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CROSS REFERENCE TO RELATED APPLICATIONS [0001] This application claims benefit of
U.S. provisio 2RR 63?:1 n Serial No. 61/022,120 filed January 18, 2008, t d|s%losﬂ%rfe78f which is
incorporated herein by re erence in its entirety. TECHNOLOGY FIELD HEZ_LQI8 e present
invention relates to building exhaust systems. More particularly, the present invention relates to control
systems and methods for controlling gas exhaust fans to exhaust-gas from the interior of a building.
BACKGROUND [00031 The lifeline of every building ventilation system is the exhaust system. The
improper selection, application, installation, operation, and/or control of the exhaust gas system 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
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TECHNOLOGY FIELD
{0002} The present invention relates to building exhaust systems. More particularly,
the present invention relates to control systems and methods for controlling gas exhaust fans to

exhaust gas from the interior of a building.

BACKGROUND

[0603] The lifeline of every building ventilation system is the exhaust system. The
improper selection, application, installation, operation, and/or control of the exhaust gas system
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.

[6004] Conventional gas exhaust systems typically have a fan and 2 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



WO 2009/091477PCT/US20081087572 exiting air in order to properly dispel the air or using a tall
stack, both of which serve to avoid re-entrainment of the discharged exhaust gas. [0005] In this

regard, refer [ %e,to U.S. Patent No. 6,431,974, issued to Tetley et al., U.S. Patent No.
4,806,076, is“njs&:j(ge%ﬂf%%% rews, and U.S. Patent No. 5,439,349, issued to ﬁﬁg{gr%%‘%’é’?% iéh are

designed $SBPOIHEBORISh 0 eTsERy yelifpeidkp alsiigiagsep ek dethsthehshssarerRaaidkpraust

fans are tg@@{{ﬁgﬂ@gp{g&&&ﬁ%g@g&@@@%&f buildings and are used to carry exhaust gases as high
as possible above the roof line of the building so as to ensure an effective final dilution of the gases

within the greatdd385siBléNRiasAe Sreires Medn i -enbtfraheir il et ih istaddadigarea with

maximumedHUiONS. Patk@GRO L, Fow,@xqinpled theiatliadd) phiast S ausNansa@esaus dederbed and
shown in H[.Sfeegetlent %o 4,806,076 Q?s a no zlehln whifkcl. WO C nvefl%in flow paths are gefined by

two respectVe BASERGBITATS KHSE SdEmaied Wihin el%?’a’ﬁth LETRGYS PG RAE S Yhses to flow

upvyardly dﬁneug@ethe%:dgaashmtﬁm@mivammémmemﬁmm@ﬁhoifdﬁmgqmtﬁlmsuppIies
o mvoramind S8 TG U ISR CARTUAIEE R0 B eI iR e

converging flow pat ventional systems exhaust the air away from building

intakes ordarsffettiee Grahditaprcolier|satdsoTdiaibameatsnt pisthe disdiaceidueiiag sitgad Bind to

people inhaling the exbaysh Jhe commondange.ierualacity discharge from a stack is 1,000-3,000
fpm. The ANSI standard for these fans is to maintain 3000 fgm at the discharge of the fan., [0008]

Thus, in view of IAPfre§Biit2tHife e 4aqE #aBleebiPar HRBAGRSdeatisbybanshtheyatins that
ensure propersysieMaarorNanaesanhpR Vs Bficient And-sale, IRRF e Famkadiments,af the
present invention provide such control jﬁ/stems nd meétpogs. SUMMARY 0009] The following is a
simplified SHRHEHPEITHE WV EndbH i TIAEP L BrSUI0E: P A AR HRP BN TP SO BrthioRs pects
of the invepticind [T his@ighthary isusoparttiendashicvdeotiflde@ycdbetitical @lemerfiswptiesinyenton or to
define the scope of tp invention. Eott)JlO In accortd ce with I;het d’e,sentbin.venti%n a c(?ﬁ;[tol ﬁ}/stem is
provided f%nrm rienial ai 100 iXing by mauclion mto the contaminated gases being exhausted throug
the converging flow paths.
[0007] These conventional systems exhaust the air away from building intakes or any
other areas that could lead to re-entrainment of the discharged exhaust gas and to people inhaling
the exbaust. The common range for velocity discharge from a stack is 1,000-3,000 fpm. The
ANSI standard for these fans is to maintain 3000 fpm at the discharge of the fan.
[0008] Thus, in view of the foregoing, there is a need for control systems for exhaust
gas fan systems that ensure proper system performance and provide efficient and safe operation.

Embodiments of the present invention provide such control systems and methods.

SUMMARY

[0009] The following is a simplified summary of the invention in order to provide a
basic understanding of some of the aspects of the invention. This summary is not intended to
identify key or critical elements of the invention or to define the scope of the invention,

[0010] In accordance with the present invention 2 control system is provided for
exhaust gas systems of the type described above. The control system may be mounted directly
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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exhaust gas systems of the type described above. The control system may be mounted directly on to
the fan plenum so that it can operate one or more of: by-pass damper actuators, stage the fans on
multiple fan %ﬁéﬁﬁeﬁ%m' the fan drive systems, adjust discharge nozzl% ggter ine_the static

S
pressure in the aust system, and determine the air flow through the fan. :Fhe zé)oo%f)r%ﬁsglstem may

control orf&BiHBr &SI SveuskiBe staguichn coiip SHE A R dente mumipharap/alocity
2009/0914y ZRGTMSRPQBLRTRF NI 39sexhaus! thipuathgeexhaustian while still maintain a

minimum discharge velocity to ensure proper operation of the exhaust system. This herlﬁs to conserve

energy.  [001HPAtcorfREEaRE e WEASRESRAhBSHTETRIND fhe CORIPLPEYSIR MRS Bie bypass

damper clasedaniien gasdon-s aldvavdseaidainandnimuniand othedwiseranengsthe hypassdamper to
maintain %%s eraust.a ove the Fnini g({rr\l] ﬁlconstant ste‘\g\ic (gr[g ssure may be maintg)ined in the
y y

exhaust sys?‘é’r%rh%?c?g% %19 $840 gﬁﬁga % ?pné%lg lérrrﬁ‘perf: "3%%%16 91%‘0’%1%%? gmper closed

exce%t Whﬁﬁiﬂtdﬁl@téﬁg&@@ﬂgh@@p@t@hél@ﬁgég&%bénmmmm$dm‘q§§1y B@;rl«teep'gigﬂbwoy- )
considerap ‘ ‘ ined. Ino nbodin, : ss damper may be
cminared T e R

controls acpitirelity Bevasiabidspee darangsmiomstas veabesbirioriplbrethensabedimpnisiabedystem. A

adjustabl Qg%g_fgplggg\/ge(@jmng&y%@&gg%_be provided for each of the fans. The fan speed may be
adjusted between agre-set minimum and a pre-set maximum speed for the fans. When multiple fans

are energized, th¥dghtréicsypsdang Braseraniiepatrpeiey the Rudiery thasaralysopieatally equally

between thiarfafg of variable speed fans mounted on a common plenum in a multiple fan system. A
adjustable speed fan drive (VSD or VFD) may be provided for each of the fans. The fan speed
may be adjusted between a pre-set minimum and a pre-set maximum speed for the fans. When
multiple fans are energized, the control system preferably balances the load (e.g., flow rate)
substantially equally between the fans.

[0013] According to onc aspect of the invention, adjustable nozzles may be used to
maintain a constant pressure in the exhaust system header. An actuator may be used to change
the position of a portion of the outlet nozzle thereby adjusting the nozzle outlet area. Decreasing
the nozzle outlet area decreases the flow and increases the velocity of the exhaust air exiting the
nozzle. Increasing the nozzle outlet area increases the flow and decreases the velocity of the
exhaust air.

10014] According to another aspect of the invention, the control system is designed to
maintain a minimum pre-determined discharge velocity. This minimum point would be
determined with the intent to avoid stack downwash and possible re-entrainment conditions.

[0018] According to another aspect of the invention, in cases where the building
airflow demand could drop below the level needed to maintain the set velocity, the fan(s) may be
mounted on a mixing plenum with by-pass or bleed-in dampers. The control system would
modulate these dampers to “make-up” the additional air needed to maintain the set velocity
through the exhaust fan.

[0016] 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.



[0013] According to one aspect of the invention, adjustable nozzles may be used to maintain a
constant pressure in the exhaust system header. An actuator may be used to change the position of a

portion of th £I0%5 ngﬁl"a thereby adjusting the nozzle outlet area. Decre&sllﬂ%%&% }33775%5(9 outlet area
decreases the flow and increases the velocity of the exhaust air exiting the nozzle. Increasing the

nozzle outlet ard4dhtredseeifidsiinribcastreuivsiha iy druieadmasrarided apddhu
According: i @8 QiReiAsaRes e iteoinvaRiion Lins.coRlah S¥S |k de signeehiRMainialk,a Binimum

pre-determined discharge velocity. This minimum point would be determined with the intent to avoid

stack dowAlia&h AR BIE e R EHHMBRTEBRAWSHE. 5t PRo1 o1& CeBFAhY T BBt & Rspect of the
invention,dimeases whestdhetivdeing aifiperdewkdidaaantichacofblawdhediove| meagdastta maintain

the set velocity, thefan(s)may be mountad,on amiing plenum wil by.pass et bleedgin dampers. The
control systern " would modulate thesSe dampers 10 ‘maké-up”™ the additiohal air'neéded 10 maintain the
set velocitgthrsuggs the sxtraustdfamcludd @dd 8lcAcotrdingttoroneyarmisodimentacsmglaexhaibst fan is

provided %&%ﬁﬁ%@&%@%@f 5%@1&9&1rﬁisb&g%]%ﬁ&qqgt&{:ag&gass dampers, fan speed, and adjustable
e

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. WO 2009408114 ALRGTAL RAANBADEEEER0f tOR BhAscaiding: -anpiher-emBesicaent

multiple exhaust fans are provided and the control system controls one or more of: by-pass dampers,

fan speed? IREGMBISRHRd AtdEiR08F AL Srrizie etdiblert annbyyie o Satbmmagdrstie set point.
The contref systaimmacaisscontralthe.ppriatipnalisolation ¢anRassHo/han, al exhesist fan is

de-energized, the isolation damper js clpszfd. When anfexh st fan is enesﬁized, the isolation damper
is opened™FHE SMAEIST §48 ?&'ﬁ%%lt%% HASFREIHHE SHEYhe CORHOTY IS nOROXIAE SMBIHRS one
componertdsithueoniyindtiba fahcomponents, or all components listed above. [0018] According to

another aspect qf e inveqign, AldSASLINER (RIS AR TPHA'EA 00 & COMTIOR LT A\l feast one
fan is operating an At least one fanis'in a stancfby ode. One of the fans may comprise a redundant
fan. In casecdbliaiing dttededofedseiptinn offidustiatiot sydtedinmealy dnbpyizecdsretthmdaniicaridshexhaust
safety. Thﬁ&%}gt;ﬁ vﬁf@@ag;&\ége for cycling and sequencing of the fans. [0019] Additional features
and advantages of theé invention will be made apparent from the following detailed description of
illustrative embodiments that proceeds with reference to the accompanying drawings. BRIEF

DESCRIPHRORF Qe IERIPRONINEPHE DRAWINGS

[0020] The foregoing summary, as well as the following detailed description of
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention, there is shown in the drawings exemplary
constructions of the invention; however, the invention is not limited to the specific methods and
instrumentalities disclosed. Included in the drawing are the following Figures:

[0021} FIG. 1 shows an exemplary building exhaust gas fan system;

[6022] 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;

[6025] FIGs. 4A and 4B show an exemplary exhaust fan system having two exhaust

fans;



[0020] The foregoing summary, as well as the following detailed description of preferred embodiments,
Is better understood when read in conjunction with the appended drawings. For the purpose of

illustrating th& g}go%%g&?ghere_ |slshown in the d!rz.awmgs exempla[ry constrﬁ,p?t#(?{g]ss2 (%f }518% g,rﬂzventlon;
however, the invention is not limited to the specific methods and instrumentalities disclosed. Included

in the drawing af8%Y foliwint Fied rdd shop 2 Erorlashews s Bremiar) dime e sHaust 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®lfillesT1C- f0B 28 eHE i M MRGE M HSHAR R IRRIADG RO A S S nplary
control sysienpieitkantredingitheuddingexhaust gas fan system of FIG. 2A, [0024] FIGs. 3A and

53 show an Xl SRR R L e M o ol ol g R0z o aAan
2009/091 4 %PRCHEHAS 2008087672 (0026115 IEsc:dhAmmntibBysteow an exemplary exhaust fan system
having three ex*]%‘f&] FIG. 8 is flow diagram illustrating the logic of an exemplary control system
incorporating variable speed drive and adjustable outlet nozzles into the exhaust fan system;
[6030] FI1Gs. 9A and 9B show exemplary adjustable outlet nozzles;
[0631] FIG. 10 is flow diagram illustrating the logic of an exemplary control system
incorporating variable speed drive, by-pass, and adjustable outlet nozzles into the exhaust fan
system; and
[0032] FIG. 11 shows an exemplary exhaust gas fan system having a control system in

accordance with an embodiment of the invention for use with a multiple fan system and having a

pressure sensor and by-pass dampers.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0033] Embodiments of the present invention are directed to systems and methods for
controlling an exhaust gas fan system. The control system may monitor the static pressure of the
exhaust system and control one or more components of the exhaust system to optimize system
performance and imp rove energy efficiency. The control system may be designed o maintain a
substantially constant pressure in the exhaust header and provide a substantially constant flow
through the exhaust fans {(e.g., a substantially constant volume and discharge velocity). At the
same time, the control system may be designed to ensure proper dilution of the exhaust air and to
generate an exhaust plume having a velocity sufficient to ensure the exhaust air is not re-
introduced into the building intake.

[0034] Embodiments of the present invention tie the control system together with one
or more components of the exhaust gas fan system to optimize system performance and provide
energy savings. The control system may include software and hardware that allow the control
system to monitor 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-



fans; 100271 FIG. 6 is flow diagram illustrating the logic of an exemplary control system

incorporating a redundant exhaust fan; 100281 FIG. 7 is flow diagram illustrating the logic of an

exemplary CQ’%H%@@E@ incorporating variable speed drive into the exha&s% /@%ﬁ@g}i [0029]
[ I

FIG. 8 is flow diagram illustrating the logic of an exemplary control system incorporating variable
; 3

speed drivEHABZSHRIMEDBIE b Uit 85MEs TrYEEPesIREONE AR\ SR T 0D 07 I DS CORURAIOB show
exemplaryagiustmiaOVieiNezaleg drive)addnkilnaAdis dawm dingpam fibwetmaing lasledigaian

exemplary control system incorporating variable speed drive, by-pass, and adjustable outlet nozzles
into the eXHGSIAHSXEm; and  [0032] FIG. Il shows an exemplary exhaust gas fan system

having a control [#93f¢m imslecnidanaeanihanfmbhedimentehtiae inentionfias usensitipla faultiple fan
System andaring s piesstle sensel 10 s dampers. DETAILED BESCRIBTION. OF

ILLUSTRATVEE odimen resent invention are directed to
systems dndusretheds-foscdntrpting andxbavstayad ¢dnceystiemmniireagpyolisysteAdthragimonitor the

static presgyite af g AU, RIS ANH:600UALoNS B1BPTE CoOMARRENts;of g exhaust system (o

optimize system performance and imp rove energy efficiency. The control system may be designed to
maintain &&HsstEmehiystarstanabiaskideetis saebivnEeBenG detratensrolvsaa aisssEelally constant
flow through ¢hengxhaust fans (e.g., a substantially constant volume and discharge velocity). At the
same time, the control system may be designed to ensure proper dilution of the exhaust air and to

generate an exhB4SPhlumEnsRa deveidesiieud hers ansthautdosdiiuel it 46 pst RShtroduced
into the buildingt itkakerequirdDRA3dliRmbodinmeantsief diepreseinnvention die dheconptnbsystem

together with one or mgre components of the exhaust gas fan system to optimize syst erfoimance
at providR SRy TR TS S SHaR ) TS SRR N e At Diow the

control systdrdjosmidnitatiantdmiintdihcacconstan tstapticopiéssurbilityie edlnstustdsystemdypeontrolling
one or mo?r&g@%g&g@,gémlc‘g%%@%%Eg@%lcg ] %S§ystem may accomplish this by controlling one

or more of: modulation of one or more by-pass danipers; adjustment of the nozzle outlet area; varying
the speed of thelf¥}3] stBrgifvepblvidths candotreysike. IBselitilizipe.aneheonsttbiliter onetol pysimof these

functions, ey ARIQU AT SRS B LSS BB ably, the control system is intelligent, meaning
that it includes logic for responding to a sensed exhaust system parameter and controlling one or
more components of the exhaust gas system to maintain system set point.

[0038] FIG. I shows an exemplary building exhaust gas fan system for exhausting air
(gas and fumes) from a building. As shown in FIG. 1, the building exhaust gas fan system
includes exhaust fans mounted on the roof of the building. During operation, building exhaust is
drawn into the exhaust ducting through one or more exhaust hoods located at various locations
within the building being served by the exhaust gas fan system. The exhaust ducting may
include a plurality of branches, for example, cach branch serving a different location, wing,
room, lab, etc, within the building. As the exhaust is drawn upward by the exhaust fans, the
branches combine into common branches and eventually into a common duct (also referred to as
a trunk duct or riser). The common duct may be in fluid communication with a plenum.

[0039] A static pressure probe may be installed in the common duct and/or plenum to
monitor the static pressure of the exhaust. The exhaust gas fan system may operate to maintain a
constant static pressure in the header (7.e., the common header and plenum). The systemn may
include one or more by-pass dampers mounted on the plenum 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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-5- WO 2009/091477PCT/US2008/087572 minimized/optimized. For example, reduced horsepower
may be required due to one or more of staging of fans, variable speed drives, minimizing/eliminating

by-pass flow z%pd/or adiustment of outlet nozzles area. [0035] Implementz?ti n and_use of the
WO 2009/091477 . ) PCdr U zgosgmszz
features such as’'s aglng]’éf fans on multiple fan systems, variable fan speed, and adjustable outlet

nozzles; rigjcradecEEhtROPERATMEBPEE Hor@dslatps b amRisasend am parapTo WdnpRsved
efficiencigg,apd energy savings. Although conventional exhaust systems may have addressed one of
these features in isolation, conventignal systems do not include the combination and integration of the

various control flfdinss shqppas Fikish, Wl haeides araymBve soranpiceiosad@uch that
at least ong:gxhaus! faRdsyespirediat athiinednARdueh . the exhabis! systemisaysaabReesia by-pass,
but rather may emplqy a control system having one or more .of. staged fans, adjystable speed fans,
s Sl RS A e e e TR i o
exhaus_t syﬁrmfnsi/géthl&)y atledtet dheoneed focdie pafiew and:!;ﬁe@ﬁie %mmbéthe ptrokesistem is
selfreliant, mieaning hatie conitobsysien need nohbs, Uedinia 0 buliding, sysigm. Rrcferably. the
control system Is hte igent, meaning tRat It includes ogic for responding to a sensed exhaust system

parameteA&Rtreanirollidg o¥eriobinSreasomper{difiB ofthd esikdadirgaienysianved Yirihtain system set
point.  4Q03RL dﬁhﬁ%e'ls oW R AP RNy Ul exRAUST QG5 ARG, 1L Sgé_aaaﬁkfag air (gas
inclu

and fumes) from a building. As shown in FIG. 1, the bU|Idin%exhaust as fan system des exhaust
i

fans mouSsg I YREdsrerdRe bR Dardy Goeradis, e fting SRHAURHRBPSRIPHES tHe exhaust

ducting thraugpions 9fsere @xhausbhegasiocatatatiuasions lacations withintoe/building being
served by the exhaust gas fan system. The exhaust ducting may include a plurality of branches, for
example, Ba&'Branch serving a different location, wing, room, lab, etc. within the building. As the
exhaust is drawrjoggwnjard by dhieves fansttaris;vhe didandbesredsohing iwite. camsismbianetieasand

eventually.inta a.cammon duct.(also,referred to as a trunk duct or riser). The common duct may be in
Pt e e s R A e R e S
common dogsaraiddordpteperm Haensohiton tirrgtativgres sangrol ¢h &exh acsttdite drbaofidgas fan

system may, Jnaintaingg £0 0t stie pres inghe, (1.8, 1 n header and
AN PRELFIELO Mﬁ?ﬁgxé FANSa0h Sl BF@é&hg %&%L}ga&?@g? (6-b 0 GPMIY

plenum). The System may include one or more by-pass dampefs mounted on the plenum to allow
dilution offfverexHEORE W IthcARSERipPERE andatiadr il eprelelipe fpeformance of the exhaust fan(s).

Actuators may bm@x@yid@ﬂa@ﬁ&o&t@ei%m@t byrR7as dAMReEhRiERSH enehanges dRdthe plenum (or

common duct) caused by hood demand may be sensed by the static pressure probe and used by the
discharges the exhaust into a nozzle loated downstream of the exhaust fan. The outlet nozzle

control
may include an adjustable outlet nozzle. The position, and hence flow through area, of the outlct
nozzles may be adjusted by the control system in response to hood demand to maintain set point.

[0043] Optionally, a wind band (i.e., one or more annular sections disposed
concentrically over and about the fan discharge in a space relationship) may be used to induce
atmospheric air to combine with the exhaust air passing out of the nozzle area for dilution and/or
increasing the mass flow rate of the discharging exhaust.

[0044] Exhaust systems typically require that the exhaust be discharged a sufficient
height above the building to ensure proper dispersion of the exhaust and to prevent re-
entrainment of exhaust into the building intake. This may be accomplish using conventional
stacks, which are unsightly, or a fan having outlet nozzles to increase the velocity of the exiting
exhaust and provide an effective stack height sufficient fo meet system design requirements. As
shown mn FIG. 1, the exhaust fan plume may be discharged upward as a constant, full volume
dispersion. Proper operation of the exhaust gas fan system should ensure the there is no exhaust

recirculation.



WO 2009/091477PCT/US2008/087572 system to cause the by-pass dampers to modulate, for
example using an actuator, to maintain set point. [00401 As shown in FIG. 1, one or more exhaust

fans are in fl%% %ﬁ&%@'ﬁ'ﬂ?aﬂon with the plenum. Also as shown, the exhaisléwggmzso éjguffc?gqg% a fan
mpé

housing, an i er assembly, and a motor. Suitable fan types may include: mixed tlow, centrifugal,

axial, radial, and #éJlkeATheYAddrISizE midtise ssmetedbeivEsrasiabedimsls soaprasigre

requiremea@@&fgﬁﬁlﬁ@m%ﬁ%mmtﬁy ird BegxBansllansmayaise ek de: an-Adivstable
Speed Drive (ASD). The ASD may include a Varigble Speed Drive %\éSD) or a Variable Frequency

Drive (VFB$RBHECG 1 SHAS GRS e (it OB At SHbe et B R S P may be
used by thescantrodigystenmiocsens aysignahiaytbenfanstiivetg Rdiusiipe fan dpeed iormaintain set
point. In myltiple fan systems, the control system may alsq stage fans.in order tg maintain system
Dressure, W OR GRIHER T8 By TiSs PR A G SRR BF b ATeri G AL AR Ol exhaust
fans inclutte &ahottensantes sizd=dte thouhtethiol topzdfstiveag]esiuhe. jhhig@xhbtstfarriesayEmblofle an

isolarion daMPEinEBeRAMIIAITPH AU DL AN AlGE AL AN BGRIRIR,Clookaffy i grerdized fans

ina multlp e Tan s_ystem. IS pr' vents atmqsp alr 1ro eling arawn in revers_e t rough a
de-energiFelbfniasthoopindm it of sRuine fans o osus perdto it ihece shbsistials)cnstis the

exhaust fregy, theiai.and disciarg RN IBIRANQ74IS peaigshdounat earpialdhe exhaust

fan. The outlet nozzle may include an adjustable outlet nozzle. The position, and hence flow through

area, of the outléP¥ziddsirmbhie hajrriteal systee LoHts Si<tetntimrsspsisse RerfosBardeAdnd to
maintain setppeietnerg{RPASIAPRtIDNALY, savwvipd derunel i MM oML WK SerliensHisposed
concentrically over, and about.the fan discharge.in a space relationshi ay be used to induc
ctmospheh IS JSHaLTREN I I B PP BHCL e Aut P W I B B) BB ahGor
increasing¥heasmass. flow rate of the discharging exhaust.
[0047] FIG. 2A shows an exemplary exhaust gas fan system having a control system
for controlling multiple exhaust fans and includes by-pass dampers and adjustable speed drives
(ASD). The control system 16 may normally maintain by-pass damper 14 closed to conserve
energy. Otherwise, control system 16 may open the by-pass damper to maintain gas exhaust
above the minimum required level. Control system 16 may be mounted directly on the common
plenum 18. The fan motors 26, 28, 30 may be controlled by variable frequency drives (VFD’s)
32, 34, 36. The VFD drive may add a considerable amount of energy savings by
reducing/eliminating the need for by-pass air while the fan is exhausting at velocities above a set
minimum discharge velocity (e.g., 3000 fpm). The minimum discharge velocity may be
manually set in the VFD as a minimum frequency, ot a flow station (not shown) can be mounted
within the fan inlet bell, or a piezometer may be mounted on the inlet bell.
[0648] Flow transducers 38, 40, 42 may be used to determine airflow through the duct
work. These sensors may be tied to control system 16, which maintains a constant airflow
through the fan. A pressure transducer 48 (e.g., a static pressure probe) may be used to monitor
the static pressure in the exhaust system. Actuators 44 and 46 may control the opening and
closing of the by-pass damper. The control system 16 may operate these actuators to maintain a
constant static pressure within the building ductwork.
[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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[0044] Exhaust systems typically require that the exhaust be discharged a sufficient height above the
building to ensure proper dispersion of the exhaust and to prevent re-entrainment of exhaust into the
building |ntal§$o'l;‘gﬁfma4¥,_/be accomplish using conventional stacks, which_are unsi htI);5 ar a fan

having outlet nozz eS 10 increase the velocity of the exiting exhaust and prlz)%}féléséon déelive stack

height suffieisif to fedegysie i dediyihretpiifehaBten AssidwiPitRIm e anf stexman st fasthlume may
be dischagggglwmard as a constant, full volume dispersion. Proper operation of the exhaust gas fan
system should ensure the there is no exhaust recirculation. WO 2009/091477PCT/US2008/087572
[0045] A shown %M. VA SticPphdias rssteh & sy R indtanedimorrEatiomem S britad?dr plenum
to monitortheisistieipieastieof the@xhinustahber epsikohsystRMrayeetiva axgigRatiramithe static
pressure rob%—:g.tln an efforttom "f%ai”h? ubstantiall ichrE?tahnt SﬁStﬁm qpress1%1re ﬁ]et oint, the control
system: ntay Séhid TOTRAP P FSt exAMPIR AR E MG BetTal8F FRRHGRENES %rg?/-apségé damper;
may sendba sigial tonthéctamcdrivgl thradjilidtdhei speadtohtienfan; daaydsedlalsigdahtomthe adjustable
nozzles o adiyst e pestian.qhieanzeles.kach ALilese saniqfuncigns sabe yeedindvidually,
or in various combinations, to maintain’a su]EJstan ally constant static pressure wit th therexhaust
header, aptb¥idacecsubstatitiyfoonswbedbienaesligisrtaecexthagenfmh systemrauy tereptiizo-exhaust

system perfarmancaapdisiician@e vy-plROARRERISIAPN IR IPORIFRLSYRISMLIRUICHS SRjdaLptimize

system performance and improve energy efficiency. Energy saving actions my include, for example:
using the YRS SRMAREP O FEhdStEeRadRPtRe: fIY(8) BemrrminvahBdbe Bty eeor
minimizingsthe s ahPYdPass s Riem malPddabd Ghe2PcShAvaanSXSMRlN . eXbaustigamian system
having a ¢pntrol system for controlling multiple exhaust fans and includes by-pass dampers and
adjustablé'8Peed drives (ASD). The control system 16 may normally maintain by-pass damper 14

closed to conserg@stjergy. ittiesnisesofiiichsysiehtslodayiopaptbedmpassidasppel (@ maintain

gas exhayst aoue the Mnimum [equied Isyel. Contol system. 16 may.he mounted dieety on the
common p?enum PB e tn motors 2 5%1 0 may be control ed%fvarlébfg fzrequency drives (VFD's)

32, 34, 36xXThesMED drivecraagnaissdlonnsigebabiguarndant ticembagyt Sanvdimepy by sedocing/eliminating
the need - ile. L ! i ities aby ini jscharge
ﬁﬂ{n%ﬁﬁ@?e%ﬁ XYJ&'kﬁé’ﬂ?ﬁ%&&ggl&%ﬁé@%@&&’%%%f&etﬁcaﬁ’é%l’x%c?sé? S @%%9&5 9

velocity (e.g., 3000 fpm). The mini locity may be manually set in the VFD as a

minimum $RERAISHRATRUESB GRS FRCSHGIWHISKEM TBEYABLIAIEE Withinstimaeririretipel, 5 a
piezometerdmay,he dgndhe netRRllre and@P4R] k1AW Mahsdusrias3Be 40nAZ:MaY e used to

detetinine airflow through the duct work. These sensors may be tied to control system 16, which
maintainstBCBRRECAHIBIF P JEg R tre Rarr R e st AN duear 4 @grd aidbaiinsiaddure probe)
may be usesbi@ sxdaitarftae wiatis fkessusdltwhevaxhaustipysteniuAcidateesidéandidt may control

the opening and closing of.the by-pass damper. The control system 16 may operate these actuators to
maintain é:gcnc%r?gt%?ﬁ%esl?a%fg%%%slga{)rée?%ﬁﬁrﬁ% %fé)%juﬁ (‘ﬁﬁg st ﬁ?tweeﬂ%&ﬁ%.%'is a flow chart
illustrating the lotfi¢331 arvéxedepteayipnitstins vsteandhéie mnirbespsent with anexhtustrdasofadhesystem

having ong, o/ ey 18’(&%‘%&&&%’18-&@@%,%%%9i%@&wﬁ?ﬁﬂtﬁé’t éE?éa%‘éﬁté‘%‘%pt %T&Qé%é@e%é&é%di;‘g d%’fttig‘

static pressure and may control the number of exhaust e spee e exhaust fans
operation®itiseupyspext Wit 20001001 A7 TRETHISPO0S@BABI the control system would begin to

open the by-pass to increase by-pass flow to the fans. Once the by-pass is fully open, and with
continued decreasing demand, the control system may de-energize one of the fans since less flow
18 needed. The 1solation damper for the de-energized fan may be closed. The speed of the
remaining fan may be adjusted to maintain set-point. Once the fan is at minimum speed, the by-
pass damper may be open to increase by-pass flow to the fans. Again, at all times the control
system maintains a constant system pressure and ensures that the outlet velocity of the exhaust
system does not fall below safety/design requirements.

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

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



dampers. As shown in FIG. 2B, the control system provides for starting and stopping of each exhaust
fan. [0050] When the building exhaust fan system is placed in operation, a first exhaust fan may be
started/energj IS | tion damper opens, and the drive of the first exhaust fan may be set at a
minimum spgglg.gvp érzoé?t%?e fans are included, the other fans may be off of %}TéUg%g(ﬁ%%sy%zode. Any
de-energiSed R WIPADE HE T SRtBIvRIASTPEE LR Wit e snttane coasidetptisriadiagiand) from
the hoodsygnRe fRMRLEHeIaPEdRenxRRSS dampers may be open to provide more flow to the
fan. As hood demand increases, the control system may cause the bypass dampers to close. As the

by-pass damperS3pHroddisurcBduiB shiysiarsaphreradans @ Ramesadginansiag @
pre-deterniingé aainty fnd As shewexnaustsicadandthB, bkildingeoitiniiesdentegwasg, dhg control
system may incregse the sl%eed]o the first exhaust fan to,provide more ffow. gLOOSgl}LAII:;;the first
exhaust FANABBroachBERHA/BF HCsP AP RS T LS o o EREY W B RHEM 2 determined
point), a sgoenttdxhavust thn phayiberdeie thzed Mt twe exinaisitantinopsiison ntestflad anay be
required the f ) ini nd the by-pass dampers may open to
mold the el D . B R R e e
by-pass damperfHosdIfs. thé byl gBsheismpersnap proashaiish eio S evaimtiooneriaingll closure,

and as the,gxhaustinad ia.he UG FORUES 10, NAECRASE D6 LPRIRISY SIS PG eRge the

speed of the first and second exhaust fans to provide more flow. When multiple exhaust fans are in
operation PIR&EbNHBT 8§ 818H Brarstatiy Brrdnes S ssd @i spii rate Y bBrnssh diaskhaust fans.

[00f521 Witk desraasi 'Bﬁ @géatma%mm&e oﬁ&?gﬁ@ﬂ@%%&ﬁ%i@?’a@ﬁ&fsﬁhﬁﬁ? eeer phine Contéol Iogri]C-
Referring to FIG. 2B, the fan speed may be decreased until the fans reac a minjmum speed. Wit
continuedpa‘é‘f:‘%gi?{ge%g% é’ﬁ?ac?égﬁ?&ﬁ%&%’d&ﬂ%ﬁﬂ?‘%&f@?ﬁfm3%%‘&??38%%&%%“&@%%0 increase
by-pass flavi tadhefans: Gnce thisdwtipadsngdr ytapenman davitsCentonged e opeasgiog cegmand, the
control sysia may, ds-eneraize ons of e fans, since.eos flow is needad, The izofation damper for the
de-energiz‘ecfl?an ma;})%e' closed. ‘the spepe& of the rerﬁ’alnlngqfran may eyagjustle RO TaimtEin
set-point. @hedethe ﬁ@mibmgrﬁmmumcsﬁeemethénlgmsss;iémpiGWgaw bencpemainncrbase fy-pass
flow to the fans. fgaiy. at el times, brocontrahsvaicm.MARIRING A FRNRIR0YAY R PGSRl and

ensures that the outlet velocity of the exhaust system does not fall below safety/ n requirements.

[00531 Byrteperyeshiiviithg theGplritspvidotrgs e SthhBbiepegsdampartosititbiicthe fan

drive spee@gcﬁﬁa%iagjeb&&a&ﬂeaﬁeéalﬁrm&i@@dﬂ@f@ﬁ%@[@@ﬁ{éﬂgﬂ%@i N8 Y¥Qnal entrainment
2009/091477PCT/US2008/087572 constant system pressure and proper control airflow through the
system, cONSIRAbIR AR 75G% motor brake horsepower may be achieved.  [0054] FIGs. 3A and

3B show an exefopfay exigaushgad 3 stysianptemprisipg axsngteaxbabstifamiAsspawyin FIGs. 3A
and 3B, th eXh"‘hléStsg?n is moun'EFd on top of a B|enlémé ;I)'rhe(g) enum in%Iudes an inlﬁt for regpgiving

I
exhaust aif: An 1SOI& |o%n%glr%lﬁ)net? rﬁ]gy/t%’eopfaot%}le ed'to cover the plerum miet Theekhabst 1 also

includes arfahagsentblyA dnpzsieenpenaoudar Optibnaly] ancbasshbnopmaBtE of 3ichhg-B8sthe

exhaust f include j : 5 . 4B s exemplary. \ust gas fan
system C(;%rghp gng r%%?ltlcp%e\é\{]eg% ugsé:%%vsdi%%s%h%%véﬁz é%%s%g%& %hdkg ]A?g% c?ﬁ%%éxﬁﬁﬁr{ﬁﬁr%e mounted
on top of arplaeshvctisenchaTdrausy nasedernpars fmay be Bebvide dorpaiaqiemiman supuks damper

actuator gy RgdISRE Jp-cANRARS PReAtNGRERREN by-pass damper. A rain cover may be provided
for each by-pass damper. An isolation damper Or(?@/ be provided between the plenum and each
&

exhaust fan. An [88/8or/\#aRpBF SEREbFHE) DRGSO siftFo e B &Pt 8RR éBtion
damper. ThadsglaHon BappadinprnessYsiena-pR T ance Ry fedvanapreveniRgHatiside air from
being drawn into th opergtinﬁg exhaust.faqlt roupoh a n?n-op%{ating exhaust fan. ) ,

exhaust and to produc a converging high velocity plume. An optional entrainment wind band is

also shown mounted on each exhaust fan.

[0059] In embodiments employing multiple exhaust fans, a backup/redundant fan may

be utilized. In such an embodiment, at least three exhaust fans will by installed (see FIGs. 5A

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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[0056] As shown in FIGs. 4A and 4B, the exhaust fans include a fan housing, a motor, and disconnect
switch. A nozzle is provide downstream of the fan to increase the velocity of the discharging exhaust

and to produ ing high velocity plume. An optional entrainment wind.band is_also shown.
[0057] FIGS.%&%%%?&OW another muItLiéJIe exhaust fan embodiment cé’%ﬁéfﬁ‘ést Yed’exhaust fans

mounted AdERTLEE FRTITYEHE Ingin shewy palsd rimpairniiiy mrepted debarkund plapdast A

by-pass dampesastiern ey e eaedstp control the operation of each by-pass damper. A rain cover
may be provided for each An isolation damper may be provided between the plenum

by-pass damper. |
and each exhau48, AW%J%ﬁSrﬂﬂ‘ﬁrﬁ%é? PRt BRNGEMEtS ARSI BHSFRITSh of each

isolation dgsaperior cy{0p8} Agaimcihe e@xbaushfanddncludewidamhousinGmaingias erowdisconnect
switch. A 1nozzl? tm@@bg %ovid%d owntslrela of ea%h {an 0 int rease tpe %ﬁel city.of the discharging
exhaust anthto produce a Comverging high velocity plame: AR opHonal entranment wind’4hd is also
shown maotatte pressieaehdexhaastfann one of 059 o molvdaiovent she iploysindp mupatip b exddaiét fans, a
backup/re f til] . ' «at least thre haust f ill by
metaled (e B R T e Ky
cycling whierrottabsexrause TS st e bde kegrr &aumabng RireTmsdye M g-dwesedaenieing of exhaust
fans shou&&a&gsstﬁats?&&aﬁﬁw%%fag% bayve subsiantipheing SAMERHRGLORhDeMS. gf operation.
In WO 2009/091477PCT/US2008/087572 addition, the control system logic should include provisions
for operatgf Tt bagkiprdat AerRisyIcosl siaumiryids sApFshirareratinposppihs cshgist flow

chart illusteating dhaduthesdogieaifan exeeplancantelisysianfonciingaf saauepeing etthe
exhaust fans, As with the embodiment describhed with respect to FIG. 2, this embodiment includes a
contror syRalf SRR OAHS BRI B sthih AT TS SHRAHAy SEHOOR SN 1
modulatiobeofitivd bytpatss!dam persatthgppariablecspepdididhe.exlhay st ifafrsfand/orath® fsmber of
exhaust f i ration. As.shawn in FIG. 6, the control syst. ay further include lqgic for cycling
or SGQUG?%%E%?%%(F‘I%&I[?& gr%(lir% an %?(?13%?833 an as%%r%{ Ih%\%n%gnmﬁﬁﬁ%% %@%ndc’s@fﬁr%ﬁrther, in
embodimdrméanabindisnreeioe thoperkagbptansythe euateohsysteneidyis. may provide control for
operating one of[ﬁheﬁxh@glla&bfma%m aup{sedendant.ipns The %@%@E{é}é}&e@ alehap the
err

redundant fan may beé cycled by the control system among the fans. It is preterred that the
cycling/setfuBRRIRE &f Ritinsiasaeds 98 pdrvated deaaad sirscsparsiBapekimbasty equal hours. Also,
it is prefergshibatme psemainid eHRmay extendsd pariad RivimasHaviga dedsngant fan helps to
prolong the Life of the, fan%‘fy distributing the operating_hours over a greater number of fans.

[0061] AsTHRSERIEL With respReYoR & thi BeoRTH R By HAREERIHAY B EPEFployed.
During pemrqasvefilohe sykiasn flemandinhsaekliaust dansinerdiohave sippiemastial bicedmwng in. This
may be accomplished via by:pass air. being drawn from spheric air, Preferably, the exhaust fans
are maintgql%e%ﬂé&tm 6%&-%%5@1?%133@93 ?ﬁrlﬁ?r%%?ﬁkse 600 quzg\%e%g gn%é) %‘5%% ?11}% 6}uclz}(éraﬁi?{]g back down
onto the redficismindlbeivglveraperadheidrindortized Uitditizpintakds iBephstshimsegvks e purpose of

helping oAU eI 3 stilisien! ne' el dingReiRds atie s demand.inallerwards.

instead of slowing the fans down to a speed where the plum may | ack’down onto the rooftop, a
by-pass deieiser up &y 1evifsonalicup 45 plévisentd kastisramayaasior shd prteimiy ssisitor and
maintain thestalicRreTIaD, habuilding iRV IRAUaB D & SxhauRlbeads iay be. glesgdand the

exhaust system may be drawing sugp,lemental air through the by-pass damper. [0062] As the
building's B¥h 86 SF 18 AREi RIS EE H e ARG HBB B8 -BESHGHng. As a result, more air needs to be

flowing through thessystemtanthihgihy seassdamaeiscaiai ihelospuldsealyrpassiminesficient, and if
possible, it is generall% de 'r%blée t miningg?e 0 %[jminate the use of b%}/-épgss air. Use of %control
more att peeds 1o es OwIin e SVs mangeae&;{- ’s ﬁ?%?ﬁﬁlét%f%f 8%Z|es, with

system inIé(fSlélhg O o Hiote ot staging of 1afs, Vanaie &p
or withoutlby-pllss meodalattigisenaed ifipogsitbaseintentaiicdssgybiem pénfortancsiancprivides

energy Saﬁlggg?by-pass air. Use of a control system including one or more of: staging of fans, variable
speed drive, adjustable outlet nozzles, with or without by-pass modulation, serves the purpose of
enhances system performance and provides energy savings.
[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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[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 WO

2009/091477P§2'I(;/U892]9%8/087572 exhaust gas system does not include Q}rgi;}%szsogsaory%grs and has
non-adjustak}?fe SUtiéPh8zles. Use of ASD helps to minimize electrical energy CoNe medzby the fans.

The ASD faprbeeivesiapLdesrant thd ekt arrRondias soncelissiEpaidy reiplts distong the

life of the fansby, Opetating e dans Ala BRSPS netRSALY ihmeshsysiemdemands
[0064] As shown in FIG. 7, the control includes start/stop logic. At start-up, a first exhaust tan is

energized RHIREESTHIOIAY Vel WOFRSIY tHe- fAN Br e MothttoRiolgRedhs dEnvaims, s Bntrol system
sets the fapespagadiie ARre-sehniinimupespacttsisnoatdemand inerrages, the static press probe in
the exhaust header senses Jow sys ressure and the contral system may respond hy sending a
signal to the fan%?ﬁ/%etoﬁ}ﬁé X&Yﬁ@@aﬁ SPe SOl IRGHKES Sike etl??gi“f réag{cﬁ%ﬁ lg’p?e%%ét maximum
speed, anckiuiiky ifarsasingisysteahtlemand] thecontnaldystenfamdyvstal ahdesondtexhiustiiin. The
load is bajanced between the gergized fans and.the fan drives. (fandrive | and fandrive, 2) may be set
to the pre-set minimum speed. As s'yé)tem erhand continues to InCrease, the control system may
increase the $peeproh thiolwe thasxifase lfaa@reqt_she@ar pretaetpmsasiragnd Speenhimhdywith increasing
system demandy i ontielSyslemmay oA A ehaLSE R ANglgad may be balanced between

the energized fans and the fan drives (fan drive 1, fan drive 2, fan drive 3) may be set to the pre-set
minimum speed| W&y stdircdBAiaRdeRrTUBS (S iErEEEEN s CoARGPEStRTEHAY feld@hse the speed

of the threrAaRg; (hBiSRIAELSHENENBEAPEAROIPENRNE YBE MaRYdAD S diginstadlad irdie exhaust
system. [0066] As with the embodiment of FIG. Sﬁong of the fans may be designated as a

redundanf ¥ AN LA 4R Rt TRAUNBA MHEEdYTar CBINDT RS5I8, BRArs peai Bed as
an emerggrney. backyypnidsa dinecoatitralsySiem peetacabhyneyclascanth semuraseththgpdahsfto rotate
which fan js g]e rfgdunl(%l?ﬁt ;an zls_md ensure sy %%a}{ri]ti%ggsthg %aam 0 gzriatirn 1Q}ours tfor ach %f the fans.
10067] FI © 8% Bow ¢ %rﬁﬂugﬁcgﬁﬁg Bhother embodimment S the control gysgtéﬁsi ?(I)Iélc?.m\aﬁe’
embodimént ahEtEsBtimlodestadjusiab exBpse D rilies| (paS Dy nhd tadiustd bievotichnozzles for
optimizin perfar f ' badi ti  hy-pass
dampers.% éﬁ%%@a(ﬁt%r@ ﬁ%ﬁ%&%@@%ﬁ@éﬁ%ﬁ?ﬁﬁ?irg%r%% cr)lﬁe%g’r}/p%%ﬁgggg sy.c'%\%sshown in
FIG. 8, thEWEomEs! fAetdd e SieFer S prieBicooREB SR 10 pREoRss: Exrundtolaiy s araryizssalsdifan speed

is setto asf?é@d&ﬁftﬁ@iﬂ{%@ Eﬁrépeﬁﬁ's ﬁ@ﬁé&%%?]ﬁé@?&%t@?@ﬂ%@é%?%ﬂ%ﬁ% tedhaveirpIeast
minimum flow through area. Setting the adjustable nozzles to a minimum flow through area helps to

ensure sufiR ¥XIELst velocity to avoid re-entrainment of exhaust. The control system controls the
position of the agjostblesnoizzles. cMHQIZA0Y/OOEKRT # 6nb/WISROBHOBES B2 designated as a

redundant fan. The redundant fan is not included in the regular control logic, and is typically
used as an emergency back-up. Also, the control system preferably cycles and sequences the
fans to rotate which fan is the redundant fan and ensure substantially the same operating hours
for each of the fans.

[0067] FIG. 8 is a flow chart illustrating another embodiment of the control system
logic. The embodiment of FIG. 8 includes Adjustable Speed Drives (ASD) and adjustable outlet
nozzles for optimizing the performance of the exhaust system. This embodiment does not
include by-pass dampers. Elimination of the by-pass dampers may result in improved energy
efficiencics. As shown in FIG. 8, the control includes start/stop logic. At start-up, a first exhaust
fan 1s energized, the fan speed is set to a pre-set minimum speed, and the adjustable nozzles are
positioned to have a pre-set minimum flow through area. Setting the adjustable nozzles to a
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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100681 As system demand increases, the control system may respond by sending a signal to an
actuator to adjust the position of the nozzles to increase the flow through area. This results in more
flow through thgz%pggulgt fan. Once the adjustable nozzles reach a pre-set maximum flow through

area, and with mcreésmg system demand, the control system may control the 1aA afive 18 increase the

speed of the exHale%larf)s sysjopeBRE SHIFASH IS CBIA SEstRE fanyreseped by sradées fnaximum
speed, angdowiihdnereasing &y atem: demastiolherental ayste dnay. starhiaw-eganghexbausifan. The

load is balanced between the ener%;zqed fans and the fan drives (fan drive 1 and fan drive 2) may be

set to the 5ralsempHm iy Speueh Predunioteay <okt tagdist BlererkaiirefindioFles to have a
minimum dawithreuiiwatesush «rfA0L] ARisysiemidenanechingieadet doenentraksystem may respond
by adjustin(g%hq Blo?'tio of tthe n‘ozzleﬁlto inc&eafsig th rovtv hrough area, resulting in more flow
through tH& €Xhalst Tan! Once tHe B8 USRI 10221 PAEN U pre-set maximum flow through area,

and with increas{ﬂ@ﬁﬁystéwﬂmaimmltﬁeiiconmihsyfsmmayacmats@t Mafmmmrifpe@:itaﬂgom&ase the
speed of e EXNAS![NSHISPIREESR AL DELSREALEA (PLAS AN (AN9.AS fe Auglgble I the
rédundant e B ded:

exhaust system. ani and cycling/sequericing logic may also be inclu [00711 FIGs.

9A and Olamswddisescsmiblarpasiestdble sskdie finsisovifradustablu oz ieva 3 emplye D6t may
include twg azle DR 3L A0rsacARRd.A5 A B  cooalSRaiREndIoRa R eciqns 19

and 20 may be concave toward each other and may be spaced from one another. 10072] As
shown, thBRépsE SevibHvEB 4/ 20 each include an inner wall 21 and an outer wall 22. The inner

wall 21 has flexilpdgmanels &ltem Homakd 2ddnbichiresmerable-abanl an s 19 ciange;the outlet

area (i.e., flowy. through area) of the outlef ngzzle, The flexible panels form the inner walls of each of the
nozzle seBRHE™ tgﬁ)ﬁé) WEIA T vk ?g'f’&’ B L IS R SPPES OB e R8B Ranism 24
propels a#okchaostlfakagad3to changddhenitetaiea ntthe oulletnazide: fhangkamplantheioutlet area
s changed fiom (1t oL 1@, O doudhe smafler area, oL £1G, O vhieh noreases the gxhaust welocity
[0073] Adjus]tagbfe%ﬁﬁet nozzles may be USEd 16 Improve exhaust sys em performance %y prgviding a
reduced flbwetkirawg fease 3 ids irmgpe rogsbefripaasystensdemarfasDadngapeilidds iofthowdensand, less

exhaust alg (. be Iing Y RMAR 18 (AR AeR R IS NIRAReg oS may pinch off (reduce

the flow thfough area) and the exhaust ai ocity increéases: This feature helps maintain the minimum
pre-determined #8¢hhrddVel84innd OB [Hompneraaiampiustiee mrzie Assbproviddiserdegy

efficiencieg, ZRr gxampladhibe Qutiet nesaisisafixed Nezzlg 28s4he systemdemand steases and
all other parameters are WO 2009/091477PCT/US2008/087572 constant, more air will be moving

through tHEEGfetHEZAS HiImS bhifRd of iRy Bsrerishvaron sitrechatuie sedoga AP ireh 0 are

paying fobtheanelpgity pressure - Le., the extra velocity that is not necessary for proper exhaust

Porseponer o it (e BeSeir e BEALs B V0 e A Ak iy Ko ™ (0075
Additionabdetaisib? thel acljustalselndr bte dsséieliynriay lbeXBurid in2WdSyiRcb visi omalaFlatentut
cocsio S e 4358547 D A 001 S ADo Bme dape

form the mmner walls of cach of the nozzle sections. Flexible panels 21a, 21b, 21¢, 21d may

move in unison as a drive mechanism 24 propels a rod or linkage 23 to change the outlet area of

the outlet nozzle. For example, the outlet area is changed from that of FIG. 9A to the smaller

area of F1G. 9B, which increases the exhaust velocity.

[0073] Adjustable outlet nozzles may be used to improve exhaust system performance

by providing a reduced flow through area during periods of low system demand. During periods

of low demand, less exhaust air may be going through 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 encrgy cfficiencies. For example, if

the outlet nozzie is a fixed nozzle, as the system demand increases and all other parameters are
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[0076] FIG. 10 is a flow chart illustrating another exemplary control system for controlling a multiple
exhaust fan system. The control system works to maintain the static pressure in the system and may
control one qt more of: modulation of the by-pass dampers, the flow througgTzrsa of the qutlet nozzle,

the speed of he eXhaus "{‘ans, and the number of exhaust fans in operation. SENBWH InFIG. 10, the

control sySeBFBFOVRIE SISt StopIsHie toruakihe shtesidardn B vl rarfleystanneh argpef771

When_theﬂwH@E_}%%B@Wﬁ%&%@ﬂ@;ﬂ%g%&@@eéﬁi@@ffefggﬁ;@xEi@.g%ﬁé%@tm%19&19ra@ar@ized and
the drive of the first exhaust fan is set at a minimum speed. The other fans may be off or in a stand-by

mode. With TOWPSSRYEH GEORET THR2BYL DASE Y BPRPETE TGy DB Hlserr drii Bt iabrd hepZles may
be set to agninauiBdigwnibrauginaiea. &s haeehoemanchinereasRsdihe-aanitaksystemcmay cause the
by-pass d@g}ge{; to close. As the bi/.- ass dampers approach full closure and/or are closed, and as
the exhausttoad 15 the BN difYy CORtRes to increase, the exhaust fan need more flow to maintain
optimal performdféesancdhthiéticonitcztsysténhandjsdilisttheloutkehtvdy netddrioradse the. flow through

area of thg 89%%&3?%{‘8&% Hé’éﬁgn@%%zf&%‘.’ - ﬁ? A9 ‘éﬁ%%?ﬂ%é’%f&?‘?&é&ﬁq%ﬁ&%%{% gqnaximm
flow througﬂ area and/or are at the maximum tlow thfough area, and as the exhaust demand in the
building coHthlsethishinmstesrparahes exthauSerabhéadlphdierow vduvhiatarvoptieig perfolmance and
the control gysiemNaYseng.a signal to the fan ASD to increase the speed of the first exhaust fan to
provide more flow. [0078] As the first exhaust fan approaches and/or is at a pre-set maximum

speed, a second ¥kFfustfdn! hidy Bl ¥ ahastity g e atrt SHanbRY, SoRtEhTBSER RISt fans in

operation clessflaw pafufapionaydsreauadandibesxdassiianssnand e setdm eniinkaum speed, the
by-pass dampers may be open, and the adjustable nozzle m%be set ;[ﬁta minimum flow through area.

As hood dBRISHE QoY E TG e S8 TRl RO AEBCE) Sl MATHG R IR R BRSLURAH A to close
thus pullingpmdieexinatstdf dra dheebtidaing thsspeedufpassdampeats, AMOhe number of exhaust

2009/091%7}17_P.CT/USt20008A9887572 %&H_@.aqu tf}llje” %Igéo e atnd/og_ &Trgi atsf%lt )ckos re, attgd as,the exhaust

load in the ﬁﬁlgii%%eiéaolnﬂhues ?8%ncrease, mbre flow 1S heeded and the control System ?%Ca%/ adjust the

position oéxhelptﬁﬂetin@zzléttpl¢ﬁeneas®¢he flow through area. As the adjustable outlet nozzles
approach maximyg#owdhrough ﬁﬁ&%@ﬁ&ﬁ%ﬁts&%@?ﬁmﬂgﬁ IP%%&M&&% Aisa.andsafihe

exhaust demand in the building continues to increase, the exhaust fan need more flow to maintain
optimal perfsthatiseziad e berirorsysteniiviay artifandioiarts K sIects ifeBe the speed
of the exhaughiaRsdeMiavite Mmarianede, WAGR SR shand 82A0NH.xhaHEE R ARProach

and/or are at a pre-set maximum sgeed, a third exhaust fan may be started to provide additional flow.
This proc@8EHAa e PpERie 16FE MANYFARSIA A HPEZERT fiPth ETRtHipE e xnadepiraetem. [0080]
Embodimenieskihe conitall systemringl vaes thsingladataaysiam witid yspass bpgASRnmR®edjustable

nozzles; 2, Sindig 'aN SYRIe T i DYaRESS £ AYRIARIe, 1972188 MRS ing contimues to
increase, the exhaust fan need more flow to maintain optimal performance and the control
system may adjust the outlet nozzle to increase the flow through area of the outlet nozzle to
provide more flow. As the adjustable outlet nozzles approach maximum flow through area
and/or are at the maximum flow through area, and as the exhaust demand in the building
continues to increase, the exhaust fan need more flow to maintain optimal performance and the
control system may send a signal to the fan ASD to increase the speed of the first exhaust fan to
provide more flow.

[0078] As the first exhaust fan approaches and/or 1s at a pre-set maximum 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 arca. 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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3. single fan system with by-pass, adjustable nozzles, and ASD; 4. single fan system with ASD, no
by-pass, no adjustable nozzles; 5. single fan system with ASD and adjustable nozzles, no by-pass; 6.

single fan systgmﬁxvitoh %%D, adjustable nozzles, and by-pass 7. multiple f%%s stem /gvi%]uASD and
staging of faﬁ%, A8 %ﬁﬁass, no adjustable nozzles; 8. multiple fan system With /§§Bg sstag!ng of fans,
and by-passrewshdilistaslearode sieseid it dogury, gpmww@fhﬁ%mbpt%%@@rﬁw fans,

and adjusiable-nzzlas: e RyRassianshd tltinle fancsysiemayith ASRsHagipoet &Rns: by-pass,

and adjustable nozzles. [0081] The control system may include some sort of damping to avoid

cycling. TRREH METGE DTRRPIaray2h €t pomtsARNg b et gt angeadaahisive.

[0082] Thesemirehsysiemunaay be a seifmeliant aribdepsngdantsysieMmseringdhe axhausingas fan

system onP/. ﬁ{éer_native{i/, the control sy%tem may be integrated.in to the.buini{(_r?}%::r:é)ntrol system. Also,
§ &

1S PRpAHP R SR NG PR TS S BRI S g st aP s ok A0St 1Sy RAiRiR Ube used to

the contro
evacuate gfmdk@ance and the control system may send a signal to the fan drive to increase the speed of

the exhaust fans to provide more flow.

[0679] As the first and second exhaust fans approach and/or are at a pre-set maximum
speed, a third exhaust fan may be started to provide additional flow. This process may be
repeated for as many fans ar¢ present in the multiple exhaust fan system.

[0080] Embodiments of the control system inchude:

1. single fan system with by-pass, no ASD, no adjustable nozzles;
single fan system with by-pass and adjustable nozzles, no ASD;
single fan system with by-pass, adjustable nozzles, and ASD;
single fan system with ASD, no by-pass, no adjustable nozzles;
single fan system with ASD and adjustable nozzles, no by-pass;

single fan system with ASD, adjustable nozzles, and by-pass

Al

multiple fan system with ASD and staging of fans, no by-pass, no adjustable

nozzles;

8. multiple fan system with ASD, staging of fans, and by-pass, no adjustable nozzies
(see FIG. 11);

9. multiple fan system with ASD, staging of fans, and adjustable nozzles, no by-

pass; and

10.  multiple fan system with ASD, staging of fans, by-pass, and adjustable nozzles.

[0081] The control system may 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 arc 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 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 WO

2009/091477P¢XIEY 3681087572 enclosure, such as a NEMA 4 enclosﬁg?ﬁéoggﬂwg%ystem
enclosurechwsrie. wishried Yo Ma Strnelereof the pranohsytarpemdoniss ey bomwidydterthenay be

incorporated ilQ taanuakenaasHaelanethessINReRaN Al theiaXaust Y slemh Fee¥pmple, the

control system may be implemented on a card or printed circuit board that may be inserted into the fan
controller SHERETHRAthsE fraponenhoBIE eXfryuHsprttaY Fossvamlarise myipbystam dasope

Proportionablategral Riffetantial pRstsepreaems:allegic-RregrRametheRiRRAgrasmpay: iaglude a set
code that‘%g,g)s %V;‘gatev r these conditions are, check out the static pressure, basically balance the
1

system ou HH’ et that static pressure inside the duct work. 100851 The exhaust gas fan
system may inclid84 maddiadegsighianevmalyobehd Elpvese diasiafpaekageihal tavdeg dropped into
place on oof of a building. The.package may.i cpﬁf the mixing plenum, by-pass dampers, fans,
motors, a J%Tsr%éeﬁ'féasab%%erc? ﬁ\gl%%salisg %Péegrr%%'zlje% a Ju% BiEhos Ilensc,p %C{gé 'F%teg(r)n%é%aé?%ésign may
readily allohatforetianepiendhimmn sl abicnl/ rep kicstaenpbane, brswelly fatsice thdRE86iThetoontrol

system fowéggﬁgge_g%J%twﬁggmmﬁq%s&gt%&kpractical, cost-efficient, and energy efficient

solution for applications having pollution abatement, re-entrainment, and odor control problems. The

control system nh#8dk uEticHigIHERs donstretonsy and yétroedaimedssgtrendyatarbeaist exethust gas
system mayedsed fol 3Ry RUILIRGOTFRGHLY. cdiRafer Sxamiple: nosRilRlsdofitarigsaisolation

rooms; clean rooms; biomedical facilities; research laboratories; pharmaceutical, chemical, and
petrocherHiR AT PRSI MaRRASUARTP ARt TRBHu GO R it hiESrsvrtitehareatioritsplants;
emergencyijliesskgeneiniatexipusican anyaihen factity whare 100% maKe-th air is desired/required.
[0087] While %Bc?ﬁgtrlt/ase t inver}ti%n has been 1ggll%;?‘cribed in connection with the exemplary embodiments

of the varidtis |gurelé€fp| A Rotimited HErtd &l it is to be understood that other similar embodiments

may be used or ri¥ghiicalionsoatd! agditio fis mxayuse gratie tgsthmdeasgiibedcdmbodinvents fost-

formi functi f.4 | deviating t from. Therefore, th
o A oS AT B B g, oo e

| So, the disc osed embodiments
should becatastfed todrislotiecotrad preiiemss dhel wmibddiriemsiel thevstdertibmewhich may be made

by those sk ifdhe Ak 1A dRRATINGIQMIREHERRI AR AGoRGA e RIBSBRL ention.
ams: building or facility, including for example: hospitals; infirmaries; isolation rooms; clean rooms;

biomedical facilities, research laboratories; pharmaceutical, chemical, and petrochemical
facilities; manufacturing facilities; production facilities; wastewater treatment plants; emergency
diesel generator exhaust; or any other facility where 100% make-up air is desired/required.
[6087] While the present invention has been described in connection with the
exemplary embodiments of the various figures, it is not limited thereto and it is to be understood
that other similar embodiments may be used or modifications and additions may be made to the
described embodiments for performing the same function of the present invention without
deviating therefrom. Therefore, the present invention should not be limited to any single
embodiment. Also, the disclosed embodiments should be construed to include other variants and
embodiments of the invention, which may be made by those skilled in the art without departing

from the true spirit and scope of the present invention.
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1. A control system configured to exhaust gas from a building of the type including ducting, a plenum
in fluid communication with the ducting, an exhaust fan configured to draw gas through the plenum so
as to discharge the gas through an outlet, and a variable speed fan drive that operates the exhaust fan
at variable speeds, the control system comprising: a first static pressure probe disposed in the
ducting and a second static pressure probe disposed in the plenum, the first and second static
pressurepiiaes operable to measure a static pressure of the exhaust gas, wherein the control system
receives inputs from the static pressure probes and controls the speed of the exhaust fan so as to
maintain a dischdygenisibgsitycot gasligtithe towttbtiust ga@ [rPireadontdobsyStbatypeiteduimgaim 1, further
comprisj lyrali iahl . ' %r ég num, and a
Cormesp e B e LB AT LR e

respectigesyhsiieh thapteuaosrel syduaingsritroesibrongableospebdifdn vrivade speedfaphe control
system egitad i plaim A NNeIeinREIR B! SRR AN AL SR S eQMVRRMLI G Rl AN, and wherein at

least one fan is operating and the control system maintains one fan in a standby mode. 4. The
control system recited fHC ISP GATBIR RTDR SisRRTE DM Hie SRFaNe 28f vGaeNd spiedrrsfidapproaches

and/or isaha MBKIAIR @.@@Iﬂa;dh@ HentFalsysiemns aanligied o BhRIgitR A roRdA@riaple speed
fan of the plurality of variable speed fans. 5. The control system recited in claim 1, further

comprisifia BHLe Yahsraharshsasavietr fie Aonr Ry e ErBG Y ent AR MeRiAtSir into the

plenum prdsareipifir contralsystemegipsasothidupass: dampes wheaiHid:exdadshgasdewds above the
minimumfexhau%t gas flow, and opens said bypass damper to maintain exhaust gas above said
minimurft £28 2605 REUSntrol system recited in claim 1, wherein the control system increases the
speed of the fan to increase the discharge velocity. 7. The control system recited in claim 5,
wherein a constafestatit gressererss itndintainen withthaheo duetiegpypinuditatingsaidebypeds damper.
8. The captrolsysiem (e ailRd ddeimd MNessinihe Gant by SRMLBaNES JiRUiRTom the static
pressure probes and controls the speed of the exhaust fan so as to maintain a minimum dis-charge
velocity wgﬁgge SPeRe Bt ves associated with the variable speed fans, respectively, such that the

control system controls the variable speed fan drives.

3. The control system recited in claim 2 wherein at least three fans are on a common the
plenum, and wherein at least one fan is operating and the control system maintains one fanin a

standby mode.

4. The control system recited in claim 2, wherein when one of the plurality of variable
speed fans approaches and/or is at a maximum speed, the control system is configured to

energize a second variable speed fan of the plurality of variable speed fans.

5. The control system recited in claim 1, further comprising a bypass damper disposed in
the plenum and configured to entrain ambient air into the plenum, wherein the control system
closes the bypass damper when the exhaust gas flow is above the minimum exhaust gas flow,

and opens said bypass damper to maintain exhaust gas above said minimum.

6. The control system recited in claim 1, wherein the control system increases the speed

of the fan to increase the discharge velocity.

7. The control system recited in claim 5, wherein a constant static pressure is maintained

within the ducting by modulating said bypass damper.
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9. The control system recited in claim 8, wherein the minimum discharge velocity is a minimum
pre-determined discharge velocity. 10. The control system recited in claim 1, wherein the control
system controls the speed of the exhaust fan so as to maintain a static pressure in the ducting. 11.
The control system recited in any one of claims 1, 2, and 4, wherein the outlet comprises an adjustable
outlet nozzle having an adjustable flow-through area. 12. The control system recited in claim 11,
wherein decred&sirg thatidwstheaughisnd i dbdinedseddhenfibw withd gascanddacreasesta fvedocity of the

gas exﬂ%ge thgcadljéjstable %utlet aozzlgol%qygelncre S th}g}flovg- hrough area.increases.the flow of the

gas and tecieases the velocity of the gas exiting the adjustable ou A s A

system décibeczinvelammykd, sahearédin dhdatontrol system further sends a signal to the adjustable nozzle
so as to control the flow-through area and maintain the discharge velocity of gas at the outlet. 14.

The_ control system.regiiesd Relaim-di.Mneieim 8t MRdupHbafARenenrized andiheispeed of the
fan is set to a minimum, andythe flow-through area is set to a minimum. 15. The control system

recited PUEERH R s BTERPRILAETERTg VRS demand causes the control system to increase the

flow-through area. 16. The control system recited in claim 15, wherein when the flow-through area
is at a maximuhg, e comirdlssystenecaad ésdaerspeetkofithbddantodheysasecontrold Theldpecontrol

system recited in claim 1 further comprising.. a.plurality of spaced apart wind band sections,
each Wiﬁ?d%%.ﬁx g%%%%ﬂ Oaa\‘/i’lrtlcé%at%%]a%ln%rs?éﬁﬁfﬁegsgrt%g%%eeéﬁa?g bottom end defining a bottom

opening, and one of more side walls disposed between and connecting said top end to said bottom
end: 11. The control system recited in any one of claims 1, 2, and 4, wherein the outlet

comprises an adjustable outlet nozzle having an adjustable flow-through area.

12. The control system recited in claim 11, wherein decreasing the flow-through area
decreases the flow of the gas and increases a velocity of the gas exiting the adjustable outlet
nozzle, and increasing the flow-through arca increases the flow of the gas and decreases the

velocity of the gas exiting the adjustable outlet nozzle.

13. The control system recited in claim 12, wherein the control system further sends a
signal to the adjustable nozzle so as to control the flow-through area and maintain the discharge

velocity of gas at the outlet.

14. The control system recited in claim 13, wherein at start-up, the fan is energized and

the speed of the fan is set to a minimum, and the flow-through area 1s set to a minimum.

15. The control system recited in claim 14, wherein increasing system demand causes the

control system to mcrease the flow-through area.

16. The control system recited in claim 15, wherein when the flow-through area is at a

maximum, the control system causes the speed of the fan to increase.

17. 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 outlet and extending generally upward therefrom;
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said plurality of wind band sections being disposed circumferentially and in vertical spaced relation
over said outlet and extending generally upward therefrom; wherein each wind band section
has a smallest diameter or width greater than a diameter or width of said outlet. 18. A building
exhaust system configured to control exhaust gas flow from a building, the exhaust system comprising:
ductwork configured to carry the exhaust gas; a plenum configured to receive the exhaust gas from the
ductwork;  at leastnRe:fascaupledima vatiahlBaspesd e diBethealiRiastrRefaReanfigured to

blow the exhaust gas out the puilding through an outlet; and a control system including: a first static
pressurglﬁ%%%rﬁfgﬁbdg.%g it %ttwork; a second static pressure probe disposed in the plenum,
the first and second static pressure probes operable to measure the static pressure of the exhaust
gas, wherein tH8.cohtidiingstehausicaiies mpdiguishicthentetic: pregstreprodfesmntubing hthe
variable spegd §9£{c9ﬁi¥8n§;9ri§ﬁxé9 maintain a discharge velocity of gas at the outlet.
ductwork configured to carry the exhaust gas;
a plenum configured to receive the exhaust gas from the ductwork;
at least one fan coupled to a variable speed fan drive, the at least one fan configured to
blow the exhaust gas out the building through an outlet; and
a control system including:
a first static pressure probe disposed in the ductwork;
a second static pressure probe disposed in the plenum, the first and second static
pressure probes operable to measure the static pressure of the exhaust gas, wherein the

control system receives inputs from the static pressure probes and controls the variable

speed fan drive so as to maintain a discharge velocity of gas at the outlet.

19. The building exhaust system as recited in claim 18, further comprising a plurality of
fans, each fan coupled to a variable speed fan drive, respectively, wherein the control system is

configured to adjust the fan speed of each fan independently.

20. The building exhaust system recited in claim 19, wherein when one of the plurality of
fans approaches and/or is at a maximum speed, the control system is configured to energize a

second fan of the plurality of fans.

21. The building exhaust system recited in any one of claims 18, 19, or 20 wherein the

outlet comprises an adjustable outlet nozzle having an adjustable flow-through area.

22. The building exhaust system recited in claim 21, wherein decreasing the flow-through
area decreases the flow of the gas and increases a velocity of the gas exiting the adjustable outlet
nozzle, and increasing the flow-through area increases the flow of the gas and decreases the

velocity of the gas exiting the adjustable outlet nozzle.

23. The building exhaust system recited in claim 22, wherein the control system further
sends a signal to the adjustable nozzle so as to control the flow -through area and maintain the

discharge velocity of gas at the outlet.
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19. The building exhaust system as recited in claim 18, further comprising a plurality of fans, each fan
coupled to a variable speed fan drive, respectively, wherein the control system is configured to adjust
the fan speed of each fan independently. 20. The building exhaust system recited in claim 19,
wherein when one of the plurality of fans approaches and/or is at a maximum speed, the control
system is configured to energize a second fan of the plurality of fans. 21. The building exhaust
system recitedan. ahy bmddafclaims 181 esc2@drhetsin 1k eHdeicamprisas, a-adjusiabie outlet
nozzle having an adé Sta@ﬁ flow- [o system recited in claim
e

an 1senergized a speed o H‘l%@gr{?saé t to azr%in-ll-h% bugﬁl'qﬂe h\%l}%} 3 ar 11
21, wherein décr smgl} ficthzt rough area decreases the fiow o ?heoga%a0 Fintréades a?velocity of

the gas axiimgnthe adjustable outlet nozzle, and increasing the flow-through area increases the flow of
the gas and decreases the velocity of the gas exiting the adjustable outlet nozzle. 23. The building

exhaust systemyegiied igla Righs Ve g LontEelizy §E€Wﬂb¥éﬁﬁfn§%9§@_s?&@ﬁ' denthfgadjustable

nozzle so as to control the flow -through area and maintain the discharge velocity of gas at the outlet.
24. The BUNERIBCSRMLE By etR A FOTRAY M RAN-TBOUHeHSH at start-up, the at least one fan is
energized and the speed of the fan is set to a minimum, and the flow-through area is set to a

minimum. 25 THashildislinegxbxinaystisysteai¢édifethiin Claimhdiniaeaithinflliteashineuglsiem

demandié:atuses the coné%)l system { increaset{lhe rov(Yg Eﬁg%{lﬁ?rea. 26. The building exhaust

ai a maximumnm CO & M Cause e cC O 1INCrease. .
system remteginln ({Palm’ y W ereerW enat‘ﬁesflow- rougn area IS at a maximum, the control system

causes the speed of the fan to increase. 27. A method of controlling a flow of exhaust gas from a

building of the &/pé Hasthnd af esmeebrgafton alickarimunfeanehwidinaeldbetrege Bdngt least one
fan configlirg toifares harxhatshaasHuR ke duating anf.theplenrmnadmit-thgpuilding, the

method comprising the steps of: ) o
force the exhaust gas through the ducting and the plenum, and out the building, the method

comprising the steps of’
sensing a static pressure of the exhaust gas both in the ductwork and in the plenum;
determining whether the sensed static pressure corresponds to an actual exhaust gas flow
rate that is above or below a minimum exhaust gas flow rate;
controlling the at least one fan to maintain the actual exhaust gas flow rate at or above the

minimum exhaust gas flow rate.

28. The method as recited in claim 27, wherein the at least one fan is coupled to a
variable speed drive configured to operate the at least one fan at variable speeds, the controlling
step further comprising varying the fan speed so as to maintain the actual exhaust gas flow rate at

or above the minimum exhaust gas flow rate.

29. The method as recited in claim 27, wherein the outlet comprises an adjustable outlet
nozzle having an adjustable flow-through area, the method further comprising the steps of
decreasing the flow-through area so as to decrease the flow of the gas and increase a velocity of
the gas exiting the adjustable outlet nozzle, and increasing the flow-through area so as to increase

the flow of the gas and decrease the velocity of the gas exiting the adjustable outlet nozzle.

30. The method as recited in claim 29, wherein the steps of decreasing and increasing the
flow-through area further comprise sending a signal to the adjustable nozzle so as to control the

flow-through area and maintain the discharge velocity of gas at the outlet.
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sensing a static pressure of the exhaust gas both in the ductwork and in the plenum; determining
whether the sensed static pressure corresponds to an actual exhaust gas flow rate that is above or
below a minimum exhaust gas flow rate; controlling the at least one fan to maintain the actual
exhaust gas flow rate at or above the minimum exhaust gas flow rate. 28. The method as recited
in claim 27, wherein the at least one fan is coupled to a variable speed drive configured to operate the
at least one faj atitariableodpsedd;dh enconiroling lstenfur thar-cpmixistng viimingthadadspeed so as
to maintain the aclal exhauist gas,fiow ale #l ol abovg dheinimum exhaust gas low ale,, 29
The mefiocFas recited In claim 27- wherein the outle comprises an acﬁ}&setab S outietnosz e“ﬁaving an
adjustabthedigivateoughrairsaundlove oo firthrez. comprising the steps of decreasing the flow-through
area so as to decrease the flow of the gas and increase a velocity of the gas exiting the adjustable

outlet nozzle, apd-jnereaging IheHouw-thranghArea seiasiainareastihe fiew Qfetl?&l%ﬁiﬁ@d decrease
the velocity of the gas exiting the adjustable outlet nozzle. 30. The method as recited in claim 29,

whereinstfi Sy sidudseasisgsied s dlenshy 88 #istv-through area further comprise sending a

signal to the adjustable nozzle so as to control the flow-through area and maintain the discharge
velocity of gas 3. thikecutkbtd as reGidediinelrieti3@o-dsrasitetldn tiaiitn30wiweteancati start-up, the

controlling step.includes energizing at least one of.the at.least one fan to operate.at a minimum speed
i sett e T e e B e
claim 3kwghlerein, with increasing system the controlling step further includes increasing the

flow-through area. 33. The method as recited in claim 32 wherein, when the flow-through area is

at a maximum sthergenicaiiaa stegdatnendnglvdasinereasinenths rRseshatrigastongRfithenat least
one fan. 34. The method as recited in_claim 27 herein, when the at least one fan is at a minimum

speed, P& NP IRHALTRASH IS MdnR A thbalisrurgs VERRK brgadtdba e ditet.
35. The method as recited in claim 29, wherein, when the flow-through arca is at a

minimum, opening a bypass damper to maintain the discharge velocity of gas at the outlet.

36. A control system configured to exhaust gas from a building of the type including
ducting, a plenum in fluid communication with the ducting, an exhaust fan configured to draw
gas through the plenum so as to discharge the gas through an outlet nozzle having an adjustable
flow-through area, and a variable speed fan drive that operates the exhaust fan at variable speeds;
the control system comprising:

a stafic pressure probe disposed in at least one of the plenum or the ducting, the
static pressure probe operable to measure a static pressure of the exhaust gas; and

a flow transducer, operable to determine flow rate through the ducting;

wherein the control system adjusts the flow-through area so as to maintain

constant pressure in the ducting and to maintain a discharge velocity of gas at the outlet.

37. The control system of claim 36, wherein the static pressure probe is disposed in the

ducting.

38. The control system of claim 36, further comprising a plurality of variable speed fans,
cach fan coupled to a variable speed fan drive, respectively, and configured to blow the exhaust
gas out the building, wherein the control system is configured to adjust the fan speed of each fan

independently.
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35. The method as recited in claim 29, wherein, when the flow-through area is at a minimum, opening
a bypass damper to maintain the discharge velocity of gas at the outlet. 36. A control system
configured to exhaust gas from a building of the type including ducting, a plenum in fluid
communication with the ducting, an exhaust fan configured to draw gas through the plenum so as to
discharge the gas through an outlet nozzle having an adjustable flow-through area, and a variable
speed fan drivé2h@hoperatéstherexifialssnfaf, atheaciabldasperdsf theptontiol sysiemeamplising: a
static prespure plobe dispased In ahieast on.ofdhe plenum.or e ducting, the staic preseure probe
operablento MeasuUre 4 Static pressure of the exhaus gas; &R0 a flow transadcer, operableto
determipé:fidity rafiéatisrough the ducting; wherein the control system adjusts the flow-through area so
as to maintain constant pressure in the ducting and to maintain a discharge velocity of gas at the

outlet.  37.sMNeiconirRlaxsieamQreialm 36 whetsirithe ARUGI 658 R RMeDA IS disegsed in the

ducting. 38. The control system of claim 36, further comprising a pI,uraIit?; of variable speed fans,

each fa'eddpreerissahrfianieldpeats ad Mrieesechrelneln ohy eshrytingdts Mbivthls egust gas
out the huilgingnwhereiRieEo bR sysiasTiseantigureddo adivslthadan spaerofeagh fan

independently. 39, The control system qf claim 38, wherein when one of the plurality of fans
approac éﬁegﬁ’ﬁ/&ﬁig%‘f‘ﬁ% theses Spiimg Hiee Bﬁf?BF%%%F%Z%IBnﬁgured to energize a second fan
of the plurality of fans. 40. The control system of claim 36, wherein decreasing the outlet nozzle
flow-through area decreases the flow of the gas and increases a velocity of the gas exiting the
adjustable outlet nozzle, and increasing the outlet nozzle flow-through area increases the flow of the
gas and decreases the velocity of the gas exiting the adjustable outlet nozzle.
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