EXHAUST FLOW CONTRCOL SYSTEM AND METHOD RELATED APPLI CATI ONS [ 0001] The
present application clains priority to U S. Provisional Application No.
61/ 185, 168, entitled "Exhaust System Control™, filed June 8, 2009, which
clainms the benefit of U S. Provisional Application No. 61/119, 716, entitled
"Exhaust Fl ow Control System and Method for Cooking Equiprent”, filed
Decenber 3, 2008, bEXHAUSTHIcOWaCONTROKE SYSTEM AND MIETHQDr ef erence in
their entirety. FIELD [0002] Enbodi nents of the present invention relate
generally to controlling exhaust air flowin a ventilation system More
speci fi cal IWMe to controlling the exhaust air flowrate
in an exhaust air ventilation system based on the status of a cooking
appl i ance. BA@@SJJ{HE) 100031 Exhaust ventil ation systens can be used to
remove funes i FGRIRTERMAPREFAION glotaT RItEW tyU-8 durYisignal pyptieatvaNoThese
systens are usual |y equipped with an exhaust hood positioned above the
cooki ng appllBaédes. @ng%cﬁghalish&’sﬁﬁw Rentead”, dasdalyse 8.128A9.twhieh ¢laimsvks f unes
fromthe area where the cooking appliance is used. Sone systens al so
i ncl ude marhsagfitef UstPervasional daplsetion Novtl/1d 2 1 o entikeligtharst Elops@ahtod change
the exhaust air flowin the system [0004] In order to reduce or
el i m nate t3ystefnamd Meiindl fot Geokieg EqupmndndhifitdDesegbardr 2008dbathinf whichaski ng it
may be hel pful to draw some of the air out of the ventilated space. This
may i ncr eagecorprgatedibareiy by aetargngatih dreirehtitehe cooki ng appl i ance or cooki ng
range. Therefore, it is inportant to control the exhaust air flowrate to
mai ntain enough air flowto elimnate fumes and other air contam nants,
whi | e reducﬁlﬂgsﬂ)r m ni mi zi ng energy | oss. SUMVARY [ 0005] One or nore
enbodi nents include a nmethod for controlling the exhaust flowrate in an
exhaust ventiigﬁh' on ﬁé%‘t)@m i ncl udi ng an exhaust hood E)osi ti oned above a
cooki ng appl i T PSBiE OF ths Present inyentiRodsigici asperally erpaeling e of the
exhaust air jn the vicinity of the exhaust hood, neasuring a radi ant
t enper at ur &XBFust Hieflewy Hea ntiliipn pystony Maye snepificgllp pmbeimensd kalatg toappl i ance,
determ ning an appliance status based on the neasured exhaust air
t enper at ur EonlRllingihe axhausteirpglovaraterie an exdus eitveilitiongysthie besedangke f | ow rat e
in response to the determ ned appliance status.

status of a cooking appliance.

BACKGROUND

[0003] Exhaust ventilation systems can be used to remove fumes and air
contaminants generated by cooking appliances. These systems are usually equipped with
an exhaust hood positioned above the cooking appliance, the hood including an exhaust
fan that removes fumes from the area where the cooking appliance is used. Some systems
also include manual or automatic dampers that can be opened or closed to change the

exhaust air flow in the system.

[0004] In order to reduce or eliminate the fumes and other air contaminants
generated during cooking it may be helpful to draw some of the air out of the ventilated
space. This may increase the energy consumption of the cooking appliance or cooking

range. Therefore, it is important to control the exhaust air flow rate to maintain enough air
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[ 0006] One or nore enbodi nents can include controlling the exhaust air flow
rate in an exhaust ventilation systemwhere the exhaust air tenperature
near the vicinity of the exhaust hood is measured using a tenperature
sensor. Enbodi ments can further conprise controlling the exhaust air flow
rate in an exhaust ventilation systemwhere the radiant tenperature in the
vicinity offi§we aRakitdnRRhd a6 nidBRSHEHhlSIettiR or inndrRg ehdrR)

sensor. Enbodi nents can further conprise controlling the exhaust arr flow
rate in an gxhaust ventilation system where the appliance status includes a
cooking state, an idle state and an off state. In a cooking state it can be
determ ned that there is a fluctuation in the radiant tenperature and the
mean radi arsUM®IRRYat ure of the cooking appliance, or that the exhaust
tenperature i s above a m ni mum exhaust tenperature. In an idle state, it
can be determined that there is no radiant tenperature fluctuation for the
duration of t {¥08bokKinegr monecrabudinhdémes iexlhdeistnethednfecatttniing the bxdmastt han a
predet erm ned m ni num exhaust tenperature. In an off state, it can be

det er mi ned fidvatatd inen rEnstadiilatitn dyelepandidingan sbh@shoddReitianddy ded £r m ned

m ni mum radi ant tenperature and that the exhaust tenperature is I|ess than
a predet er rdobedlg apllia@d THE Meth6dBAY iaéludEmdstisnd R mpBamrecihethaddt bir in
tenperature of the space in the vicinity of the cooking appliance.

[0007] Enbagé emits of &8 ekiHiubhRbd,GRMREHES AR GhddrAGre o Sre@XRANSSr Rithe T | OW
rate in an exhaust ventilation system positioned above a cooking appliance

where the exfamstsdd ookl j i ' ff, or
by changi ng tﬁ%§f§n gﬁ%e W%%%nfﬁ@&%ﬁ%%ﬁ%a%égﬁ#%%%ﬁ%gie a%%n%ﬁgmg%¥§%nined
appl i ance : i f i r-olling

t he ex haustSetx g%#%lf tgvreprglgl&ggilnr? ﬁgﬁ%&;ﬂﬁﬁg%ﬁdicﬁﬁﬁg@ @g%ﬁtg@g\?{%&dﬁed above
a cooking | ] re. XN flowrate is changed based on a
change in ?%%Og%gﬁ?gﬁggngngﬁgﬁéngﬂ%®E09] Enbodi ments can further conprise
controlling the exhaust air flow rate in an exhaust ventilation system

posi tioned abmegsia @R BYrARRJIBRGEs WA S Bude RENFIIMAURAL el 0WalialoS g Changed

bet ween a predeterm ned design exhaust air flow rate, a predetermned idle

exhaust ali n 5111 %a{lﬁtv@ntilgt% sgg}erﬂfvithe%ﬁgé&%%% %% ]tén@%n%\égé\?tngar tlllenvélﬁﬁf g{'t?lﬁ et o the

detected change in appliancé status. nments can r

compri se_cphil Adoids hBRuRINANSY Al th@WLAL BBl XNANh NG | On
system posi tioned above a cookrng appliance where the systemis ¢ary brat ed
before contr i aust flow rat.e. Enbodinents can further conprise
contr o |1 ngoprlBEHE AN RIv i Mk B TR D S Gy cE e

positionedtng¥% %.cookin ‘quliance where a difference between the exhaust
air tenperatrure and” gletvé(ﬂ’%g'r AU @O5YL SRR ARHT 1S IFRRECS WIBHR WHEFRRY of the
ventilation sys i.s measur.eq to determ ne appliance status. .
100111Enbo&???éﬁ§5§‘rp83wleflﬁrﬁaﬂé‘f“q€bﬂ’ﬁ?ﬁr§8 C%Wﬁ%ltﬁ‘i ‘ﬁ‘g‘a‘fsﬁ@f QHARE 2 r f1 ow
rate in an exhaust ventilation system positioned above a cookin% appl i ance
where the ESRRSHENULRERR PysisEevhee the appenesHRPhgcRieyacoglas seketkidles a
fluctuation in the radiant tenperature and the radiant tenperature is
greater tha&kteandrae e satenlna goking satedt cenibadstermineg dhah thereds a flietuatinnidn ng
appliance is in the idle state when there is no fluctuation in the radi ant
t enper at ur déhe rafigntthrapereivie ang theppsanaadiant itgnperatedy of i fcodting aplikken, ertibate i s no
fluctuation in the radiant tenperature and the radiant tenperature is |ess
than a m nitiembpese tetperatirnisdibowdi mimimte rRkuat temperature. [rLAR sErd)ddament s can
further conprise controlling the exhaust air flow rate in an exhaust

venti | at i orbe slystreinedihst thére iath rabiameaecrapaasioki figtuatiql foare dumkies ef thhe cooki ng
appliance is in the cooking state when the exhaust air tenperature is

greater thabolofig @tiand the eghalBtéipRticadRtehi NpddastiiatmhRRRe el Ee, the
cooking appliance is in the idle state when the exhaust air tenperature is

l'ess than thgppitdehenBinede, Bosh B REARh& that BOREIAL ML R tedfiFathREs ROOKI Ng
appliance isin the off state when the exhaust air tenperature is | ess than

a predeterq&ﬁ%ﬂx&ﬁﬁhﬂﬁkdBﬁﬂﬂﬁ&?&ﬂ%ﬁnmﬁgggﬂkﬂﬁﬁRﬁnﬁ%%x&ﬂ%%@ﬁﬁm%ﬂﬂﬂ@iSe

measuring the radiant tenperature using an Infrared sen



[ 0013] Enbodi nents can further conprise an exhaust ventilation system :

i ncl uding an exhaust hood nounted above a cooking appliance with an exhaust

fan for renoving exhaust air generated by the cooking appliance, at |east

one sensor for nmeasuring a radiant tenperature of the cooking appliance, at

| east one tenperature sensor attached to the exhaust hood for neasuring the

t enper at ur ge@fthdnEpredehamided dnbienPhifteRp&aRtd Qs fﬁ@%&hﬁa&ﬁe&%ﬁr@érﬁ%&&uﬁ status
a

of the cooking appliance based on the neasured radi ant tenperature and
exhaust airfyﬁﬂgg&ghq{q;-ﬁpgiﬁg SRR EXhaust air flow rate based on
sai d appliéﬁce tatusftlm 0%143(%nggg¥%enfé can further conprise an
infrared sensor for neasuring the radiant tenperature, a tenperature sensor

for measuringgob® exndédimehts cah BIFRRF efniiirRe ohtioNehEdxhbdsy aipFloh/Rfe fxhaust
hood, and a control nodule which can include a processor to determ ne the

status of tdﬁ%xﬁﬁﬁk@e‘ﬂﬂlaﬂ@xpé}jsé?g%)fié]ﬁﬂéh é%vgﬁ’%d’k‘iﬂg a?ﬁfr‘an%@:( %i?thef AWsf 4F € based

on the appliance status. Enbodi nents ¢ furt conprise a

control Mo Pis bt R hithidg WG LANAUSE oY ol 1l %\gaég{attggl ling a

speed of an exhaust ast one notori anci n nper attached to
t he exhausgdg%% rd;iotsf?io %Qsteﬁ%t}%b&éf’l H}gggﬁ‘)ql%ggesa hsqust air that enters a hood
duct . [ n vari ous emnbodi ments e control nodul e can further
control the exhaust air flowrate by controlling a position of the at |east

one not or i zed[gpasjAN EnBIHMIRGEN furthet Mdpfise E&Htﬁohﬁ{g hd\GhGRPLF ﬁbwgﬁgﬂl e can

determ ne the appliance status where the appliance status I ncludes a

cooki ng st at e, a8 ddlifs AR f ; [ t her
conprise a coﬁt%%ﬁenéﬁﬂﬁig%ﬁat ggﬁﬁ?%%gv?%§&§§ E%E@gyggﬁ%égﬁg&gégghanging

t he exhaust . bet ween a .design exhaust flow rate (Qdesign), an idle
exhaust fIoﬂv?/%%-elg?%%ﬁ?aé%a,se(gorlnda(éhﬁn%fl%%ex gﬁ%’icefsﬁaléj\ﬁi rate (0), based on a
change in the appliance status. [ 0018] Enbodi nents can further conprise

a control nodiogo)t hamtehaRgRTah ARHEXQRYRse Eérﬁﬁ@llfr%gﬁebég‘ﬂa&?§ihﬂ5lwgﬁgﬁyﬁ f1ow

rate (Qdesign) when the appliance is determ ned In the cooking state,

to idl - oS | 3P ' tined t
o o, Xt s ol B e R gLl 1 0

be inthe idle state, an e appliance

s deter i g £ DSkl BRALL o 83 Sminea £00 i EINRHTRALS, can {urt her

conprise a contro e that ernine a fruttuation in the

radi ant te . 020] ~Embodi nents.can further conprise a control
nodul e t ha?P %%%Eﬁ@? %lrdr%% ?1%9%%2 ﬂf) Weratg’oo iaﬁé)ﬁgeﬁ%fulsa%légow ?9?’ ﬁpﬁeﬁ%oné%t8 ki ng
st at e when a fLuc%#ation in the radiant tenperature and the

here is
r adi ant te#%@%g?ﬁp§h?§$é?39 !

BPCeSH a predet er mi ned ni ni mum r adi ant
tenperature, the cooking appliance is in the idle state when there is no

fluctuation i[’@ﬂi e Eﬂ@b@i?}ﬁgn{s%ﬁ’ﬁfrﬁ%%o%lprﬁygonttgaﬁin%%ekéxﬂgusﬁgph!)@@&g ir{. s in the

off state when there 1Is

an exhaust ventilation system positioned above a cooking appliance where the system is
calibrated before controlling the exhaust flow rate. Embodiments can further comprise
controlling the exhaust air flow rate in an exhaust ventilation system positioned above a
cooking appliance where a difference between the exhaust air temperature and a
temperature of ambient space in the vicinity of the ventilation system is measured to

determine appliance status.

[0011] Embodiments can further comprise controlling the exhaust air flow rate in

an exhaust ventilation system positioned above a cooking appliance where the cooking



fluctuation in the radiant tenperature and the radiant tenperature is |ess
than a m ni num predeterm ned radi ant tenperature. [ 0021] Enbodi nents can
“further conprise a tenperature sensor for neasuring an anbi ent tenperature
of the air in the vicinity of the ventilation system and a control nodul e
that can further determ ne a difference between the exhaust air tenperature

7l V1Ll i S e N0 R0 s SR o AR A
corm {56, SRl Ik R BB oSSR AR ETRS, S0

t he cooking state aus te %r equal

to a nmaxi redeter m.ned, anpi ent tenperature, the cooki appliance is in
the idle g@?’glngﬁ Ay E&dtﬁﬁg% sige P”thffé raRq eetalion ue FT t he

predet er mi ned naxi nu nbi ent tepperature, and the cooking appliance is in
the of f stg?@p%%gﬁ’?lwetﬁ AU 2PRIACE I Beofiate Yaen et 1§ ufluciiaipr et er ni ned
anbi ent tenperature. Enbodi ments can further conprise_a control nodul e that
control s tH8® @gwatfslﬁlp?fﬁww qngithe radipat teppratureds @ﬁﬁ%@n ainippmsefietermingd023)
Enmbodi ments can conprise a control nodule for controlling an exhaust flow
rate in an "BRAHIFRPEYE] | at i ng system conprising an exhaust hood positioned
above a cooking appliance, the control nodule conprising a processor for
det er mi ni ng alﬂgﬂ%it usmbbdinteatsson Rirthgr coppirisacogrollmg dhef axbawsosit flowlratain t he
exhaust flow rate based on the appliance status. [0024] In various
enbodi ment gntekkaugiorentiletiomsysighneposiondd abbhes cebingrapsliancowhéere keicogkiag exhaust
flow rate where the appliance status includes one of a cooking state, an

i dl e st at e applthnamisad fhesbalting stdih evhen thieeghausiiiub@peraire it bcBef the® bPdgusle
controlling an exhaust flow rate where the exhaust flow rate includes one

of a desi gno exhaingim pledttermahed nDias tediphrana®) thedRkRE AgpEhcd kMvhe alie (Q dle),
and an off exhaust flow rate. The control nodule can further conprise a

function t caewingahd Haex B usipetdt@wis 18dsehdn B dGeIBRaI MR YSbich] oW rate
to the idle exhaust flowrate and to the off exhaust flow rate. The control

modul e can téierdigte, ﬁﬁméo%ﬁing‘a?}gﬁaﬁjsé is ROhA BARRRAYEL, thl %ﬂaﬁsﬁ‘%ﬁ where in the
cooking state the control nodul'e changes the exhaust ow rate to the

desi g ai 1 QiR lSesd (Bl el Bt aQkiRg: SLAL changes
t he exhaust f}l%\géw r at gssto teﬂgei dl elexhaust ﬁngwﬁ%ug{?gn%ﬁglkﬁeﬁ{stcggﬁ%{b% state
the control Ll £ glgg.%ggg e to.t ff exhaust flow rate.

[ 00251 In \(/:gx??%us eédnbo |rrerr?ts %t%égggﬁer%kn%\r%dﬁff%&g%ﬁwfurther conpri se
controlling of3iha . r ere t.he processor.. determ nes the

appl i ance st gtﬂugﬁbyEﬁnﬁe)géldl%%ﬂ\{rslﬁﬁaﬁmg@rrrbﬁmenﬁfm? aépr%g ‘ésf U éllaglf’n PRETBRRNALE A r
generated hy _t.he._G ing appliance,..and by nmeasuring a radi ant tenperature
of the cooﬁ?{ﬁ%&gﬁﬁ ?é;ﬁgg?teggoo[vﬁﬁf%%l%a@pg%ﬁf o aﬁﬁé’?ﬁuét fjé%%)rffi??‘f% conpri se
control i ng aanstea>i<rhaustt f})ow{rate where t he grocessor et erm nes a cooki ng
state when PRESERESIEPed PY teghplapa tRilianesal §rasans SeAsA{or BIEaWEpar to a
predeterm ned maxi num anbient tenperature, an idle state when the exhaust
air terrperéa?ifﬁnéteflg’e‘ia&g%o th%\ﬁoqkl‘f@ applanse.-¢f [7AviQne IPRPEIHHAS seRpirafeched imper at ur e,
and an off state when the exhaust air tenperature is less than a

predet er mi HSF*E3St ke forangsanznahe temperapupgofthe pHigus et andla covidel neodoken f ur t her
conprise controlling the exhaust flow rate where the processor determ nes a
cooki ng st & ¢termans astasseofitle epoking eprlianerrs¢dron the meaicantdite iquepeattuce and
the radiant tenperature is greater than a predeterm ned m ni mum radi ant

t enper at ur and eyhaps hie tegtpgtaturavred td ¢efrel dnsexhausf dinflow adte baved on sdi@ r adi ant
tenperature, and an off state when there is no fluctuation in the radi ant

t enper at ur eprddcetsktusr adi ant tenperature is | ess than a predeterm ned

m ni num r adi ant tenperat ure. 10028] The control nodul e can further

conprise contfo@l4] i ngmbsdigxhacst fufth@womatie Ryl sQbdrifinésaRpade of an
exhaust fan attached to the exhaust hood for renoving the

radiant temperature, a temperature sensor for measuring the exhaust air temperature in the

vicinity of the exhaust hood, and a control module which can include a processor to



exhaust air generated by the cooking appliance, controlling an exhaust flow
rate by controlling a position of at |east one bal ancing danper attached to
t he exhaust hood, and controlling an exhaust flow rate where the control
nmodul e further calibrates the systembefore the controller controls the
exhaust flow rate. BRI EF DESCRI PTI ON OF THE DRAW NGS [0029] FIG 1 is a

per spect i vedgérpinetha@haibmhé 6tking abplidisd had ioNGnaR EXNAYSE n¥&Hhk bakhng
570

system posi tioned above a cooking appliance an aving an exhaust airflow
control systeme agaahdiog,d 0 various enmbodi nents; [0030] FIG 2 is a
perspective view diagranmatically illustrating an exhaust veng! | ati ng f
syst em havi ng ri ers; 0031] FI 3 1. | ock agram of an
exenpl ary exhﬁﬂg{spai f §|dg€vé$sa{arel’f%r(t)hﬁf roé?pnss%lgf(é‘%oll Hlogglgg}?agﬁ?m’éﬂ%i‘?h t he

di scl osure; hart. illustrating an exenplary

0.0?2%!{ FIF\ 4 is.a flo
exhaust floR°F %StL &r CBK TPy ﬁ%‘{“i@algécsl?ﬁ\é{d%%ﬁﬁ exhgustfpn Gleast SRAtRAR s f
[0033] FIG S fl ow diagram of an exenplary start-up routine of at .
| east one e%ﬁ‘“ﬁgﬁ'f’p%apﬁc%ﬁ? t%@? Fraatst haedbiegenizol garpereo the exhasar et G 6 i s
a flow di agram oé a check routine of at |east one enbodinent with a single.
hood and nc®™fEhpeetduct. 0035] FIG 7 is a flow diagram of a checking
routine of at |east one embodinment with nultiple hoods, one fan and
mot ori zed damffél Invabysembeigentgthesonird! mowulgicag futhenfontroktht pxheatti on
routine for at |east one enbodinment with a single hood, single fan and no
nmot ori zed Cp&qq%(@y rate by controlling a position of the at least one motorized balancing damper.
[0017]  Further the control module can determine the appliance status where the
appliance status includes a cooking state, an idle state and an off state. Embodiments can
further comprise a control module that controls the exhaust flow rate by changing the
exhaust flow rate between a design exhaust flow rate (Qdesign), an idle exhaust flow rate
(Qidle), and an off exhaust flow rate (0), based on a change in the appliance status.
[0018] Embodiments can further comprise a control module that changes the
exhaust flow rate to design exhaust flow rate (Qdesign) when the appliance is determined
to be in the cooking state, to idle exhaust flow rate (Qidle) when the appliance status is
determined to be in the idle state, and to the off exhaust flow rate when the appliance is
determined to be in the off state.
[0019] Embodiments can further comprise a control module that can further
determine a fluctuation in the radiant temperature.
[0020] Embodiments can further comprise a control module that can determine that
the cooking appliance is in the cooking state when there is a fluctuation in the radiant
temperature and the radiant temperature is greater than a predetermined minimum radiant

temperature, the cooking appliance is in the idle state when there is no fluctuation in the

radiant temperature, and the cooking appliance is in the off state when there is no



[0037] FIG 9 is a flow diagramof a calibration routine for at |east one
enbodi mrent with nultiple hoods, one fan and no notorized danpers; [ 0038]
FIG 10 is a flow diagramof a calibration routine for at |east one

enbodi ment with one or nultiple hoods, one fan, and notorized danpers;
100391 FIG 11 is a flow diagramof an operation routine for at |east one

embodi ment  Mckiagei in'thé Rhiadegmbah@nCind GhetadBeT SmperatuleQORY thid Hninkduins a 1 ow
di agram of an operation routine for at |east one enbodinment with notorized

bal anci ng dasR@sMined radiddPélpefabfee. 13 is a bl ock diagram of an exenplary
exhaust flow control systemin accordance with the present disclosure;

90423 F1, o fnh 2 ohoalod 8t ot s s oot (L gppp o

systemin accordance wth the presen 15 is

| ock di f, t rol t i dance
i tn rhe pri i i R SR Bt B DU o B BB T gt o

FIG 1, there,is,sho n enpl ary.exhayst ventil ati on system 100

i ncl udi ng éﬁm%%%%ﬁg?xﬁgglr%%%g§5§V¥ﬁ§ﬁ@§H§§gﬁgﬂ§‘ﬁﬁﬂVETT?ﬁmgﬁmgbﬁgtrg

appl i ances 115 a rovided jn co ni cati on wi th an exhaust assenbly 145
tﬁfough an AIRA e fopd %&dﬁ%ﬁ%ﬁ%@m%ursw thp dicy of e vRBYator0s may
be generally rectangul ar but can have any ot her desired shape. Walls of the
hood 105 de¥i'f& an interior volume 185, which communicates with a
downwardly facing bottom opening 190 at an end of the hood 105 that is
posi ti oned ovi02 heE@&BQWW@“&B@%F&%&%&ﬂE@%?Cwﬁ@lmﬁ@éﬁﬂ@tmv@hwmﬁtWQS can

the cooking appliance is in the cooking state when the exhaust air temperature is greater
than or equal to a maximum predetermined ambient temperature, the cooking appliance is
in the idle state when the exhaust air temperature is less than the predetermined maximum
ambient temperature, and the cooking appliance is in the off state when the exhaust air
temperature is less than a predetermined ambient temperature. Embodiments can further
comprise a control module that controls the exhaust flow rate after the system is
calibrated.

[0023] Embodiments can comprise a control module for controlling an exhaust
flow rate in an exhaust ventilating system comprising an exhaust hood positioned above a
cooking appliance, the control module comprising a processor for determining a status of
the cooking appliance, and for controlling the exhaust flow rate based on the appliance
status.

[0024]  In various embodiments the control module can further comprise
controlling an exhaust flow rate where the appliance status includes one of a cooking
state, an idle state and an off state. The control module can further comprise controlling
an exhaust flow rate where the exhaust flow rate includes one of a design exhaust flow

rate (Qdesign), an idle exhaust flow rate (Qidle), and an off exhaust flow rate. The control



al so communi cate with the exhaust assenbly 145 through the exhaust duct
110. The exhaust duct 110 can extend upwardly toward the outside venting
envi ronnment through the exhaust assenbly 145. [ 0045] Exhaust assenbly
145 can include a notorized exhaust fan 130, by which the exhaust air
generated by the cooking appliances 115 is drawn into the exhaust duct 110

and for expabduld\gunifiiier thapNtaShkl@ioN & \HaRg: BOMHAGR MBRiratdiRmh hbgesidmt or of
t he exhaust fan 130 is running, an exhaust air flow path 165 is established

bet ween t hexhARKNHY rAPR theMESchddsP 180 datl BRI QWS ElS SR L IGaE NMler ONMENt . As
the air is pulled away fromthe cook top area, funmes, air pollutants and

ot her air ! %R i I i I ronment
Chrough t he mahanar s St ahaRe e En ok B RS, B “mre
exhaust ventij:ati c [t h ihgl ud ontrol .modul e 302

whi ch pr of ook A8 R EhE0L A E A A kLT B Riad S oRapeRan y
coupl ed to,. and,recei.ves data fr a pluraljty of sensors and js

confi gur ed lflgheclg%tc% g ffs%te g'ﬁecgatr@%qdﬁlgc &t ihfgﬁhaélﬁt Eat?ta??‘el%, which in
turn regul at es e exhaust air_.flowrate in the system 100. The control
modul e 302 O BT R MR R AEF S e p el ﬁ‘i‘é’éiagt?él%&s e

t enperature sensor 125 positioned on or in the interior of the exhaust duct
110, and t H& SdPpLflo8rattnfrared (IR) radiant tenperature sensors 120, each
positioned to face the surface of the cooking appliances 115. In at |east
one enbodi ment002%lhr dxvarus enbediments the carira) moppls whribethercwotprisne posi ti oned
above a respective cooking appliance 115, so that each |R sensor 312 faces
a respect i FenEQJERE Hexbayst g@‘é ratg Yhereidharesessondstemmingsghe apptiatop peiusbyl R
sensors 120 and any nunber of cooking appliances 115 nmay be used, as |ong
as t he radimgsuingmpambiant emperapacdl thoodbany ais gedeadal bystheledoktgeghpliabice, cont r ol
nodul e 302 comruni cates with sensors 125 and 120 and identifies the cooking
appl i ance shdbusebasieg aonlidnh engernaoe of thadiokiig. applhwcst at us of t he cooki ng
appliances 115 is determ ned based on the exhaust air tenperature and the
radi ant t enpej0fzélr e Theowed] msdulg cilRerfuhbiif] ®nelligcidéGaust flowk@0471 The
control nodul e 302 communi cates with the notorized exhaust fan 130 which

incl udes a vapeaate pEBEskE! detBditeea sibkihg@ftawNathadlhgust ke @rgRexwERd Ve (VFD) to
control the speed of the notor, as well as one or nore notorized bal anci ng

danper s ( Blgeale?¢haR @8 bduiaPREChrERAImIHRE nRX MRS AmBitertdPatutNG @REHO! nodul e
302 can determ ne a cooking appliance status (AS) based on the exhaust

tenper at ur evte8 ARQkhAdPaiPRApEARId R1d:88ARle h&IREL ALY LGRS Qhbils0 out puts,
and change the exhaust fan 130 speed as well as the position of the

mot ori zed Bahanel Nt AANRE! il Rfed Be LSRRG Rr4E el e ned cooki ng
appl i ance st at us (AS). For exanp e? t he codfﬁhd%agﬁgf%nce‘115 can have a

cooki Ng st At L feAnzd doibi tate (AS = 2) or an OFF state (AS = 0).
The status%ofea CS%i%%dmgg%? 5%33'115 can be determ ned based on

tenperature te h aust. tenperature sensors 125 d the IR
sensors 120.qﬁggﬁrd?%€&¥%05§§%g%gﬂgﬁ%%ﬁf%ﬂﬁ??FOWﬁgEﬁgiﬁ8§m5§%%NP@W t he
appl i ance stat AS) is determned. is shown in Figures 4-12 and di scussed
in detail 5%?%ﬁﬁeé8?%ﬂn5ﬁwFﬂ@eﬁ%V@ Wﬁﬁ@&‘gﬁﬁﬂﬁﬁﬁﬁé' gpiin pAg radigfle cont r o
nodul e 302 sel ects a fag§§£eed and/ or a bal anci ng danper position in the
system so TTRRCTAE 2R ths dRciant fegperatire S saes S50 Rdscdetsraingd BuRiBuEAfiARd
exhaust flow rate associated with a particular appliance status (AS).
[0048] Ref &TReRjuEnpfigstate whendbwo isdodisdionsnthegpdiapt tenpraaiste, i | at i on
system 200 i s shown having a plurality of exhaust hoods 105" which can be
posi t i oned oHistAeWbmehee isnsr fluctstr mghapdlantinopaattesnd depediditng on t he si ze
of the cooking equipnment). The system 200 can include at |east one exhaust
t enper at ur éenysrador is126 thayra pedsterpinet heninespedibitenpoads. 105', as wel |l as at
| east one pressure transducer 155 connected to each of the respective hood
tab ports (TAB)28]Edidk cofitrd] hevdekhvan Sirthoathpiisetmtrblibg aanxliangl flaterag yyot or i zed
bal anci ng danper 150. The bal anci ng danpers 150 can be positioned at the
respect i vectondimgucisedloOn akihubEin Aehddds tatxBalstidioafol BAbviRg @l des danper
position feedback. The system 200 can also include at |east one IR sensor
312 positioned so that it detects the radi ant tenperature of respective
cooki ng surfaces. An exhaust fan 130 can be connected to the exhaust
assenbly 145 to all ow exhaust air to be noved away fromthe cook-tops into
t he surroundi ng outside venting environnent. An additional pressure
transducer 140 can be included to nmeasure the static pressure in the main
exhaust duct that is part of the exhaust assenbly 145, as well as a
plurality of grease renoving filters 170 at the exhaust hood 105 bottom
opening 190 to renove grease and fune particles fromentering the hood

‘. oA~ ~ A P~



[ 00501 In various enbodi ments, the sensors 308-314 can be operably coupled
to the processor 304 using a conductive wire. The sensor outputs can be
provided in the formof an analog signal (e.g. voltage, current, or the
like). Alternatively, the sensors can be coupled to the processor 304 via a
digital bus, in which case the sensor outputs can conprise one or nor e
words of di ikt ait BnBhafER Iy ARk cobRitio APRIRGEe, @BHrdPRR dnl RO ovE

tenperature sensors 314 and radi ant tenpérature sensors (IR sensors) 312

b d
oods: hood Lar oy S Ghr b aaoH FRCLeant ARpARR L AREER SARANAE AT

th t t f
LT fc%rﬁahﬁr&ra@zust@ﬁ»gtrg%t%@%a&ngrl oD TP,
t enper at ur ggthe ventil ation SySt6ﬁ1IS det ect ed.

The nunberqgﬁ)e%%§?$f f HBFt? QY¥sensors 308 can al so be varied

as long as they are |nstaIIed in the hood duct in close proximty to the
exhaust fagiid HRSORIPHGN DieTakD) ure (Pst) in the mai n exhaust
duct. Al sensUrs"are—exenptary—andgéﬁgigggre any known type of sensor nay
be used to fulfill the desired function. In general, the control nodul e 302
can be coupl efor®) SeNSOris aPBpethide ARG dﬁ%@axﬂiﬁétgzraﬁy ﬁl%@tra@ﬂg aflaMagss 318 by any

suitable wired or wirel ess |ink. I n various enbodi nents, nultiple

control m)%ﬁﬂﬁtl%s@ﬁrbogﬁoﬁd%ﬁb%oom@ ag?(lﬁ‘ﬁc@aﬂ]q HAVHER &4 eyg-fausq QﬂﬁS\Q | nodul es

302 and their location’in the system may vary pendi ng on the
conplexity g £ B he nunber of above enunerated
sensors ané:?ﬁ%i?g%oég%rﬁﬂgwa%ﬁlgn a%gls k 100521 As nenti oned above,
the control nodul e 302 preferably contains a processor 304 and a nenory

306, which camobg cmugslaeelrst»&up@rltwdmgmenmaw WhustHRE b etﬁaugescrl bed
herein. In various enbodi nents the nenory 306 can store a of

appropri at gehfiRiit o ?g&hgghggnmgﬁggggénﬁgglabIes process control set points
as well as calibration set points for each hood. These stored variabl es can
be used by the processor 304 during the different stages of the check,

cal i bration, @osit]st &IG.-3upablodk Giagias ofad evehplagexbilisi HOGPefaddn@dl of t he
system [ 0053] In various enbodi nents, the processor 304 can execute a
sequence ofsyf&d e aRvmehde R tHetikapsrst ored on a conputer readabl e nmedi um
(e.g., electronic nenory, optical or magnetic storage, or the like). The

i nstructions, when executed by the processor 304, cause the processor 304
to perform t hi@032]ncFlbriss d dlserdhbxe dlusextmignn efdneplanyskhanst lownstenmyitrle st or ed
in the nenory 306, or they may be enbodi ed in anot her processor readable
medi um or natlcgbearding anvdrioes @abodihentgr ocessor 304 can be i npl enent ed usi ng
a mcrocontroller, conputer, an Application Specific Integrated Crcuit
(ASIC), or di screte | ogi ¢ conmponents, or a conbination thereof 100541 In
vari ous enbodi0fEHt , Fithe lpﬂ@@esb&“graregﬂamfainmalawtmeunwphedf at teast opt at us

i ndi cator or dlsplay device 317, such as, for exanple, a Liquid Crystal

Di spl ay (L@Bﬁp&ﬁmntwmhgnwﬁmmnzmgnmﬁcdmn@merror codes and ot her nessages to a
user. The indicator 317 can al so include an audible indicator such as a
buzzer, bell, alarn% or the Ilike. [ 00551 Wth respect to FIG 4, there

i s shown an R8I aFIF-beis hEawalrmram ebr eicllgravging efat fnast copbotiodiemtavitiThe

nmet hod 400 beglns at S405 and continues to S410 or S425 to receive an
exhaust ai e singlrdopdend eo dammets;or a pressure sensor input and to 5415 and
S420 to receive an anbient alr tenperature i nput and an infrared sensor

i nput. Control continues to 10056] At S430, the current exhaust
flowrate (QIOPIget¥t r%lﬁé&OWde%r%Pf L eek g Edtingotan imst one emboBmentar  S435,
the current exhaust flowrate is conpared to the desired exhaust flow rate.
| f the det &fithirmdtple kpedisenerfposprdraeterized d84BGsi s t he desired exhaust flow
rate, control restarts If the determ ned exhaust flow rate at S430 is not
the desired e B { control proceeds to S440 or $S450, based on
systentconfidﬁ ohlq 1§a OYWh%$¥%Pf%%ﬁbﬁﬁﬁﬁer@n%?%ab@@%%ﬁt then contro

proceed to $450, but if no notorized danpers are present then control
proceeds t gm\b,gfd;gx)ent with a single hood, single fan and no motorized dampers;




100581 Based on configuration, the danper(s) position is determ ned at S$S450
or the exhaust fan speed is determ ned at S440. Based on the different ]
options at S440 and S450, the control proceeds to output a danper position
command to the danper(s) at S455 or an output speed conmand to the exhaust
fan at S445. The control can proceed then to determ ne whether the power of

the cooking amoB7anGeGi $isefffowtdiaS4@Qf a calivMtaRoGas Sorldd RafBhbod 400 ends at
S465, or to start the nmethod again if power is determned to still be on at

5460, 10ARQN:RAL IR nRRSHIEAIRD ork B SUSH &0 a2Rfl.can be checked and

calibrated by the control nodule 302 during the starting process, in order
to bal ance each hood to a preset design and idle exhaust flowrate, to

cl ean and recpl0B8ir atFeG1 Hais 8 ElosQliggrarh b NELBESBA Youtiad thrble@¥ dhdlat e each
conponent in the systemfor possible malfunction or breakdown. The

appr opr i at @nfodiBnd iR BhSorGANPIE hdbBPSRURS aRDnRMbrkt iRl ay in case there
is a malfunction in the system to informan operator of the malfunction

and, optionally, how to recover fromthe nal function. [ 0060] For

exanpl e, the P39l &Y. dribediowelidgradef & dpaetisy sdutife fRet ket baedes singl e or
mul ti ple hoods connected to a single exhaust fan 130, and w thout notorized

bal anci ng dapehten{ Bioul bdtorizb&bAaRIHzampadyl € 302 may include a |ist of
the foll owi ng exanples of variables for each hood, as set forth below, in
Tables 1-4: Table 1 Hood set point list (which can be preset) Paraneter
nane & units P8#Yul FlG.al2iea Nowelagohe sf grypecation routine for at least one

embodiment with motorized balancing dampers;

[0041] FIG. 13 is a block diagram of an exemplary exhaust flow control system in

accordance with the present disclosure;

[0042] FIG. 14 is a block diagram of an exemplary exhaust flow control system in

accordance with the present disclosure; and

[0043]  FIG. 15 is a block diagram of an exemplary exhaust flow control system in

accordance with the present disclosure.

DETAILED DESCRIPTION

[0044]  Referring to FIG. 1, there is shown an exemplary exhaust ventilation system
100 including an exhaust hood 105 positioned above a plurality of cooking appliances
115 and provided in communication with an exhaust assembly 145 through an exhaust
duct 110. A bottom opening of the exhaust hood 105 may be generally rectangular but
can have any other desired shape. Walls of the hood 105 define an interior volume 185,
which communicates with a downwardly facing bottom opening 190 at an end of the

hood 105 that is positioned over the cooking appliances 115. The interior volume 185 can



Kf

Kidle 0.2 KkFilterMssing 1.1 KkFilterC ogged 1.1

also communicate with the exhaust assembly 145 through the exhaust duct 110. The
exhaust duct 110 can extend upwardly toward the outside venting environment through

the exhaust assembly 145.

[0045] Exhaust assembly 145 can include a motorized exhaust fan 130, by which
the exhaust air generated by the cooking appliances 115 is drawn into the exhaust duct
110 and for expelling into the outside venting environment. Wh-en the motor of the
exhaust fan 130 is running, an exhaust air flow path 165 is established between the
cooking appliances 115 and the outside venting environment. As the air is pulled away
from the cook top area, fumes, air pollutants and other air particles are exhausted into the

outside venting environment through the exhaust duct 110 and exhaust assembly 145.

[0046] The exhaust ventilating system 100 can further include a control module
302 which preferably includes a programmable processor 304 that is operably coupled to,
and receives data from, a plurality of sensors and is configured to control the speed of the
motorized exhaust fan 130, which in turn regulates the exhaust air flow rate in the system
100. The control module 302 controls the exhaust fan 130 speed based on the output of a
temperature sensor 125 positioned on or in the interior of the exhaust duct 110, and the
output of infrared (IR) radiant temperature sensors 120, each positioned to face the
surface of the cooking appliances 115. In at least one embodiment, three IR sensors 120
can be provided, each one positioned above a respective cooking appliance 115, so that
each IR sensor 312 faces a respective cooking surface 115. However, any number and
type of IR sensors 120 and any number of cooking appliances 115 may be used, as long
as the radiant temperature of each cooking surface is detected. The control module 302
communicates with sensors 125 and 120 and identifies the cooking appliance status based

on the sensor readings. The status of the cooking appliances 115 is determined based on

10



Patm "Hg 29.92 Calculated for jobs with el evati on above 1000 ft. dTcook, F
10 dTspace, F 10 Tnmax, F 110

the exhaust air temperature and the radiant temperature sensed using these multiple

detectors.

[0047]  The control module 302 communicates with the motorized exhaust fan 130
which includes a speed control module such as a variable frequency drive (VFD) to
control the speed of the motor, as well as one or more motorized balancing dampers (BD)
150 positioned near the e;(haust duct 110. The control module 302 can determine a
cooking appliance status (AS) based on the exhaust temperature sensor 125 and the IR
radiant temperature sensor 120 outputs, and change the exhaust fan 130 speed as well as
the position of the motorized balancing dampers 150 in response to the determined
cooking appliance status (AS). For example, the cooking appliance 115 can have a
cooking state (AS = 1), an idle state (AS = 2) or an OFF state (AS = 0). The status of a
cooking appliance 115 can be determined based on temperature detected by the exhaust
temperature sensors 125 and the IR sensors 120. According to various embodiments, the
method by which the appliance status (AS) is determined is shown in Figures 4-12 and
discussed in detail below. Based on the determined appliance status (AS), the control
module 302 selects a fan speed and/or a balancing damper position in the system so that
the exhaust flow rate corresponds to a pre-determined exhaust flow rate associated with a

particular appliance status (AS).

[0048]  Referring to FIG. 2, a second embodiment of an exhaust ventilation system
200 is shown having a plurality of exhaust hoods 105 which can be positioned above one
or more cooking appliances 115 (depending on the size of the cooking equipment). The
system 200 can include at least one exhaust temperature sensor 125 for each of the
respective hoods 105°, as well as at least one pressure transducer 155 connected to each
of the respective hood tab ports (TAB). Each of the exhaust hood ducts 110 can include a

motorized balancing damper 150. The balancing dampers 150 can be positioned at the

11



Tfire, F 400 Set to be at |eastOF below fuse |ing tenperature Ti neCook, s
420 TimeOR, s 60 dTIRmax, F

respective hood ducts 110 and may include an actuator that provi;_ies damper position
feedback. The system 200 can also include at least one IR sensor 312 positioned so that it
detects the radiant temperature of respective cooking surfaces. An exhaust fan 130 can be
connected to the exhaust assembly 145 to allow exhaust air to be moved away from the
cook-tops into the surrounding outside venting environment. An additional pressure
transducer 140 can be included to measure the static pressure in the main exhaust duct
that is part of the exhaust assembly 145, as well as a plurality of grease removing filters
170 at the exhaust hood 105 bottom opening 190 to remove grease and fume particles

from entering the hood ducts 110.

[0049] FIG. 3 shows a schematic block diagram of an exhaust flow rate control
system 300 that can be used in connection with any of the above shown systems (e.g., 100
and 200). As shown in FIG. 3, the exhaust flow control system 300 includes a control
module 302. The control module 302 includes a processor 304 and a memory 306. The
control module 302 is coupled to and receives inputs from a plurality of sensors and
devices, including an IR sensor 312, which can be positioned on the exhaust hood canopy
105 so that the IR sensor 312 faces the surface of the cooking appliance 115 and detects
the radiant temperature emanating from the cooking surface, an exhaust air temperature
sensor 125 installed close to a hood duct 110 to detect the temperature of the exhaust air
that is sucked into the hood duct 110, an ambient air temperature sensor 160 positioned
near the ventilation system (100, 200) to detect the temperature of the air surrounding the
cooking appliance 115, a pressure sensor 155, which can be positioned near a hood tab
port (TAB) to detect the pressure built-up in the hood duct 110, and optional operator
controls 311. Inputs from the sensors 308-314 and operator controls 311 are transferred to
the control module 302, which then processes the input signals and determines the

appliance status (AS) or state. The control module processor 304 can control the speed of

12



Table 2 List of process control set points Paraneter name & units Default
value Notes IRl _Derivative_Max_SP -1C/sec Derivative for Flare-up Set Point
| Rl _Derivative Mn_SP
the exhaust fan motor(s) 316 and/or the position of the motorized balancing dampers 318
(BD) based on the appliance state. Each cooking state is associated with a particular
exhaust flow rate (Q), as discussed below. Once the control module 302 determines the
state the is in, it can then adjust the speed of the exhaust fan 316 speed and the position of

the balancing dampers 318 to achieve a pre-determined air flow rate associated with each

appliance status.

[0050] In various embodiments, the sensors 308-314 can be operably coupled to
the processor 304 using a conductive wire. The sensor outputs can be provided in the
form of an analog signal (e.g. voltage, current, or the like). Alternatively, the sensors can
be coupled to the processor 304 via a digital bus, in which case the sensor outputs can
comprise one or more words of digital information. The number and positions of exhaust
temperature sensors 314 and radiant temperature sensors (IR sensors) 312 can be varied
depending on how many cooking appliances and associated hoods, hood collars and hood
ducts are present in the system, as well as other variables such as the hood length. The
number and positioning of ambient air temperature sensors 310 can also be varied as long
as the temperature of the ambient air around the ventilation system is detected. The
number and positioning of the pressure sensors 308 can also be varied as long as they are
installed in the hood duct in close proximity to the exhaust fan 130 to measure the static
pressure (Pst) in the main exhaust duct. All sensors are exemplary and therefore any
known type of sensor may be used to fulfill the desired function. In general, the control
module 302 can be coupled to sensors 308-314 and the motors 316 and dampers 318 by

any suitable wired or wireless link.

[0051] In various embodiments, multiple control modules 302 can be provided.

The type and number of control modules 302 and their location in the system may also
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300 sec Derivative for IR Index Drop Set Point IRl _Drop_SP1 1C IR | ndex
Drop Set Point IRL_Filter_Time 10 sec IR Signal Filter Time Set Point
IRl _Junp_SP 1C IR Signal Junp Set Point (for flare-up) IR _Start_ SP

vary depending on the complexity and scale of the system as to the number of above

enumerated sensors and their locations within a system.

[0052]  As mentioned above, the control module 302 preferably contains a
processor 304 and a memory 306, which can be configured to perform the control
functions described herein. In various embodiments the memory 306 can store a list of
appropriate input variables, process variables, process control set -points as well as
calibration set points for each hood. These stored variables can be used by the processor
304 during the different stages of the check, calibration, and start-up functions, as well as

during operation of the system.

[0053] In various embodiments, the processor 304 can execute a sequence of
programmed instructions stored on a computer readable medium (e.g., electronic
memory, optical or magnetic storage, or the like). The instructions, when executed by the
processor 304, cause the processor 304 to perform the functions described herein. The
instructions may be stored in the memory 306, or they may be embodied in another
processor readable medium, or a combination thereof. The processor 304 can be
implemented using a microcontroller, computer, an Application Specific Integrated

Circuit (ASIC), or discrete logic components, or a combination thereof.

[0054] In various embodiment, the processor 304 can also be coupled to a status
indicator or display device 317, such as, for example, a Liquid Crystal Display (LCD), for
output of alarms and error codes and other messages to a user. The indicator 317 can also

include an audible indicator such as a buzzer, bell, alarm, or the like.

[0055]  With respect to FIG. 4, there is shown an exemplary method 400 according
to various embodiments. The method 400 begins at S405 and continues to S410 or S425

to receive an exhaust air temperature input or a pressure sensor input and to S415 and
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30C IR Signal Start Cooking Equi prent Set Point | R2_Cooking Tinerl 420 sec.
Cooking Tinmer Set Point for IRL Field of View IR2_Derivative_Mix SP 1C/ sec
Derivative for Flare-up Set Point IR2 Derivative Mn 5P -1C/ sec Derivative
for IR Index Drop Set Point |R2_1Drop_SP1

S420 to receive an ambient air temperature input and an infrared sensor input. Control

continues to S430.

[0056] At S430, the current exhaust flow rate (Q) is determined. Control continues to

S435.

[0057] At S435, the current exhaust flow rate is compared to the desired exhaust flow
rate. If the determined exhaust flow rate at S430 is the desired exhaust flow rate, control
restarts. If the determined exhaust flow rate at S430 is not the desired exhaust flow rate,
control proceeds to S440 or S450, based on system configuration (e.g., if motorized
dampers are present then control proceed to S450, but if no motorized dampers are

present then control proceeds to S440).

[0058] Based on configuration, the damper(s) position is determined at S450 or the
exhaust fan speed is determined at S440. Based on the different options at S440 and
5450, the control proceeds to output a damper position command to the damper(s) at
S455 or an output speed command to the exhaust fan at S445. The control can proceed
then to determine whether the power of the cooking appliance is off at S460, in which
case the method 400 ends at S465, or to start the method again if power is determined to

still be on at S460.

[0059] Before operation, the system 100, 200 can be checked and calibrated by the
control module 302 during the starting process, in order to balance each hood to a preset
design and idle exhaust flow rate, to clean and recalibrate the sensors, if necessary, and to
evaluate each component in the system for possible malfunction or breakdown. The
appropriate alarm signals can be displayed on an LCD display in case there is a
malfunction in the system, to inform an operator of the malfunction and, optionally, how

to recover from the malfunction.
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1C IR Index Drop Set Point IR2 Filter _Tine 10 sec IR Signal Filter Tinme Set
Point I R2 Junp_SP 1C IR Signal Junp Set Point (for flare-up) PID Cal _K 0.5
% CFM PI D Proportional Coefficient in Calibration Mode PID Cal T
[0060] For example, the exemplary embodiment where the system 100 includes
single or multiple hoods connected to a single exhaust fan 130, and without motorized

balancing dampers (BD) 150, the control module 302 may include a list of the following

examples of variables for each hood, as set forth below, in Tables 1-4:
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100 sec PID Integral Coefficient in Calibration Mode PID K 0.5 % CFM PI D
Proportional Coefficient in Cooking Mbde PID T 100 sec PID Integral
Coefficient in Cooking Mbde Table 3 List of set points acquired during
calibration for each hood Paranmeter nanme & units Notes

Table 1 Hood set point list (which can be preset)

Parameter name & units Default Notes
value

Qdesign, cfm

Kf

Kidle 0.2

kFilterMissing 1.1

kFilterClogged 11

Patm, “Hg 29.92 Calculated for jobs with elevation above
1000 ft.

dTcook, °F 10

dTspace, °F 10

Tmax, °F 110

Tfire, °F 400 Set to be at least 10°F below fuse ling
temperature

TimeCook, s - 420

TimeOR, s 60

dTIRmax, °F 5

17



VFDdesi gn,
sensor

to a single fan

Not es

O0to 1l VFDdle,
I n the hood design', | (
Tabl e 4 List of process variables Paranmeter nane & units

O0tol dTlIRcal,,
cfm Recorded only for

Table 2 List of process control set points

F Recorded for

each lit
mul ti pl e hoods connected

Parameter name & units Default Notes
value

IR1_Derivative_Max_SP -1°C/sec Derivative for Flare-up Set Point

IR1_Derivative_Min_SP 300 sec Derivative for IR Index Drop Set Point

IR1_Drop_SP1 1°C IR Index Drop Sét Point

IR1_Filter_Time 10 sec IR Signal Filter Time Set Point

IR1_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)

IR1_Start_SP 30°C IR Signal Start Cooking Equipment Set
Point

IR2_Cooking Timerl 420 sec. ‘ Cooking Timer Set Point for IR1 Field of
View

IR2_Derivative_Max_SP 1°C/sec Derivative for Flare-up Set Point

IR2_Derivative_Min_SP -1°C/sec Derivative for IR Index Drop Set Point

IR2_Drop_SP1 1°C IR Index Drop Set Point

IR2_Filter_Time 10 sec IR Signal Filter Time Set Point

IR2_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)

PID_Cal K 0.5 %/CFM PID Proportional Coefficient in
Calibration Mode

PID Cal T 100 sec PID Integral Coefficient in Calibration
Mode

PID_K 0.5 %/CFM PID Proportional Coefficient in Cooking
Mode

PID T 100 sec PID Integral Coefficient in Cooking
Mode
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Cti, cfmbreach hood Q@ot,

KA rfl owDesi gn See Equation All

sensor

in the hood Tex,,

cfm See Equation Al. 1 for calculating airflow

for calculating airflow I RT,, F For each

F For each hood Tspace, F One for the whol e space

Table 3 List of set points acquired during calibration for each hood

Parameter name & units

Notes

VFDdesign,0to 1

VFDidle,0to 1

dTIRcal, °F

Recorded for each IR sensor in the hood

Qdesignl, cfm

Recorded only for multiple hoods connected to a single fan

Table 4 List of process variables

Parameter name & units

Notes

Qil cfm

For each hood

Qtot, cfm

See Equation Al. 1 for calculating airflow

kAirflowDesign

See Equation A1.1 for calculating airflow

IRT;q, °F For each sensor in the hood
Tex;, °F For each hood
Tspace, °F One for the whole space

[0061] For example, the exemplary embodiment where the system 100 includes

multiple hoods connected to a single exhaust fan 130, where hoods are equipped with
motorized balancing dampers (BD) 150, the control module 302 may include a list of the

following example variables for each hood, as set forth below in Tables 5-8:
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100611 For exanple, the exenplary enbodi nent where the system 100 i ncl udes
mul tiple hoods connected to a single exhaust fan 130, where hoods are

equi pped with nmotorized bal anci ng danpers (BD) 150, the control nodul e 302
may include a list of the follow ng exanpl e variables for each hood, as set
forth below in Tables 5-8: List of input variables for each hood Table 5

Hood set poi nfjéd St ; r nane & units Default val ue
Not es Qdesi gn!,l'l%:ﬂf(%lw WriRbfEEfor SdCIFABLE

Table 5 Hood set point list (may be preset)

Parameter name & units Default Notes
value

Qdesign, cfm

Kf

Kidie 0.2

kFilterMissing 1.1

kFilterClogged 1.1

Patm, “Hg 29.92 Calculated for jobs with elevation above
1000 ft.

dTcook, °F 10

dTspace, °F 10

Tmax, °F 110

Tfire, °F 400 Set to be at least 10°F below fuse ling
temperature

TimeCook, s 420

TimeOR, s 60

dTIRmax, °F 5
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Kf

Kidle 0.2

Table 6 List of process control set points

kFilterMssing 1.1 KkFilterdogged 1.1

Parameter name & units Default Notes
value

IR1_Derivative_Max_SP -1°C/sec Derivative for Flare-up Set Point

IR1_Derivative_Min_SP 300 sec Derivative for IR Index Drop Set Point

IR1_Drop SP1 1°C IR Index Drop Set Point

IR1_Filter_Time 10 sec IR Signal Filter Time Set Point

IR1 _Jump_SP 1°C IR Signal Jump Set Point (for flare-up)

IR1_Start_SP 30°C IR Signal Start Cooking Equipment Set
Point

IR2_Cooking_Timerl 420 sec. Cooking Timer Set Point for IR1 Field of
View

IR2_Derivative_Max_SP 1°C/sec Derivative for Flare-up Set Point

IR2_Derivative_Min_SP -1°C/sec Derivative for IR Index Drop Set Point

IR2_Drop_SP1 1°C IR Index Drop Set Point

IR2_Filter_Time 10 sec IR Signal Filter Time Set Point

[R2 Jump_SP 1°C IR Signal Jump Set Point {for flare-up)

PID_Cal K 0.5 %/CFM PID Proportional Coefficient in
Calibration Mode

PID Cal T 100 sec PID Integral Coefficient in Calibration
Mode

PID K 0.5 %/CFM PID Proportional Coefficient in Cooking
Mode

PID T 100 sec PID Integral Coefficient in Cooking

Mode

21




Patm "Hg 29.92 Calculated for jobs with el evation above 1000 ft. dTcook,

10 dTspace, F 10 Tmax, F 110

Table 7 List of set points acquired during calibration

Parameter name & units Notes
VFDdesign, 0 to 1 One for system
PstDesign, inches WC One for system
BDPdesign;, 0 to 1 For each hood
Table 8 List of process variables
Parameter name & units Notes

Q;, cfm For each hood
Qtot, cfm See EquationAl. 1 for calculating airflow
BDP,Oto 1 For each hood (one balancing damper per hood)

kAirflowDesign

One for system. See Error! Reference source not found.

IRTi,, °F For each sensor in the hood
Tex;, °F For each hood

Tspace, °F One for the whole space
VFD,Oto 1 One for system

[0062] In various embodiments, the control module processor 304 can be

configured to use the following equation to calculate the exhaust air flow (Q) at exhaust

temperature Tex:

Where:

Kis the hood coefficient.
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Tfire,

F 400 Set to be at | east 10F bel ow fuse |ing tenperature Ti meCook,

420 TinmeOR s 60 dTIRmax, F 5

dp is the static pressure measured at the hood TAB port, in inches WC.

Dens,yy, is the density of the exhaust air in Ib. mass per cubic feet.

Densgyis the standard density of air (= 0.07487 Ib/ft® at 70 °F and atm. préssure
29.921 inches of mercury).

1.325Patm

Dens,, = ———— 1b/f® Eq.2
“" 4594 + Tex b/ 1
Where:
Tex — exhaust air temperature, in °F.
Patm - atmospheric pressure, inches of Mercury.
Patm = 29.92(1 — 0.0000068753 - »)52559 Eq.3

Where:
h — elevation above seal level, ft

When reporting kAirflowDesign, mass flow of exhaust air thru all the hoods in the
kitchen equipped with the DCV system Mror [1b/ft’] needs to be calculated and
divided by total design mass airflow Mtot_design [1b/ft*] for these hoods.

Mot

kdirflowDesign = —————
% = Sito Yaesign Eq. 4

Where Miot and Mtot_design are calculated per Eq. 4 Dens,.; ; is calculated per eq.

Eq. 2 using actual and design temperatures of exhaust air.

M= Z Q; - Den.ss,,,»‘z_.
= Eq. 5
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Tabl e 6 List of process control set points Paranmeter nanme & units Default
value Notes IRl_Derivative_Nax_SP -1C/ sec Derivative for Flare-up Set
Point 1R1_Derivative Mn_SP 300 sec Derivative for IR Index Drop Set Point
[0063] FIG. 5 illustrates a flow diagram for a start-up routine 500 which can be
performed by the control module 302 of an embodiment having single or multiple hoods
connected to a single exhaust fan, and without motorized balancing dampers at the hood

level. The start-up routine 500 starts at S502 and can include one of the following three

options to start the exhaust fan 316:

[0064] 1) Automatically, when any of the appliances under the hood is switched on

500):

[0065] Inblock S505, the infrared sensor 120 can measure the radiant temperature
(IRT) of the cooking surface of any of the at least one cooking appliance 115, the ambient
air temperature sensor 160 can measure the temperature of the space around the cooking
appliance (Tspace), and another temperature sensor can measure the cooking temperature
(Tcook). If the processor 304 in the control module 302 determines that the radiant
temperature (IRT) exceeds the minimum temperature reading (IRTmin) IR Tmin =
Tspace + dTcook) (block S510), the control module 302 can start the fan (block S515)
and set the exhaust air flow (Q) to (Qidle) (block S520). If the processor 304 determines
that the radiant temperature (JRT) does not exceed the minimum temperature (IR Tmin)
(block $510), then the control module keeps the fan turned off (block S525).

[0066] The control module 302 can analyze a second reading as well before the
system operation is started: At block S530, the exhaust temperature (Tex) can be
measured with an exhaust temperature sensor 125. If the exhaust temperature exceeds a
minimum preset exhaust temperature (Tex min) (block S535), the control module 302 can
start the fan and set the exhaust air flow (Q) at (Qidle) (block S545). If the exhaust
temperature (Tex) does not exceed the minimum exhaust temperature (Tex min), the
control module 302 can turn the fan off (block S550). The start-up routine can be

terminated after these steps are followed (block S550).
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IRL_ Drop_SP1 1C IR Index Drop Set Point IRL Filter Tine 10 sec IR Signal
Filter Tine Set Point IRl Junp_SP 1C IR Signal Junp Set Point (for
flare-up) IR _Start _SP 30C IR Signal Start Cooki ng Equi prent Set Poi nt

[0067] 2) On schedule:

[0068] Pre-programmable (e.g., for a week) schedule to switch on and switch off
exhaust hoods. When on schedule hood exhaust airflow (Q) is set to (Qidle).

[0069] 3) Manually, with the override button on the hood:

[0070] In various embodiments actuating of an override button on the hood can set
hood exhaust airflow (Q) to (Qdesign) for the preset period of time (TimeOR).

[0071]  The flow diagram for the start-up routine implemented by the control
module 302 of a second embodiment of a system 200 with multiple hoods connected to a
single exhaust fan, and with motorized balancing dampers at the hood level, follows
substantially the same steps as illustrated in FIG.5, except that at each step the balancing
dampers BD can be kept open so that together with the exhaust fan, the appropriate

exhaust air flow (Q) can be maintained.

[0072] Referring to FIG. 6, a flow diagram is provided showing a routine 600
which can be performed by the control module 302 to check the system 100 before the
start of the flow control operation. The routine 600 can start at S602 and continue to a
control module self-diagnostics process (block S605). If the self-diagnostic process is OK
(block S610) the control module 302 can set the variable frequency drive (VFD) which
controls the exhaust fan speed to a preset frequency (VFDidle) (block S615). Then the
static pressure can be measured by a pressure transducer positioned at the hood TAB port
(block S620) and the exhaust flow can be set to (Q) calculated using the formula of Eq. 1
(block S625). If the self-diagnostics process fails, the control module 302 can verify
whether the (VFD) is the preset (VFDidle) and whether the exhaust air flow (Q) is less or
exceeds (Qidle) by a threshold airflow coefficient (blocks S630, S645). Based on the

exhaust airflow reading, the control module 302 generates and outputs appropriate error
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1R2Cooking_Tinmerl 420 sec. Cooking Tinmer Set Point for IR Field of View
| R2_Derivative Max 5P 1C/ sec Derivative for Flare-up Set Point

| R2_Derivative_ Mn 5P -1C/ sec Derivative for IR Index Drop Set Point
|R2_ Drop_SP1 1C IR I ndex Drop Set Poi nt

codes, which can be shown or displayed on an LCD display or other appropriate indicator

317 attached to the exhaust hood or coupled to the control module 302.

[0073]  If the exhaust flow (Q) is less than (Qidle) by a filter missing coefficient
(Kfilter missing) (block S630) then the error code “check filters and fan” can be
generated (block S635). If, on the other hand, the exhaust flow (Q) exceeds (Qidle) by a
clogged filter coefficient (Kfilter clogged) (block S645) then a “clean .ﬁlter” alarm can be
generated (block S650). If the exhaust flow (Q) is in fact the same as (Qidle) then no

alarm is generated (blocks S650, S655), and the routine ends (S660).

[0074] Referring to FIG. 7, a flow diagram is provided showing another routine
700 which can be performed by the control module 302 to check the system 200. The
routine 700 can start at S702 and continue to a control module 302 self-diagnostics
process (block S705). If a result of the self-diagnostic process is OK (block S710), the
control module 302 can maintain the exhaust air flow (Q) at (Qidle) by maintaining the
balancing dampers in their original or current position (block S715). Then, the static
pressure (dp) 1s measured by the pressure transducer positioned at the hood TAB port
(block S720), and the exhaust flow is set to (Q) calculated using Eq. 1 (block S725). If the
self-diagnostics process fails, the control module can set the balancing dampers (BD) at

open position and (VFD) at (VFDdesign) (block S730).

[0075]  The control module 302 can then check whether the balancing dampers are
malfunctioning (block S735). If there is a malfunctioning balancing damper, the control
module 302 can open the balancing dampers (block S740). If there is no malfunctioning
balancing damper, then the control module 302 can check whether there is a
malfunctioning sensor in the system (block §745). If there is a malfunctioning sensor, the

control module 302 can set the balancing dampers at (BDPdesign), the (VFD) at
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IR2_Filter Tirne 10 sec IR Signal Filter Tine Set Point IR2 Junmp_SP 1C IR
Signal Junp Set Point (for flare-up) PI D Cal _K 0.5 % CFM PI D Proportional
Coefficient in Calibration Mode PI D Cal T 100 sec PID Integral Coefficient
in Calibration Mde

(VFDdesign) and the exhaust airflow to (Qdesign) (block S750). Otherwise, the control

module 302 can set (VFD) to (VFDidle) until the cooking appliance is turned off (block

S755). This step terminates the routine (block S760).

[0076] In various embodiments the hood 105 is automatically calibrated to design
airflow (Qdesign). The calibration procedure routine 800 is illustrated in FIG. 8. The
routine starts at S802 and can l:;e activated with all ventilation systems functioning and
cooking appliances in the off state (blocks S805, S810). The calibration routine 800 can
commence with the fan turned off (blocks S810, S870). If the fan is turned off, the hood
can be balanced to the design airflow (Qdesign) (block S830). If the hood is not balanced
(block S825), the control module 302 can adjust VFD (block S830) until the exhaust flow
reaches (Qdesign) (block S835). The routine 800 then waits until the system is stabilized.
Then, the hood 105 can be balanced for (Qidle) by reducing (VFD) speed (blocks S840,
S845). The routine 800 once again waits until the system 100 is stabilized.

[0077] The next step is to calibrate the sensors (block S850). The calibration of the
sensors can be done during a first-time calibration mode, and is performed for cold
cooking appliances and when there are no people present under the hood. The radiant
temperature (IRT) can be measured and compared to a thermostat reading (Tspace), and
the difference can be stored in the control module 302 memory 306 for each of the
sensors (block S855). During subsequent calibration procedures or when the exhaust
system is off, the change in the radiant temperature is measured again and is compared to
the calibrated value stored in the memory 306 (block S855). If the reading is higher than a
maximum allowed difference, a warning is generated in the control module 302 to clean
the sensors (block S860). Otherwise the sensors are considered calibrated (block S865)

and the routine 800 is terminated (block S875).
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PID K 0.5 % CFM PID Proportional Coefficient in Cooking Mbde PID T 1
P1D Integral Coefficient in Cooking Mbde Table 7 List of set points
acquired during calibration Paraneter nane & units Notes VFDdesign,

One for

system

[0078] FIG. 9 illustrates the calibration routine 900 for a system with multiple
hoods, one fan and no motorized balancing dampers. The routine 900 can follow
substantially the same steps as for a single hood, single fan, and no motorized damper
system shown above, except that for routine 900 every hood is calibrated. The routine 900
starts with Hood 1 and follows hood balancing steps as shown above (blocks $905-S930,
and S985), as well as sensor calibration steps as shown above (blocks S935-S950).

[0079]  Once the first hood is calibrated, the airflow for the next hood is verified
(block S955). If the airflow is at set point (Qdesign), the sensor calibration is repeated for
the second (and any subsequent) hood (blocks S960, S965). If the airflow is not at the set
point (Qdesign), the airflow and the sensor calibration can be repeated (S970) for the
current hood. The routine 900 can be followed until all hoods in the system are calibrated
(vS965). The new design airflows for all hoods can be stored in the memory 306 (block

S975) and control ends at S980.

[0080] FIG. 10 illustrates the automatic calibration routine 1000 which may be
performed by the second embodiment 200. During the calibration routine 1000 all hoods
are calibrated to design airflow (Qdesign) at minimum static pressure. The calibration
procedure 1000 can be activated during the time the cooking equipment is not planned to
be used with all hood filters in place, and repeated regularly (once a week for example).
The routine 1000 can be activated at block S1005. The exhaust fan can be set at
maximum speed VFD = 1 (VFD = 1 — full speed; VFD = 0 — fan is off) and all balancing
dampers are fully open (BDP= 1 — fully open; BDP = 0 — fully closed) (block S1010).
The exhaust airflow can be measured for each hood using the TAB port pressure
transducer (PT) (block S1015). In various embodiments each hood can be balanced to

achieve the design airflow (Qdesign) using the balancing dampers. At this point, each
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Pst Desi gn, inches WC One for system BDPdesign,, 0 to 1 For each hood Table
8 List of process variables Parameter nane & units Notes 41 cfm For each
hood Qot, dm See EquationAl. 1 for calculating airflow

BDP can be less than 1 (less than fully open). There may also be a waiting period in

which the system stabilizes.

[0081]  If the exhaust airflow is not at (Qdesign), the VFD setting is reduced until
one of the balancing dampers is fully open (block S1030). In at least one embodiment this
procedure can be done in steps by gradually reducing the VFD setting by 10% at each
iteration until one of the dampers is fully open and the air flow is (Q) = (Qdesign) (blocks
$1020, $1030). If, on the other hand, at block S1020, the airflow is Q = (Qdesign), the
pressure transducer setting in the main exhaust duct (Pstdesign), the fan speed
VFDdesign, and the balancing damper position BDPdesign settings can be stored (block

S1025). At this point the calibration is done (block $1035).

[0082] FIG. 11 is a flow chart of a method 1100 to control the exhaust airflow as
implemented in the various embodiments in accordance with the system 100. As shown in
FIG. 11, the individual hood exhaust airflow (Q) can be controlled based on the appliance
status (AS) or state, which can be, for example, AS = 1, which indicates that the
corresponding appliance is in a cooking state, AS = 2, which indicates that the
corresponding appliance is in an idle state, and AS = 0, which indicates that the
corresponding cooking appliance is turned off. The exhaust temperature sensors 125 and
the radiant IR sensors 120 can detect the appliance status and provide the detected status
to the processor 175. Based on the reading provided by the sensors, the control module
302 can change the exhaust airflow (Q) in the system 100 to correspond to a
predetermined airflow (Qdesign), a measured airflow (Q) (see below), and a
predetermined (Qidle) airflow. When the detected cooking state is AS = 1, the control
module 302 can adjust the airflow (Q) to correspond to the predetermined (Qdesign)
airflow. When the cooking state is AS = 2, the control module 302 can adjust the airflow

(Q) calculated according to the following equation:
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BDPI, O to 1 For each hood (one bal anci ng danper per hood) KAirflowDesign
One for system See Error! Reference source not found. IRTi,n, F For each
sensor in the hood Texi, F For each hood Tspace, F One for the whol e space

VFD, 0 to 1 One for system

Eq. 6

0=0 desz’gn( Tex —Tspace + dTspace )

T max—Tspace + dTspace
[0083]  Furthermore, when the detected cooking state is AS = 0, the control module

302 can adjust the airflow (Q) to be Q = 0.

[0084]  In particular, referring again to FIG. 11, control begins at 51102 and
continues to block S1104, in which the appliance status can be determined based on the
input received from the exhaust temperature sensors 125 and the IR temperature sensors
120. The exhaust temperature (Tex) and the ambient space temperature (Tspace) values
can be read and stored in the memory 306 (block S1106) in order to calculate the exhaust
airflow (Q) in the system (block S1108). The exhaust airflow (Q) can be calculated, for
example, using equation Eq. 6. If the calculated exhaust airflow (Q) is less than the
predetermined (Qidle) (block S1110) the cooking state can be determined to be AS =2
(block S1112) and the exhaust airflow (Q) can be set to correspond to (Qidle) (block
S1114). In this case, the fan 130 can be kept at a speed (VFD) that maintains (Q) =
(Qidle) (block S1116). If at block S1110, it is determined that the airflow (Q) exceeds the
preset (Qidle) value, the appliance status can be determined to be AS = 1 (cooking state)
(block S1118) and the control module 302 can set the fan speed (VFD) at (VFD) =

(VFDdesign) (block S1120) to maintain the airflow (Q) at (Q) = (Qdesign) (block S1122).

[0085] At block S1124, the mean radiant temperature (IRT) as well as the
fluctuation (FRT) of the radiant temperature emanating from the appliance cooking
surface can be measured using the IR detectors 120. If the processor 304 determines that
the radiant temperature is increasing or decreasing faster than a pre-determined threshold,
block 1128 and the cooking surface is hot (IRT > IRTmin) (block S1126), then the

appliance status is reported as AS = 1 (S1132) and the speed of fan 130 (VFD) can be set



100621 I n various enbodinents, the control nodul e processor 304 can be
configured to use the follow ng equation to calculate the exhaust air flow
(Q at exhaust tenperature Tex: Q= K Dens f idp Densab Eq. 1 Were: Kf
is the hood coefficient. dp is the static pressure neasured at the hood
TAB port, in inches WC. Dens exh is the density of the exhaust air in |b.
nmass per cubi(vFDe&lgn) (block S1134). When the exhaust hood 105 is equipped with multiple IR

sensors 120, by default, if either one of the sensors detects a fluctuation in the radiant

temperature (block S1128), then cooking state (AS = 1) is reported. When the cooking

state is detected, hood exhaust airflow (Q) can be set to design airflow (Q = Qdesign)

(81136) for a preset cooking time (TimeCook) (7 minutes, for example). In at least one

embodiment, this overrides control by exhaust temperature signal (Tex) (block S1130).

Moreover, if the IR sensors 120 detect another temperature fluctuation within cooking

time (TimeCook), the cooking timer is reset.

[0086] On the other hand, if the IR sensors 120 detect no temperature fluctuations
within preset cooking time (TimeCook), the appliance status is reported as idle AS =2
(S1138) and the fan 130 speed can be modulated (block S1140) to maintain exhaust
airflow at (Q) = (Q) calculated according to Eq. 6 (block S1142). When all IR sensors 120
detect (IRT <IRTmin) (block S1126) and (Tex < Tspace + dTspace) (block S1144), the
appliance status is determined to be OFF (AS = 0) (block S1146) and the exhaust fan 130
is turned off (block S1 150) by setting VFD = 0 (block S1148). Otherwise, the appliance
status is determined to be cooking (AS = 2) (block S1152) and the fan 130 speed (VFD)
is modulated (block S1154) to keep the exhaust airflow (Q) at a level calculated
according to equation Eq. 6 (described above) (block S1156). The operation 1100 may
end at block S1158, with the control module 302 setting the airflow (Q) at the airflow

level based on the determined appliance status (AS).

[0087] FIGS. 12A-12C illustrate an exemplary method 1200 to control the exhaust
airflow in a system 200 with motorized balancing dampers at each exhaust hood 105. The
method 1200 can follow substantially similar steps as the method 1100 described above,
except that when fluctuation in the radiant temperature (FRT) is detected by the IR

sensors 120 (block S1228), or when the exhaust temperature (Tex) exceeds a minimum
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Densnd is the standard density of air (= 0.07487 |Ib/ft3 at .70 F and atm
pressure 29.921 inches of nmercury). 1.325Patm Dens eh - 459.4 +

Tex[ 1b/ft3]Eq. 2 Were: Tex - exhaust air tenperature, in F. Patm -

at nospheric pressure, inches of Mercury. Patin = 29.92(1 -

0. 0000068753h) 5- 25" 3. 9Eq. 3 Where: h - elevation above seal level, ft Wen
reporting hehie(ThiniDestigs) 2308 dpblatce btat adétimiled to B AS alll(bloble hoods in
t he kitchen equi pped with the DCV system Mot [1b/ft3] needs to be

cal cul at ed 1209, dhd/iheleshtlY mb@tid 302 e&digihalR ifecRd WhdtRWHL HalanBih e 8hufherf B/ T t 3]
for these hoods. Mot kAtrflowDesign - .
in a fully open position (BDP) = 1, as well as whether the fan 130 speed (VFD) is below a
pre-determined design fan speed (block S1380). If the conditions above are true, the fan
130 speed (VFD) is increased (block 1236) until the exhaust flow Q reaches the design
airflow (Qdesign) (block S1240). If the conditions above are not true, the fan 130 speed
(VFD) is maintained at (VFDdesign) (block S1238) and the airflow (Q) is maintained at

(Q) = (Qdesign) (block S1240).

[0088]  On the other hand, if there is no radiant temperature fluctuation (block
S1228) or the exhaust temperature (Tex) does not exceed a maximum temperature
(Tmax) (block S1230), the appliance status is determined to be the idle state AS =2
(block S1242). Additionally, the control module 302 can check whether the balancing
dampers are in a fully opened position (BDP) = 1 and whether the fan 130 speed (VFD) is
below the design fan speed (block S1244). If the answer is yes, the fan 130 speed (VFD)
is increased (block S1246) and the balancing dampers are modulated (block S1250) to
maintain the airflow (Q) at (Q) = (Q) (calculated according to equation Eq. 6) (block

S$1252).

[0089] In the case that in which there is no radiant temperature detected (block
S1226) and the exhaust temperature is (Tex < Tspace + dTspace) (block S1254), the
appliance status is determined to be AS = 0 (off) (block S1256), the balancing dampers
are fully closed (BDP = 0) (block S1258) and the fan 130 is turned off (S1260). The
appliance status can be stored, on the other hand, if the exhaust temperature exceeds the
ambient temperature, the appliance status is determined to be AS = 2 (block S1262) and
the balancing dampers are modulated (block S1264) to keep the fan 130 on to maintain

the airflow of (Q) = (Q), which is calculated based on equation Eq. 6 (block S1266). The
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Motd"i7."Eq. 4 Were Mot and Mot design are calcul ated per Eq. 4
Dens"h_, is calculated per eq. Egq. 2 using actual and design tenperatures
of exhaust air. M= i=tEg. 5 [0063] FIG 5 illustrates a flow di agram
for a start-up routine 500 which can be performed by the control nobdul e 302
of an enbodi nent having single or nultiple hoods connected to a single
exhaust farbpe?aﬂgnﬂa%hféﬂtenm&ﬁé 286u b2l AHG i\Gr 20BN Hle deREmpeed | evel . The

start-up routine 500 starts at S502 and can i nclude one of the follow ng

three opti : aust fan 316: [0064] 1) Automatically,
when any o%%?%%%%%%@:égb&%?lgﬁ er the hood is switched on (500): [ 0065]

In block S505, the infrared sensor 120 can neasure the radi ant tenperature

(I RT) of the oK NG. $3ifa6kbiagdily oPin &RRpALY éﬁaﬁﬂe%oﬁ@&%%ﬁgnappl i ance
115, the anbient ‘air tenperature sensor 160 can neasure the tenperature of

the space apgiaghct MenaROKLRA: ARMLAD %Pﬂﬁﬂﬁ'c?gysteﬂp%%@rfﬁéﬂ&g a%ﬁﬂﬁﬁ& ature

sensor can neasure the cooking tenperature (Tcook). 1f the processor 304 in

e oot peof Bt Ercdles ASbE AL EAA L 5 bR ob A bk BIRERE! kD)

exceeds the mninum eratur € readi space dTcook)

(bl ock 8510)sad e LaRLAR BHYLE, D02, 5008 AL, £1E LARABLOSKBRLS) and set

t he exhaust air ow (Qto pr'ocessor 304

det erm nes at the radi,ant ture (I does not, exceed t he m ni num
Fenper at ar 501 e aed GpBe K TS B o for M b G (Reeiehe t an
turned off (bl ock. 8§525). 00 he contrql. nodul e 302 can anal yze a
second rea ﬁﬁaé‘é‘da@}‘l’grﬁg‘?t&lglgflﬁg]' J}gfgﬁ{%g}gﬁ%ﬁﬂﬁlqogr {135 EPCCAYe bl ock
S530, the exhaust tenperature (Tex) can be nmeasured w th_an exhaust

t enper at ur €XBa1EReW gystems indepprdeptiy, o i8 coniBpgbien thcachetbde FErheraiRi mum

preset exhaust ter’%erature_ (Tex mn) (bl ock S535), the control nodule 302
can start toReirglapodaled caebe infgemaynisaian Witk eachother-Q at (Q dl e) (bl ock 8545).
I f the exhaust tenperature (Tex) does not exceed the m ni num exhaust

tenmperature (Tex m t he control nodule 302 can turn the fan off (bl ock
5550) he. st BBUL LI ab ok i o i st h e e iy B Sare

fol |l owed (bl ock 8550%. [ 0067]. 2) On _schedul e: [ 0068] Pre-programabl e
(e.qg., for 25CQREMET WaR HreoRiPsst Bscitiriee e BHUSHY> aisteeh! VP idudsaasinekoods. When

on schedul e hood exhaust airflow gQ) is set to (QdI eg). ] ]
control module 1402 coupled to a plurality of interfaces 1404-1408, which are each in

turn coupled to respective sensors (1410-1414) and control outputs (1416-1420). The
control module 1402 can monitor and control the exhaust flow rate for multiple hoods
adjacent to multiple appliances. Each appliance can be independently monitored and an
appropriate exhaust flow rate can be set as described above. In the configuration shown
in FIG. 14, it may be possible to update the software in the control module 1402 once and
thereby effectively updated the exhaust flow control system for each of the hoods. Also,
the single control module 1402 may reduce costs and simplify maintenance for the
exhaust flow control systems and allow an existing system to be upgraded or retrofitted to

include the exhaust flow control method described above.

[0092] FIG. 15 is a block diagram of an exemplary exhaust flow control system in

accordance with the present disclosure. In particular, a system 1500 includes a control



[0069] 3) Manually, with the override button on the hood: [0070] In
various enbodi nents actuating of an override button on the hood can set
hood exhaust airflow (Q to (Qdesign) for the preset period of tine

(Ti meOR) . [0071] The flow diagramfor the start-up routine inplenented
by the control nodule 302 of a second enbodi nent of a system 200 with

mul ti pl e hogeuic PINeeiREh bQeof 1304 SnEeddaEBluthiadd1 508N hESdroMRbaIE Zed
bal anci ng danpers at the hood level, follows substantially the same steps
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the variabl e &%ﬁquen%é drive (VFD) which controls the exhaust fan speed to
a preset fr§ 8&“@ é?%le) (bl ock S615). Then the static pressure can be
nmeasured by a pressure transducer positioned at the hood TAB port (bl ock
S620) and the st _fl.ow.can set .t cal cul.at ed usihg the formula
of Eq. 1 (bIog@§%g§§?ga+?hFﬁﬁoggﬁﬁwﬁﬁgbﬁ@ég%b§nﬁPﬁ%ﬁé mﬂéﬁﬁggg?he contro
nodul e 302 .can %erit t%nelther %ﬁeB§XE@% is the preset fVE | dl ) and whet her
t he exhaust™afFaHR alpan gystem il Oelie suppressigngysism byl apdy3npligRaey airf1 ow
coefficient gglgggs S630, S645). Based on the exhaust airflow reading, the
control rmodal#13gbiobetiadsienning applgnesaies e prulrhiaedans flgw rateo Ak, thahi ch
can be shown or disPIa ed on an LCD display or other appropriate indicator
317 attache&guire) mosdy ee‘éﬁ%i]@t/ PSS iBforrading te thervariewssystems (151 0ddIse tigo 2.
10073] If the exhaust flow (Q is less than (Qdle) by a filter m ssing
coef fi ci entfupqtiops ¢agbe sperdinaigy Iqrisi merk e&e30F opdratipnahenvispioent ¢ Goleexamhlec k
filters and fan" can be generated (bl ock 8635). If, on the other hand, the
exhaust f| dbe ¢Opustewedsirql @iodile)! 503, throughoitryeusdrs |1 108y mepddtédt eifienor otheki | t er

cl ogged) (bl ock S645) then a "clean filter" alarm can be generated (bl ock
8650). |f tdamgesosaonsditidn ol cO@muingaierthif aforniation sathe alagn c¥Xedt £J10; theirio al ar m
is generated (bl ocks 8650, 8655), and the routine ends (S660). [ 0074]
Ref erri ng tsopesSion Bysteam fi  ohwamti thgpppliahcess b8+l Skosha whdhgleaire bhgitemodahi ne 700
whi ch can be performed by the control nodule 302 to check the system 200.
The rout i neakZ@Ppoanats haiohs. aAls8,ARDrambnCRdH: tHrueplidce 160852 carn@duwkal 302

sel f-di agnostics process (block S705). If a result of the self-diagnostic
process i s vokhd dxhaak 18w tohtiol bieent AthéRlacs@attly @eBBRin€ afbliARd A hntine exhaust
air flow (Q at (Qdle) by maintaining the bal anci ng danpers in their
ori gi nal onrr&lidd BHt aB@$did &:08udt Blbackn8d115) . Then, the static pressure (dp)
is neasured by the pressure transducer positioned at the hood TAB port

(bl ock S720), and the exhaust flowis set to (Q calculated using Eq. 1

(bl ock 8725) . [0094]t hEndedifnedis @f B agttiod SsypleMCAE SompittSprogh prédct @k nodul e can
set the bal anci ng danpers (BD) at open position and (VFD) at (VFDdesign)
(bl ock 873Qpntrollind XBAH} fidWeate ety el impReehRd 302 geadtall fiefbse bagkumhet her the
bal anci ng danpers are nmal functioning (block S735). If there is a

mal functio @bé&l@@x‘p@%(}ﬁﬂmfggﬁé grabiRd 58P BLesIR M hcrdlA16AL LageN the

bal anci ng danpers (bl ock If there i1s no mal functioning bal anci ng

d , thepy t 1 i ir adi -i na

ol Fanct i oneoiee ERBEAAL it el et an ARG BRGRY IER AL Bidid Bonal
| ti i . . 1 Ql > t the bal i d

Tt ( BoodeotihgssoE ARayb ORI A a MR AL A0Fa CARSGEL B RBeTel D, 1P S

(Qesign) (block 8750)., CXherw se h I dul.e .302 can set (VFD) to
(VFDi di e) GRS PRED ‘)SéiﬁY‘ﬁegsué%f fRrbelt £ 08 R tegkge b §PPEE) e o s ep
term nates the rg&#%n ]%bfock.87 0). . 10076],1n_various enbodi ments the
hood 105 i $"%ES CCOE‘P DICRSPI 15 e BECH s @B SepessTiter SHeeIBSF Y310 The
calibration procedure routine 800 is illustrated in FIG 8. The routine
starts at S802 and can be activated with all ventilation systens
functioni ng and cooking appliances in the off state (bl ocks 8805, 8810).
The calibration routine 800 can commenéé with the fan turned off (bl ocks
8810, 8870). If the fan is turned off, the hood can be bal anced to the
design airflow (Qdesign) (block S830). If the hood is not bal anced (bl ock
8825), the control nodule 302 can adjust VFD (bl ock 8830) until the exhaust

flow reaches ((Qdesign) (block 8835). The routine 800 then waits until the
systemis stabilized. Then, the hood 105 can be bal anced for (Qdle) by_

. awe—pm—N ~ N A P~ [P — P




[0077] The next step is to calibrate the sensors (block S850). The
calibration of the sensors can be done during a first-tine calibration
node, and is performed for cold cooking appliances and when there are no
peopl e present under the hood. The radiant tenperature (IRT) can be
measured and conpared to a thernostat reading (Tspace), and the difference
can be st origfpldnient figbd@émOf thoshethed, IR EIFREMpRBrb 8EmeREdNcOfor t he sensors
(bl ock 8855). During subsequent calibration procedures or when the exhaust
systemis abhirollifge0aNgBwirket he radi ant tenperature is nmeasured again and
is conpared to the calibrated value stored in the nenory 306 (bl ock 8855).
If the reading is higher than a nmaxi mum all owed difference, a warning is

generated in [0eesiclnthemhoreeaibbain@R of the@iRIBed NEhGE REMS, 208 o8KuES60) .
O herwi se the sensors are considered calibrated (block 8865) and the

routine 80Grogah @fdtubtabesbnlrblliag kxi@8%tIow rate maiy[‘&qizﬁﬁlﬁ hffem@niked |94 sat es the

calibration routine 900 for a systemw th nul'tiple hoods, one fan and no

mot or i zed hakang] iﬂgofﬂﬁﬁplﬁﬁﬁ% gagxg&m&lﬁre} T Qp&j&@gri&ﬁéd S%Wwaféb&wagg&%' y the

sane steps as for a single single fan, "and no notori zed nper system

shown abovegyiexmets thd? %I'ovfid%g)ol e E&?%elg%o &gl\éﬁ%%&ﬁ Q04 drS, &a?ilefé/?o;f%ér?lgme;r he

routine 900 starts wth Hoo and bal anci ng S 'shown

above (blo 5 ). @an 9 | |, ag._sensor calibration steps as
shown abov ﬁ%ﬁgg kél%g%ge gQ%B?Q(ﬁlggmf %ﬁ%?lsg&sg e"the %T PR ﬁrbdf)cd’n?pélper

cal i brat ed, L1 for &-he next -hood is verified (block 59 .. I'f the
airflowis?h g%glp %Ié? f‘)&{é%‘%& Cf&i%@‘f’% ﬁ’;]],au?tﬁgwsréﬁsc?ﬁ bfi:’&ml%’?eé’ﬁ(dd’ﬁrt}a@yroéag%(t”éd for

t he second nd any subsequent) ho bl.ocks S960, S965). If the airflowis
not at the "EEWVAFISHE %@é@?@%f@f‘ﬂ@?%ﬁ FCHi ‘érr?d%%ﬂéieé‘é?lsgﬂleﬁléqrii‘ﬁ?rétof on can
be repeated8é5970%lfor éhe current hood. The routine 900 can be foll owed
until al |l KB CH bansed ipdipp berpbadingenty dpendingen the peed Ardipdesi gn
airflows for_all hoods can be stored in the nenory 306 (bl ock 5975) and
control en§&icgncstrgpirementy efghpgystems, the parfieylydupciivagndieea autionat i c
calibration routine 1000 which nmay be perfom ed by the second enbodi nent
200. Dur i ngoftwae enharéware sysem. GREIon®CIVOR onhicrdsowgricnyystemdieitgrailieet. t 0 desi gn
airflow (Qdesign) at mninmumstatic pressure. The calibration procedure
1000 can bé& imeatsed theumdthegl, syséent, iane carthipita goddrag peguétformntrodingot  pl anned
to be used with all hood filters in place, and repeated regularly (once a
week for egshpbtdlow fRisecan beirnplem&@@lindaniviaes adidr vaftvede atindirydlaoh@95. The
exhaust fan can be set at maxi numspeed VFD = 1 (VFD = 1 - full speed; VFD
= 0 - fan laergefdlomddysdhs dabactoiengledizepenir asfevdreiby thospeordiBPskillin ful Iy
open; BDP = - fully closed) (block 51010). The exhaust airflow can be
measured f dr applidabkacdrans e guricienal ABscHpfidn 6 ALKk ARNSHME BEneldP Dhsid bl ock
S1015). In various enbodi nents each hood can be bal anced to achieve the
desi gn ai r khoveddde HieddInpust, Rgh4BEBRla06 SBKFBAB/ISee Als. t hi s point, each
BDP can be less than 1 (less than fully open). There may al so be a wailing
period in which the system stabilizes. 100811 If the exhaust airflowis
not at (QdesilB0B6] MdreovFBrbeditient of therdédlos@iinethsd, lsysoame a0l cohiputbal anci ng
danpers is fully open (block Si 030). In at |east one enbodi nent this
procedur e pagrapeprddue farrost @it dhagst Acwahtk Yar RAUBIeRGntehen MFX8€t t i ng by 10%
at each iteration until one of the danpers is fully open and the air fl ow

is (Q = (eXxtestdd) aphlefblteblNQl-pRpOB3Qhmphits, a@ﬁhcﬁa’f‘ﬁu@@)@%’bm‘ﬁ@ﬁﬁ a at bl ock

51020, the airflowis Q = (Qdesign), the pressure transducer setting in the

mai N exhaugficrépteesédPSIrdRsGN)ALsd, AR e&%s@i@@)@gate\/go%?%}m%gﬁd (%f'i{ 15%‘\%11%?11 taR::!S ng

danper position BDPdesign setti.ngs can be stored

poi nt the galdelfdlehRRrel 3s Q%%ra@%ﬂ%géﬂ'egﬁ%%eﬁonal coh%gé?lucﬁ!a% IJA&’Q?’A' o8 flow

chart of a nethod 1100 to tro airflfow as i enentéed in the

i LOBRLS 4| ith th t 0. As shown in FIG 11,
Uhe. i nai vi doar hoea  SeRSE FEARIER Wby bEnoE Elhiilan 43 RIEE on e

i tatys, (A tate, . which , le, AS = I, which
i cat oo TAREEH e RiedbRbTp P ante . TRE BEORRMY S0 donS = 2,

whi ch i ndi cat es that, .th corresg)ondi ng appliance is in an idle state, and
AS = 0, whPEHRSRAPEG Y PhyHeA!lY R RBEdboRatheg it septrolesshrsafies 13te t ur ned
of f. The exhaust tenperature sensors 125 and the radiant IR sensors 120 can
detect the appliance status and provi d& the detected status to the
processor 175. Based on the reading provided by the sensors, the control
nodul e 302 can change the exhaust airflow (Q in the system 100 to
correspond to a predetermned airflow (Qdesign), a nmeasured airflow (Q
(see below), and a predetermined (Qdle) airflow Wen the detected cooking
state is AS = I, the control nodule 302 can adjust the airflow (Q to




Q = Qdesign max- Tspace + dTspace Eq. 6 [ 0083] Furthernore, when the
detected cooking state is AS = 0, the control nodule 302 can adjust the
airflow (Q to be Q= 0. 100841 In particular, referring again to FIG
11, control begins at,S1102 and continues to bl ock S1104, in which the
appliance status can be determ ned based on the input received fromthe
exhaust t enjperadofiveresRioohaddab spsndn,s06h dsthd RAMEABEA RHISRRSYEEmIZP. The
exhaust tenperature (Tex) and the anbient space tenperature (Tspace) val ues
can be readexamgbt $ér0hesdlsafid/bhppiB¥ey. Yy 306 (bl ock S1106) in order to

cal cul ate the exhaust alrfIOM/(() in the system (block S1108). The exhaust
airflow (Q can be calculated, for exanple, using equation Eg. 6. If the
cal cul ated exFHOF) It & ttetiwe,(@barkis thee Sford i providee iPicRe@bR WithaHe pikdlt €)
(block S1110) the cooking state can be determined to be AS = 2 (bl ock

S1112) and inventiexhatshodbystdn)hd Em@aR pRraR brddfct G Joﬁﬁaﬁﬂgeﬁﬁu&ﬁow e)
(block S1114). In this case, the fan 130 can be kept at a speed (VFD) that

mai nt ai ns (&= Widedhi€ InvERtAGks &kh B6Jcribd m%()n Qh&fb% Vﬁ&l]allglﬂh #s determ ned

that the.airflow (Q exceeds the preset e appllance stat us

can be det esiBHoBREkntOit tgeevﬁénnhét r&aﬁgamlﬂgw%% @&@ﬁ&ﬂh C B%M&%g}i%aghdt pae

control nodule 302 can set the fan speed esign)

(bl ock 511%@)&&%%35@&% blk &Q)?dlﬁérg%klﬁ\ﬂg (htg)a feabi@ares; é%ﬂinég )%éﬂ Oék 51122).

[ 0085] At bl ock 124, t e nmean r erature s the
f1 uct uat | oneffBlenfitack U L8RS TREGALIGS, STRARLLNG. L oM NG, App! T ance

cooki ng surface can Pe “measur edous

pr ocessor S that. t.he r dlant tenperature is increasing or
decreasing%ﬁ’ € g@ﬁgﬁ%gmHF(fHEfEWW}ﬁ@d threshol d, block 1128 and the
cooking surface is hot (IRT > IRTm n) (bl ock 81126) t hen the appliance
status is reported as AS = 1 (S1132) and the speed of fan 130 (VFD) can be
set to (VEDdesign) (block S1134). Wen the exhaust hood 105 is equi pped
with nultiple IR sensors 120, by default, if either one of the sensors
detects a fluctuation in the radiant tenperature (block S1128), then
cooking state (AS = 1) is reported. Wien the cooking state is detected,
hood exhaust airflow (Q can be set to design airflow (Q = Qdesign) (S1136)
for a preset cooking time (TimeCook) (7 mnutes, for exanple). In at |east
one enbodi ment, this overrides contiol by exhaust tenperature signal (Tex)
(bl ock S1130). Moreover, if the IR sensors 120 detect another tenperature
fluctuation within cooking tinme (TinmeCook), the cooking timer is reset.
[0086] On the other hand, if the IR sensors 120 detect no tenperature
fluctuations within preset cooking tinme (TinmeCook), the appliance status is
reported as idle AS = 2 (S1138) and the fan 130 speed can be nodul at ed

(bl ock S1140) to maintain exhaust airflowat (Q = (Q calculated according
to Eq. 6 (block S1142). Wien all IR sensors 120 detect (IRT < | RTm n)

(bl ock S1126) and (Tex < Tspace + dTspace) (block S1144), the appliance
status is determned to be OFF (AS = 0) (block S1146) and the exhaust fan
130 is turned off (block S1150) by setting VFD = 0 (bl ock S1148).

O herwi se, the appliance status is determned to be cooking (AS = 2) (bl ock
SI 152) and the fan 130 speed (VFD) is nodul ated (bl ock S1154) to keep the
exhaust airflow (Q at a level calculated according to equation Eq. 6
(descri bed above) (bl ock S1156). The operation 1100 may end at bl ock S1158,
with the control nodule 302 setting the airflow (Q at the airflow | eve
based on the determ ned appliance status (AS).
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[0087] FIGS. 12A-12C illustrate an exenplary nethod 1200 to control the
exhaust airflowin a system 200 with notorized bal anci ng danpers at each
exhaust hood 105. The nethod 1200 can follow substantially simlar steps
as the method 1100 descri bed above, except that when fluctuation in the
radi ant tenperature (FRT) is detected by the IR sensors 120 (bl ock S1228),
or when the exhaust tenperature (TexppeEoEess a m nimum value (Tm n)

(bl ock S1230), the appliance status is deternmned to be AS = 1 (bl ock
1232), and the control nodule 302 additionally checks whet her the bal anci ng
danpers are in a fully open sosdvidtions, AcdddynsandTeras wel | as whet her the fan
130 speed (VFD) is below a pre-determ ned design fan speed (bl ock 51380).

If the conditions above are true, the fan 130 speed (VFD) is increased

(bl ock 1236AS uapplian¢cstatesdagy AS=l-owoking estPesidtehaSdesioffh ai rfl ow (Qdesi gn)
(block S1240). If the conditions above are not true, the fan 130 speed
(VFD) is nebt-dakedngdanipéEDdesi gn) (bl ock 51238) and the airflow (Q is

mai ntai ned at (Q = (Qdesign) (block SI240). 10088] On the other hand,

if there | BDP-baldhdiy ddngippdstionr(e.gf, BOP=u@t icloBed; BDPCK1 Sbg§) or the exhaust
tenperature (Tex) does not exceed a maxi mum tenperature (Tmax) (bl ock
S1230), t heppPRkizANGRlafdiAd dinped poali @Y d88Rndiae RENdoD Bedig ArffteQesha. = 2

(bl ock S1242). AdditionallTy, the control nodu%e 302 can check whet her the
bal anci ng danperghai& 4V LylHDgegpened position (BDP) = 1 and whether the
fan 130 speed (VFD) is below the design fan speed (bl ock S1244). If the
answer is t (VFD) is increased (block S1246) and the
bal anci ng §§§¥e#§§%%gaﬁ%§gT§@§§9?b|ock S1250) to maintain the airflow (Q
at (Q = ( U cul r Qi e {0 . STPLYAN

10089] In t gg@gsé}étsﬁgtg ﬂf’%& el%ﬁ{)(fg# ?lcee ‘lgge%nlg Sr%%?glﬁ%%rte %%%@?agfeure %%t ected
(bl ock S1226) an egq%%%%hgggﬁ tenperature is (Tex < Tspace + dTspace)

(bl ock S1254), the %pbflan eg’status is determned to be AS = 0 (off) (bl ock

$1256), the, bal anci ng dar f d (BDP = 0} {block S1258) and
Che 1 an 130TE CPMOG SRR a0y oo, Al Partctos i Bhus Ko 198k or ed. on

the other h , I f e exhayst te rature exceeds the anpient t erature,
t he appl i arf@g]g%ﬁlétdab{lﬁ reéé‘? ﬁ?ﬁ%gypg‘&“tﬁeérﬂél@ﬁ %W%R%%Efﬁf gﬁ‘fgrﬁtghe

bal anci ng danpers are nodul ated (bl ock S1264) to keep the fan 130 on to

mai ntain the ai Ff18w of (Q = (Q, which is calcul ated based on equation
Eq. 6 (block 51266). The operation nay then end and the exhaust airflowis
set accor difaRmax + fes-gethessheld valug phttisalitectidergrog A TR -aldiR &/ kg yudicates | 9090
FIG 13 is a block diagramof an exenplary exhaust flow control systemin
accordance wit h thaa&R pmeerepecddp be Flgangd@nd racabibyatadcul ar, a syst em 1300
includes a plurality of control nodules (1302, 1308, and 1314) each coupl ed
t o respect idspasneproset pamsoitwe (Bohce h1gVeendlak abd Tepace whpreetokingl y) , as

descri bed above (e.g., tenperature, pressure, etc.), and outputs (1306,
1312, and 1318, apgspecttatueis yterpaseddeSealt ajpdidnabonder the hgod amotfte.2oABr ol and
danper control signals). The control nodules can control their respective
exhaust flow syst®nexenipltepeacaentdlye ©9°F.n conj uncti on with each other.
Further, the control nodules can be in comunication with each other.

[0091] FI GFRA- fisctdatidh Q€ kadtinB@hpbiatike @ihpeiel®taihgexifakst flow control
systemin accordance with the present disclosure. In particular, a system

1400 i ncl udesp@:xStd@ssonaRBlis RbodMeitee 1402 coupled to a plurality of
interfaces 1404-1408, which are each in turn coupled to respective sensors

(1410- 1414)1rgnd;, O M Qhs PRI kAdiGs ¥420) . The control nodul e 1402 can
moni tor and control the exhaust flow Fate for multiple hoods adjacent to

multiple a ces. . ' : ' iy nd an
appr opr | at AR ARaG Sin G ABRah ANREHER AR RGERERIRR TR e
configuration shown in FlG Lt b ssible to update the software
in the control ﬁ%gﬁi%é%f&gaéﬁggnghdq%%g?25@%%$$ectiver updat ed t he exhaust
flow contrql, .system for each of the hoqds. o, the_single control nodule
1905 oy 1 QRIS Zar ST YA D B At i e AGY TR ST ow cont r ol
systens and all ow an existing systemto be upgraded or retrofitted to

i ncl ude the exha&ii8ewfordiRodoiaingrd Wb RSdY descri bed above. [0092] FIG 15
is a block diagram of an exenplary exhaust flow control systemin

accordance with the present di scl osure.37In particular, a system 1500
i ncl udes a control



nodul e 1502 . coupl ed to sensors 1504 and control outputs 1506. The contr ol
nodul e 1502 is al so coupled to an alarminterface 1508, a fire suppression
interface 1512, and an appliance comuni cation interface 1516. The al arm
interface 1508 is coupled to an alarm system 1510. The fire suppression
interface 1512 is coupled to a fire suppression system 1514. The appli ance

communi cat i K- heddebéfieRntl bkl td SalGPMPheH dxRaRNBr{Rkw NOr e appl i ances _
1518-1520. [ 0093] In operation, the control nodule 1502 can comruni cate

and exchangeriid€ L1 @ResHUId BirfidVP cUraGiEn: 3y S &M 2ddd fitfel T8 ion
systen11514,landgggglianges 1%18-&5201t0 better ete}ﬁbnéﬁgggﬁﬁgzge states

and a suit alpe; fi’lgs—tthlfeélf?)m diftoS cd%%f%gefb{oﬁﬁegfﬂge% Qilﬁg:%g?'éfgul aqge TRy Ppr ovi de

information to the Various systens unctions ‘can be

coor di nat ed.f;0r - ef ive.qper.at i envi ronment. For exanple, the
R S S

exhaust flow contr hrou &nsors 1504, may detect a

fire or Otqﬁ[fgﬁgngﬁ%%#ﬁ$§5§%$on and comuni cate this information to the

al arm system pressi on system 1514, and the appliances
1518- 1520 t hat each device_or system can take appropriate actions. Al so,
i nfoor mat i oﬁ\%ﬁ?s&ﬁ%—ftoﬁ_etoéﬁgﬁl%?@gusi3}1(‘83-31@2’@’ fgﬁﬂ%dﬁ%e E‘}Chﬁﬁéq&?ﬁ%st f1 ow
control systemtaq re accurately determ ne appliance states and provide
more accurate eXABie PEVowsteBAProl . [ 0094] Enbodi ments of a net hod,
system and conput er program product for controlling exhaust flow rate, may
be inpleneﬁreﬂm@ﬁCﬁﬂﬁﬁﬁﬁﬂﬁﬂog%ﬁﬂﬁgkmE@W%uﬂb¢@Xé-speciaI-purpose conputer, a
programed m croprocessor or mcrocontroller and peripheral integrated
circuit el diebnt ampsphaar oresrureyinebes oflergursit ed circuit, a digital signal
processor, a hardwired electronic or logic circuit such as a discrete

el enent ci BstRasignainghes Y@ mmaciniuogstaticdesssae irsthe maasexhaldt Dyct RitA,allBBGH, PAL,
or the like. In general, any process capable of inplenenting the functions
or steps desibtratbédndrenghgataksigheairfiloe @dedgn.i npl enent enbodi ments of the

met hod, system or conputer program product for controlling exhaust flow
rate. [(DO8b4d &xhadshatiosy, efmenbodi nents of the di scl osed nethod, system
and conputer program product for controlling exhaust flow rate may be
readi |y i mudesent@ded desighwirabwpanti ally, in software using, for exanple,
obj ect or object-oriented software devel opnment environnents that provide
portabl e s@ifesign GRd&otald@dsigh@aRh iRt TRV BPalBhNAE ity kBdhes YARPHET with Bef O 8.
Al ternatively, enbodi mnents of the disclosed nethod, system and conputer
program product pfar syept E@l | 1 ng exhaust flow rate can be inpl ement ed
partially or fully i'n hardware using, for exanple, standard logic circuits

O bad! ot EELER- NRlod DG AVAITOLeBOLd ARTE ARRL AR HASHLL Bor IR ATE N

enbodi nent s dependi ng on the speed dnd/or efficlency requiremnen of the

systems, the banbigubalecbdRoliflle oMLy, Buparticular softuare or har dvare
m croconp ’

system m croprocessor, or utéer’systembeing utilized. Enbodi nents

of the met _Sys nd, conmput er. program product. for .contrglling exhaust
flow rate ggﬁbbz%?%%ﬁgﬁgwgg IPHH aﬂ&ﬁéﬁgpéﬁﬁgéﬁn‘8%?%&P8aﬁ§Ph €any known or
| at er devel oped syste r. st tures, devices and/or software by those of
ordinary skill Fﬂ%ﬁﬁﬁng%ﬁ?ﬁﬁéﬁf“ébg'F&%ﬁ@@he functional description

provi ded hgiein ard mﬁth,ﬁ gggeral basi c know edge of .the conputer, exhaust
flow, and/ & rigaushprilam s al hpeds in thekeolsy cquipnse wath thedREY dvsemt s of t he
di scl osed net hod, system and conputer program product for controlling
exhaust fIOM/raP@lcan be inplenented in software executed on a programred
general - purpose conputer, a special purpose conputer, a m croprocessor, or
the |ike. - testriad blarirg pdil iowvhe lxtod. Rresstirediansric¢rasicarmedtéd ®© TAR pot i on can
be i npl emented as a program enbedded on a personal conputer such as a
JAVA(r) or CO ®ondapire passuge digsantidand edtdatagoaexhasesivitaw.or  gr aphi cs

wor kstation, as a routine enbedded in a dedicated processing system or the
|l i ke. The ffet hadodanxtlasysthpetaaan al so be i npl enented by physically

i ncorporating the nethod for controlling exhaust flowrate into a software
and/ or hardware system such as the hardware and software systens of
exhaust vent hoods and/or appliances. [0097] It is, therefore, apparent
that there is provided in accordance with the present invention, a nethod,
system and conputer program product for controlling exhaust flow rate.
Wiile this invention has been described®in conjunction with a nunber of
enbodi nents, it is evident that many alternatives, nodifications and

vari ations would be or are apparent to those of ordinary skill in the
applicable arts. Accordingly, applicants intend to enbrace all such
alternatives, nodifications, equivalents and variations that are within the
spirit and scope of this invention.



APPENDI X A Abbrevi ations, Acronyns and Terns AS - appliance status (e.g.,
AS=1 - cooking, AS=2 - idle, AS=0 - off) BD - bal anci ng danper BDP -

bal anci ng danper position (e.g., BDP = 0 - closed; BDP = 1 - open)
BDPdesi gn - bal anci ng danper position corresponding to hood design airfl ow
Qdesi gn. Achieved at VFD = VFDdesi gn DCV - demand control ventilation

dTcook - preexssiin t i@ualdthistRAYeralsd adhen gltmlande%tﬁ@s% Btedidt RHPECAS=
appliance being in idle condition, AS=2. d - tenperature difference

bet ween | RT and sTspace (e.g., dTIR = |RT - Tspace). dTlIRcal - dTIR stored
in the menory during first-tinme calibration procedure for each IR sensor.

dTI RTex - pfges G setehﬁa*b%'eqhmtg ggrgttugebgfggegt{o%s%n{gi( nggkga‘%ur'edoP Qrtien 4L Real |

t hat i ndicates | R sensors eane e-calibrate depace

- pre-set tenper Le £ etween Tex and Tspace when cooki ng
appl i ance statu§@$§hlgq%P%$% gge nﬁ%f appl i ances under the hood are off"

A | F. fluctuati f di ant
Egngerature 8%C8% ?%ﬁ%“%g 8§ﬂﬁﬁ g%&#%@%hn?god? gg% co??eggohg?ng tgahggg

nunber . I . o
TimeOR - override time. Time period when hood airflow is maintained at design level Q

= Qdesign when override button is pressed on the hood. By default TimeOR = 1
min

Tmax — pre-set maximum hood exhaust temperature. At this temperature hood operates at
design exhaust airflow.

Tspace — space temperature, °F

VFDdesign — VFD setting, corresponding Qdesign (VFD = 1 — fan at full speed; VFD =0
— fan turned off)

VFDidle — VFD setting, corresponding Qidle
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IRT - infra red sensor tenperature reading, F IRTm n - mninumtenperature
readi ng, above which IR sensor detects appliance status as idle (e.g.,
AS=2). IRTmin = Tspace + dTcook. kAirflowDesign - ratio of nmass exhaust
airflows. Total actual airflowto total design airflow for hoods equi pped
with DCV Kf- hood coefficient, used to cal cul ate hood exhaust airflow

kFi | t er O oggedimst hreshol d airflow coefficient to detect clogged filter,
default value 1.1 kFilterMssing - threshold airflow coefficient to detect
filter mssing, default value 1.1 Kidle - idle setback coefficient, Kidle =
1 - Q dl e/ Q¥édsi lgQlidilned Bood exhaust airflow, |b/h Mlesign_ tot - total design
exhaust mass airflow for all hoods in the kitchen with the DCV system |b/h
n - index, corresponding to IR sensor nunber in the hood. Patm -

at nospheri c pr eslsur é méthahesontioleg cdiryst aiP§b Was igekhansh géredatME systeri ni mum
static pressure in the main exhaust duct with all hoods calibrated and
runni ng at iddsdigg améxthhohdd)eésimethod@omphisiag: exhaust airflow, cfm

receiving, at a control module, an ambient temperature signal representing
a temperature of exhaust air in a vicinity of the exhaust hood, the ambient temperature

signal being generated by an ambient temperature sensor;

receiving, at the control module, a radiant temperature signal representing
a temperature of a surface of a cooking appliance that generates the exhaust air, the

radiant temperature signal being generated by a radiant temperature sensor;

determining in the control module a state of the cooking appliance based
on the received ambient exhaust air temperature signal and received radiant temperature

signal; and

controlling the exhaust air flow rate in response to the determined

appliance

state by outputting a control signal from the control module.

2. The method of claim 1, wherein the cooking appliance state includes a

cooking state, an idle state and an off state.

3. The method of claim 2, wherein the controlling includes outputting a signal

to change the exhaust flow rate between a design exhaust flow rate (Qdesign), an idle
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Qdesign - hood design airflow, cfm Qdesign tot - total design exhaust
airflow for all hoods in the kitchen, equipped with the DCV system cfin
Qdesi gni - new hood design airflow acquired during calibration procedure
for nmultiple hoods connected to a single exhaust fan, cfmQdle - pre-set
hood airflow in idle, when all appliances under the hood are in idle

condi tion (&ateflaw rhte @dleg, snd@n Bif BRSI W rabd, Bised oh ARng® X B S4ok f | OW
for all hoods in the kitchen, equipped with the DCV system cfm TAB - test

and bal anci fglipgelstatdd t he hood. Pressure transducer is connected to TAB
port to neasure pressure differential and cal cul ate hood exhaust airfl ow
Tex - hood exhaust tenperature Tex_mn - mninmm exhaust tenperature, when
appliance status is detected as idle, AS = 2 Tfire - pre-set limt on

XAy enper Al © TehOARAbPlHPS iRl BE TRHALUIR, fan VD RRN T Te -

Ere warning is generatée re-Set coo by del aul _
Ti meCook = 1 T eOR .- rri ti e gi per.i.od en ho airflowis
mai nt ai ned %?W(ﬁ%%fogdﬁ Feve au%\flg)w %nges 2V ﬁnng\? SPPREABUEIE S felerpisdsed on
the hood. %¥) bgcienfl lé':'czt)ok-[rllg”s'%egé to thle icrﬁle re]xhaust flow rate (Qidle) when the appliance status
is determined to be in the idle state, and to the off exhaust flow rate when the appliance is

determined to be in the off state.

5. The method of claim 4, wherein the changing includes changing a speed of

an exhaust fan based on the appliance state.

6.  The method of claim 4, wherein the changing further includes actuating a

balancing damper based on the appliance state.

7. The method of claim 2, wherein the determining further includes

determining a fluctuation in the radiant temperature.

8. A method as claimed in claim 7, wherein the cooking appliance is
determined to be in the cooking state when a fluctuation in the radiant temperature is
determined and the radiant temperature is greater than a predetermined minimum radiant
temperature, the cooking appliance is determined to be in the idle state when no
fluctuation in the radiant temperature is determined, and the cooking appliance is

determined to be in the off state when no fluctuation in the radiant temperature is
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Tmax - pre-set maxi num hood exhaust tenperature. At this tenperature hood
operates at design exhaust airflow Tspace - space tenperature, F VFDdesign
- VFD setting, corresponding Qdesign (VFD = 1 - fan at full speed; VFD = 0
- fan turned off) VFDidle - VFD setting, corresponding Qdle CLAIM: Wat

Is Cained Is: 1. A nethod of controlling exhaust air flowin an
exhaust venfetdrine@BnSs tAIMnt REpEdhRYisats %Hatﬁédemﬁﬂed EREmIRLAasht
conpri si ng: receiving, at a control nodule, an anbient

t enper at ur g, %&ﬁﬁ} representing a tenperature of exhaust air in a vicinity
of the exhaus od, the anbient tenperature signal being generated by an
anbi ent tenperature sensor; receiving, at the control nodule, a
radi ant tenperature si gnal representing a tenperature of a surface of a

cooki ng appl i ange n exh ust ai.r, .the radiant tenperature
ci gnal “bel ng. gener al BBy PCORAR P e EHGT BerEns B haNS Reat iR

determ ning in_.the control nDd |l e. a.state of the cooki ng appl i ance based on
the receiv aﬁﬁﬁ?&ﬁf“@?ﬁ@ﬂg?nﬁz?V?EW%Q é?d?@‘@F&ﬁﬁﬂaand recei ved radi ant

tenperature signal; and controlling the exhaust air flowrate in
response to the determ ned appliance

10. The method of claim 9, wherein the determining further includes
determining a difference between the exhaust air temperature in the vicinity of the

exhaust hood and the ambient temperature in the vicinity of the ventilation system.

11.  The method of claim 10, wherein the cooking appliance is in the cooking
state when the exhaust air temperature is greater than or equal to a predetermined
maximum ambient temperature, the cooking appliance is in the idle state when the
exhaust air temperature is less than the predetermined maximum ambient temperature,
and the cooking appliance is in the off state when the exhaust air temperature is less than

a predetermined ambient temperature.

12.  The method of claim 1, wherein the radiant temperature is measured using

an infrared sensor.
13.  The method of claim 1, wherein the exhaust air temperature and the ambient

temperature in the vicinity of the ventilation system is measured using respective

temperature sensors.
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state by outputting a control signal fromthe control nodul e. 2. The
met hod of claim 1, wherein the cooking appliance state includes a cooking
state, an idle state and an off state. 3. The met hod of claim 2,
wherein the controlling includes outputting a signal to change the exhaust
flow rate between a design exhaust flow rate (Qdesign), an idle exhaust
flowrate (Qdlg)y, apd, e..1:Ras: ange in the
cooki ng appliance’ S?at e%O@BfCISW%he%%%%%‘f caéﬁ%gaﬁlﬁggl,%% eu(rgtgi n the
control no e an t he exhaust ..fl ow rate to.desi gn exhaust flow rate
(Qdesi g, n) q}\%@ﬁ&%hs gtg%oti??oﬁ%gaaltpﬁ?nﬁrgHglngesexggfsézr"lrr‘r{lﬂvevd to be in the cooking
state, to the idle exhaust flowrate (Q dle) when the appliance status is
determned to be in the idle state, and to the off exhaust flow rate when

the appliance is_determined tQ he in the off _ state. . 5. _The nethod of
claim4, wherei ﬁst EXhaNsi visgtiatien walew adaisyiongseavidhrerskie anplianchditst fan

based on the appliance state, i 6. The nmethod of claim4, wherein the
changi ng f Grhayst venilafion estearinglading gn sxhsastdeed. sompusipgsr based on the
appl i ance state. 7. The nethad of claim2, wherein the determning

further incl ude# caetad pradulersgurled fourcmeiat ¢asiroller anthedaptedita detemangpestatusr e.

8. Anethod as clained in claim7, wherein the cooking appliance is

det er mi ned of thetreoking sprdianedieseigonst measunet eatlizt fempetatiae amsia meastied r adi ant
tenperature is determned and the radiant tenperature is greater than a

pr edet ei ui ierkahsnainicmpenatuag iaadddapedpecatrol & exhlaest aio kwnge dppl batee i s
determned to be in the idle state when no fluctuation in the radi ant

t enper at ur eeiesmited sntt oeitle cooking dpplieeoki ng appliance is determined to be in
the off state when no fluctuation in the radiant tenperature is determ ned

and the radi ant ah exme§tFintol rdnfoviRSsxhiRedlr erRf0delyQRdEJARGe RbfiaftyN I adi ant
t enperat ure.
a motor controller coupled to control module and the exhaust fan;
at least one sensor coupled to the control module and adapted to measuring the
radiant temperature of a surface of the cooking appliance;

at least one temperature sensor coupled to the control module and attached to the

exhaust hood for measuring the temperature of the exhaust air.

16. The system of claim 15, wherein the at least one sensor for measuring

the radiant temperature is an infrared sensor.

17.  The system of claim 15, wherein the at least one sensor for measuring

the exhaust air temperature is a temperature sensor.

18.  The system of claim 15, wherein the control module controls the exhaust air

flow rate by controlling a speed of the exhaust fan.



9. The method of claim 2, wherein the neasuring further includes nmeasuring
an anbient air tenperature in the vicinity of the ventilation system

10. The method of claim9, wherein the determi ning further includes
determning a difference between the exhaust air tenperature in the
vicinity of the exhaust hood and the anmbient tenperature in the vicinity of

the ventil ationi®yst®fBystem of claink 15, [AKer MBMPOEnPLt 1645840 Qori2tl 8L BAINS e
cooking appliance is in the cooki ng state when the exhaust air tenperature

is greater dahaB: fhciRd ‘t@{hetef?ha%sﬁr}fo%g% S NESh1 RS bIMOLARRL SR nd: SRR R Ur €,

t he cooking appliance is in the idle state when the exhaust air tenperature
is less thq&hlgﬂuﬁgedeternlned maxi mum anbi ent tenperature, and the cooking
appliance is 1n the off state when the exhaust air tenperature is | ess than
a predeterm ned anbi ent tenperature. 12. The method of claiml,
wherein the radiant tenperature is neasured using an infrared sensor.

13. The met hod aim1 re t.he .exhaust  ai eratu nd t he

anbi ent tenperaﬁ% lﬁﬁyﬁﬁgc@thﬁh$QM%?ﬂ?ﬁ§C9@HFPF§P §W§ ¢ measur ed
usi ng respec ive ure sensors. 14. The met hod of claim1l,
further corfp ar“§§ Z’d’gé? qg‘éﬁ“i confrailing peowtiomeldhe deast mermeariaed Splapsinef or e sai d
controllln% t he exhaust air flow. 15. An exhaust ventilation system
adapt ed for*?i8&-with a cooking appliance, the exhaust ventilation system

i ncl udi ng an exhaust hood, conpri sing: a control nodule coupled to a
nmotor controller and adapted to determ ne a status of the cooking appliance
based on a neasured radi ant tenperature and a neasured exhaust air

t enper at ure, andladHptsesiemof cloim I olwhereieibeatagts ofithe chblong ampliendsasdaiesn t he
determ ned status of the cooking appliance; an exhaust fan for renoving
exhaust ai = cgenpg stetethnbyleistaee andak offgtanppl i ance; a nmotor control |l er coupl ed

to control nodule and the exhaust fan; at | east one sensor coupled to
the control nodul e and adapted to neasuring the radiant tenperature of a
surface of the cooking appliance; at | east one tenperature sensor

coupl ed to the eontThelsystadul elaingdl, aiteashied cbardl RRdexhkastsdls the eghduar
nmeasuring the tenperature of the exhaust air.
flow rate by changing the exhaust flow rate between a design exhaust flow rate

(Qdesign), an idle exhaust flow rate (Qidle), and an off exhaust flow rate, based on a

change in the appliance status.

23. The system of claim 22, wherein the control module sets the exhaust flow
rate to the design exhaust flow rate (Qdesign) when the appliance status is in the cooking
state, to the idle exhaust flow rate (Qidle) when the appliance status is in the idle state,

and to the off exhaust flow rate when the appliance is in the off state.

24.  The system of claim 15, wherein the control module further determines a

fluctuation in the radiant temperature.

25. The system of claim 24, wherein the control module determines that the
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16. The system of claim 15, wherein the at |east one sensor for measuring

the radiant tenperature is an infrared sensor. 17. The system of
claim 15, wherein the at | east one sensor for measuring the exhaust air
tenperature is a tenperature sensor. 18. The system of claim 15,

wherein the control nodule controls the exhaust air flow rate by

control | i n@oskisPafliate i$ MehexdoRirgistatedRhen there is a flukbhatidh 1By fldgi of cl ai m 15,
further conprising at |east one notorized bal anci ng danper attached to the

exhaust ho QQnISZegatﬁlQ%di e radlidR ltéiﬁ‘f?erﬁlflreti@%reﬁéhﬁéfﬁi prdddteri@ld nRtnRInS g exhaust

hood. The system of ‘cl ai m 19, wherein the control nodule further

controls t hénﬁe%g%%%%dg‘%{él %gh aE?S i ¥hSQREH ‘!ﬁiié?‘qkf e RAR) ﬂdcﬂﬁti?rt 1C the at

| east one notori zed nper . e systemo al m 15,

uher of 1 theuBhRidleRhu 151900000 ARlhANS T hUSHUEA RuGgKLNG State, an

idle state and an ‘o state em o Im 2L, wherein the

control noduyle controls..t exhaust flow rate b hangi ng, t he exhaust fl ow
rate bet megyﬁlcgla%oenslflghe %()i(lﬁggﬁél{lp efr‘I(;‘atBI\‘/?/ apg e T {ﬁgg?"é‘%e)ra urﬁﬁsg];eiﬁqgm’ewgﬁ@fmf | ow
rate (Qdl g% nd. an 8ff exhaust flow rate, based on a change in the
appl i ance ééif:%@me radiant WWPCHNEC- sy st em of ¢l ai m 22, wherein the control
nodul e sets the exhaust flow rate to the design exhaust flow rate (Qdesign)
when the appliance status is in the cooking state, to the idle exhaust flow
rate (Qdle) when the appliance status is in the idle state, and to the off
exhaust flow rag@ wHSHYstem ohpigin Andarthes incipdinge tgmpergiuggy snsor for 24. The
system of claim 15, wherein the control nodule further determ nes a
fl uct uat i omeakBingad pahient lemparrqeidhe P5in tiheicioyty PEre gEntgétipnmytam. wher ei n
the control nodul e determ nes that the

27. The system of claim 26, wherein the control module is further configured to

determine a difference between the exhaust air temperature in the vicinity of the exhaust

hood and the ambient temperature in the vicinity of the ventilation system.

28. The system of claim 27, wherein, based on the determined temperature
difference, the control module determines that the cooking appliance is in the cooking
state when the exhaust air temperature is greater than or equal to a maximum
predetermined ambient temperature, the cooking appliance is in the idle state when the
exhaust air temperature is less than the predetermined maximum ambient temperature,
and the cooking appliance is in the off state when the exhaust air temperature is less than

a predetermined ambient temperature.

29.  The system of claim 15, wherein the system is calibrated before the control

module controls the exhaust air flow.
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cooking appliance is in the cooking state when there is a fluctuation in
the radi ant tenperature and the radiant tenperature is greater than a
predet ermi ned m ni num radi ant tenperature, the cooking appliance is in the
idle state when there is no fluctuation in the radiant tenperature, and the
cooking appliance is in the off state when there is no fluctuation in the

radi ant tenper aBor eAadghd] hdoRdbddhtrbIEAP ek el flot rhie$Sard HAdBusd M Ni mum

predeterm ned radi ant tenperature. 26. The system of claim 15,
further incledglaiigy FsitBBRAHALHE S SHASL hoddbosIRASIYHNEa @ka?rfgbdpgﬂénc% gpperature
of the air in the vicinity of the ventilation system 7. The system

of clai m 2@ N8Nt bigriGapt rol nodule is further configured to determ ne
a difference between the exhaust air tenperature in the vicinity of the
exhaust hood an ' re.l Vi gl piLy. ventilation
system 28 P H%Eses sygl ? g’%ﬁ%ﬁ%ﬁ%ﬁ#ﬁ fdt%notef?%l Cr? ?Elggsa%%mgéne a%"rqgfo%let erm ned
tenperature _dif.f.erenc t cont.r ol u determnes that the cooking
appl i ance icgrdmlrélﬂl? tgle 8%5??2%“’3%‘ {a%tbgse\idﬁ)egﬁg? “huege% l?g?haﬁlc? Stg ?’*rper ature is
greater than or equal to a maxi mum predeterm ned anbi ent tenperature, the
cooking appliance is in the idle state when the exhaust air tenperature is
| ess than the predeterm ned i .anbi ent tenperature, and the cooking
appl i ance is in3the l&?fcpng?lé’?gﬁ%fgr%mffﬁ%e‘%ﬁ*ﬁiﬂgfheﬁPhﬁnéﬁﬁé’i“éﬂﬂU@e‘f s | ess than
a predeterm ned anbi ent tenperature. 29. The system of claim 15,
wher ei n t hé «99spg frtesidiesfagindie@isttore the control nodul e controls the
exhaust air flow 30. A control nodule for controlling an exhaust
flowrate in an exhaust ventilating system conprising an exhaust hood
posi ti oned above a cooking appliance, the control nodul e conpri sing:

a processor conf2gufledonigoldetdetemifickrim 341 wiharsin tife exhaistBok ratginajwdes ance and
for controlling the exhaust flow rate based on the determ ned appliance

st at us. a desig® éxhalit dlowonte (QlesianglLan édle Exlausti flrowdRte (Qide)eaml dnhef ehplistance
status includes a cooking state, idle state and an off state. 32.
The controlflomodttl e of claim 31, wherein the exhaust flow rate includes a
desi gn exhaust flow rate (Qdesign), an idle exhaust flowrate (Qdle), and
an of f exhaust flow rate. 33. The control nodul e of claim 32,
wherein the control nodule controls the exhaust flow rate by setting the

exhaust flow ra® tThedgurélfmddaR AeRiE N2 exRA4S thefdopMoImAidRiIe doRBolk e exhaust
flowrate, and the off exhaust flow rate. 34. The control nodul e of

claim 33, waesi flow Weasy s{eﬁﬁgmthpﬂoma& B GnQ%fﬁfé(aQiQIg?)léHaﬁét?l’ovﬁQé, control

nodul e changes the exhaust flow rate to the design air ow rate, when the

appl i ance i it kbfist fHverEO 9K M8 ofledhfisf MGy Nt rol nodul e changes the

exhaust flowrate to the 1dle exhaust flow rate and when the appliance is
in the off state the control nodul e changes the exhaust flow to the off
exhaust flow rate.

34.  The control module of claim 33, wherein, when the appliance is in the
cooking state, the control module changes the exhaust flow rate to the design air flow
rate, when the appliance is in the idle cooking state the control module changes the
exhaust flow rate to the idle exhaust flow rate and when the appliance is in the off state

the control module changes the exhaust flow to the off exhaust flow rate.
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35. The control nodul e of claim 30, wherein the control nodul e determ nes

the appliance status by neasuring an anbient tenperature of the exhaust air
gener ated by the cooking appliance, "and by neasuring a radiant tenperature
of the cooking appliance. 36. The control nodule of claim 33, wherein
the control nodule is configured to determ ne that the appliance is in the

cooking state wwh thecibpHsduldbf cldifMIehatinghd ®nbEab&lle iRk qRaual to
a maxi mum predet erm ned anbi ent tenperafure, that the appliance is in an

idle state yhgmt Q@tu%?ﬁié%miﬂ%%% 5@@3@&%@&%&&&5&@&9& LherRi8g&her M ned

maxi mum anbr ent tenperature, appliance 1s 1n"an off "state when

axi mum ambi e . s Thoan
Lempor it ur €00k TGRS i LR BopLERE eI B e cont v o

nodul e is configured to determ ne that the appliance is in a cooking state
when there is a fluctuation in the radiant tenperature and the radi ant
tenperature is greater than a, predeterm ned m ninumradjant tepperature,
that the applianCe #Ee ‘foﬁtrglrfn?‘ﬁﬂeeoﬁaé‘?e?’?vﬂgﬁmf‘ﬁger‘é’nfrgl THE “??168? 18rgioin the
radi ant tenperature, and that the appliance is in an off state when there
is no fl uc%@?ﬂ’?ﬂgﬁ that theraplianes it the sppldnattale &7hgm theeraustal RPeaWmisr at ure i s
| ess than a m ni mum predeterm ned radi ant tenperature. 38. The

contr ol nocﬁ&?aéeréhan@rrsﬂw@mmwwme@eﬁr@wﬁ@ggwnh@m@rem&aﬂw@ps t he exhaust
air flow by controlling a speed of an exhaust fan attached to the exhaust
hood. appliancTisan e ile wate wbetuthe extiaust aai tempoatughietess that the control nodul e
controls the exhaust air flow by controlling a position of at |east one

bal anci ng duerdstarmaned sekied:n ambike texpeaatste, awichat the appliance is40 an $ffastatont r ol
nodul e of claim 30, wherein the control nodule further calibrates the

syst em bef orlencheasxgaustjait teenperehael stless ltlew arpad¢determined ambiéilt terApdredufeod f or
controlling exhaust air flow, conprising: receiving, at a control nodule, a
first sensor signal; receiving, at the control nodule, a second sensor
signal; and controlling an exhaust air flow rate based on the received
first and second7. The control module of claim 33, wherein the control module is configured to

determine that the appliance is in a cooking state when there is a fluctuation in the radiant
temperature and the radiant temperature is greater than a predetermined minimum radiant
temperature, that the appliance is in an idle state when there is no fluctuation in the
radiant temperature, and that the appliance is in an off state when there is no fluctuation
in the radiant temperature and the radiant temperature is less than a minimum

predetermined radiant temperature.

38. The control module of claim 30, wherein the control module controls the

exhaust air flow by controlling a speed of an exhaust fan attached to the exhaust hood.

39. The control module of claim 30, wherein the control module controls the
exhaust air flow by controlling a position of at least one balancing damper attached to the

exhaust hood.
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signal s; wherein, the first sensor signal is an infrared signal. 42.
The nmethod of claim4l, wherein the controlling includes outputting a

signal to vary the exhaust flow rate. 43. The nethod of claim42,
wherein varying the exhaust flow rate includes at |east one of changing a
speed of an exhaust fan and actuating a bal anci ng danper. 44. The

et hod of cl ai mebl, THAREEbNbAR: b il BERRALHANbol FodudTARM € Of 2

radi ant tenperature of a surface o cooki ng appl i ance a e second

sensor Si g%@iilgj% S@g%iﬁ%#%gfopgchgég%{hg@%%g%{e tenperature, exhaust air

t enperat ure, air pr hod for determ ning a

status of an appliance, conprising: receiving, at a control nodule, a first

sensor signal; receiving, at the control nodule, a second sensor signal;

and deéerm’ ing, in the contro|l nodule, the status of the

appl i ance based *n I’i%eﬂ?ogllcigig‘?})élgo“hingﬁ‘haﬁﬂd’“ Lo BE ¥ or signal s; wherein,

the first sensor signal,is an infrared signal. 46. The met hod of

clai m 45, wherein tReT¥Rg:3ha confenl @oduls, olst srsossighdki ng state, an idle

state and an. off state.. 47. The nethod of claim45, wherein the first

sensor signal is a itedsingt gr cantreldpadnle, ¢ eaepest wntr sigedl; ghdsur f ace of a

cooki ng appliance and the second sensor signal is a neasure of one of

ambi ent air tenper atanirelling g sxhaustaintlopenisdasadiondhe rgeriveshdivstirsd sedond pr essur e.
signals;

wherein, the first sensor signal is an infrared signal.

42. The method of claim 41, wherein the controlling includes outputting a signal

to vary the exhaust flow rate.

43. The method of claim 42, wherein varying the exhaust flow rate includes at

least one of changing a speed of an exhaust fan and actuating a balancing damper.

44. The method of claim 41, wherein the first sensor signal is a measure of a
radiant temperature of a surface of a cooking appliance and the second sensor signal is a
measure of one of ambient air temperature, exhaust air temperature, and exhaust air

pressure.
45. A method for determining a status of an appliance, comprising:

receiving, at a control module, a first sensor signal;

receiving, at the control module, a second sensor signal; and
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48. An exhaust ventilation systemto use with an exhaust source,

conpri si ng: a control nodule to determ ne a status of the exhaust
source based on a neasured radi ant tenperature of a surface of the exhaust
source, and a neasured paraneter; at | east one infrared sensor

coupled to the control nodule to neasure the radi ant tenperature; and

at |east one of an gham§he & the cBRRALRUHESHS ?cat%%fthéapﬁfmée%&edadnghe
terrperat ure sensor, and an exhaust air pressure sensor, to provi ae t he

measur ed pat@iRHSHst and second@nsABiohaiflaust ventilation systemto use with a
cooki ng appliance, the exhaust séstén1conprising: a control nodule to

cont rol an exhaust ghief] QWEALENAREH 100 abldiSlpar aneter and a second

paraneter; at |east one sensor coup e control nodule to sense the
first paraneter; and at |east one sensor coupled to the control nodule to
sense the second paraneter. 50. The system of claim49, wherein the

control of the h t flo te inc)udes outputting a signal to vary the
exhaust flow ratg'é'. e metho‘ﬁ/ﬁ{C? s etrﬁlﬁﬁl?fs’“’éﬁl?sdp Hep ONFRER SPKIREHAIPng t he

exhaust flow.rate includes at |east one of changing a speed of an exhaust
fan and ac@BéIFﬁﬁmémgé?% &@ffg danper . 52. The system of clai m 49,
wherein the first paraneter is a neasure of a radiant tenperature of a
surface of a cooking appliance and the second paraneter is a neasure of one

of anbient air tenperature, exhaust air tenperature, and exhaust air
pressure. 47.  The method of claim 45, wherein the first sensor signal is a measure of a

radiant temperature of a surface of a cooking appliance and the second sensor signal is a
measure of one of ambient air temperature, exhaust air temperature, and exhaust air

pressure.

48.  An exhaust ventilation system to use with an exhaust source, comprising:

a control module to determine a status of the exhaust source based on a measured
radiant temperature of a surface of the exhaust source, and a measured parameter;

at least one infrared sensor coupled to the control module to measure the radiant
temperature; and

at least one of an exhaust air temperature sensor, an ambient air temperature

sensor, and an exhaust air pressure sensor, to provide the measured parameter.

49. An exhaust ventilation system to use with a cooking appliance, the exhaust
system comprising:
a control module to control an exhaust air flow rate based on a first parameter and

a second parameter;

at least one sensor coupled to the control module to sense the first parameter; and
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53. A control nodule to control an exhaust flow rate, conprising: a
processor configured to process a first received sensor signal and a second
recei ved sensor signal, at |east one of the first and second sensor signals
being an infrared signal; and a menory to store at |east one of input
vari abl es, process variables, process control set points and calibration
set points, at 1e¥dd BAdeRsdr G@uﬂé@@%ﬁ@ﬂﬁ&dﬁ@é o SE&@ tl@‘s@@dﬁﬁtpa;ah@@r r at €
based on the first and second received sensor si gnal s.

control nodule to determine a status of a cooking appliance, conpr|5|ng.

a processor configured to process a first received sensor signal and a

second received5e | e of fifst econd sensor
58 ﬁlﬁg Iygtgrg clalrﬁgw vg}%?em Gl coﬁjtrol o? fhe exlgaustst? OW % E?§

signals being an’i “at | east one

of input varia Ies [ocess arla ces control set points and
calleatloﬁmé%es PW?ggasgnd 0%%@ h?ﬁé Bg%ssor deterni nes the status
based on the flrst and second recelved sensor si gnal s. 55. The
control nodul e of claimb54, wherein the status indicates one of a cooking
state, an idle state and an_off state. 56. A control nodule to

control an exhadst FIeoWsFR©E cla% ﬁ%r\’y}?f‘% varying the exhaust flow rate includes at

least one of changing a speed of an exhaust fan and actuating a balancing damper.

52.  The system of claim 49, wherein the first parameter is a measure of a radiant
temperature of a surface of a cooking appliance and the second parameter is a measure of

one of ambient air temperature, exhaust air temperature, and exhaust air pressure.

53. A control module to control an exhaust flow rate, comprising:

a processor configured to process a first received sensor signal and a second
received sensor signal, at least one of the first and second sensor signals being an infrared
signal; and

a memory to store at least one of input variables, process variables, process
control set points and calibration set points;

wherein the processor controls the exhaust flow rate based on the first and second

received sensor signals.

54. A control module to determine a status of a cooking appliance,

comprising:
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a processor configured to process a received infrared sensor signal; and
a nenory to store at |east one of input variables, process vari ables,
process control set points and calibration set points; wherein the
processor controls the exhaust flow rate based on a fluctuation in the

I nfrared sensor signal

a processor configured to process a first received sensor signal and a second
received sensor signal, at least one of the first and second sensor signals being an infrared
signal; and

amemory to store at least one of input variables, process variables, process
control set points and calibration set points;

wherein the processor determines the status based on the first and second received

sensor signals.

55. The control module of claim 54, wherein the status indicates one of a

cooking state, an idle state and an off state.

56. A control module to control an exhaust flow rate, comprising:

a processor configured to process a received infrared sensor signal; and

a memory to store at least one of input variables, process variables, process
control set points and calibration set points;

wherein the processor controls the exhaust flow rate based on a fluctuation in the

infrared sensor signal.
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