EXHAUST APPARATUS, SYSTEM AND METHOD FOR ENHANCED CAPTURE AND
CONTAI NVENT BACKGROUND [ 0001] Exhaust devi ces, such as exhaust hoods
and ventilated ceilings, are used to renove pollutants from occupi ed
spaces Wt h sources of pollutants. Exanples include factories,

ki t chens, o]

processes, k| t @Sggggp‘%%gggg ggﬁwé‘ﬁ) wg@%E&}WéED
appliances respectively. Preferabl s renove pollutants
by drawi ng themfroma col IQ?THHEﬁ%%@PﬁM@che and may al so
provi de a contai nnment function, usually by ensuring that the velocity
of exhaust is sufficient near the source to overcone any | ocal
buoyancy or draft effects to ensure that all pollutants are prevented
from escafBNGKERQWNDgener al occupi ed space. By managing transients
in this way, an effective capture zone is provided. [0002]In exhaust
syst ens, dA0@khauExhalsbderices, satleas exmaghhoods andsantiiated osilingsy adr aw
pollutants and air directly away fromthe pollutant source. In

Ki t chen appgieddatréranss pbhaarx fiatrsbcaypizel splacys dithwsuiek blipalhtsnts.
including roomair, through a filter and out of the kitchen through a

duct syst ﬂiﬂamﬁbl&@fﬂc&lﬂe&a&bﬁ@ﬁ Kitalieriswobleshups, hriddoed b olsits Whieh eshiatnst
flowrate to match the extant requirenents for capture and
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created and the buildup of effluent near the pollutant source, the
'speed of qubgaitivel MIBferdBlY, SBalBHBHL Yertible pOIUTEMA B]/%I?a\z@tﬁ@tﬁeln’?%r‘nate

at the | ovvest poi nt whi ch achi eves capture and contai nnent. [0003] The

exhaust T af gfcRfbh bRM Adar W61 Ee hHY mAARLdpRVRSG CARLRIMBRBRhclich,
usually by ensuring that the velocity of exhaust is sufficient near the source to
overcome any local buoyancy or draft effects to ensure that all pollutants are
prevented from escaping to the general occupied space. By managing transients
in this way, an effective capture zone is provided.
[0002] In exhaust systems, an exhaust blower creates a negative pressure
zone to draw pollutants and air directly away from the poliutant source. In kitchen
applications, the exhaust generaily draws poliutants, including room-air, through
a filter and out of the kitchen through a duct system. A variable speed fan may be
used to adjust the exhaust flow rate to match the extant requirements for capture
and containment. That is, depending on the rate by which the effluent is created
and the buildup of effluent near the pollutant source, the speed of exhaust blower
may be manually set o minimize the flow rate at the lowest point which achieves
capture and containment.

[0003] The exhaust rate required to achieve full capture and containment is

governed by the highest transient load pulses that occur. This requires the



governed by the highest transient |oad pul ses that occur. This
requires the exhaust rate to be higher than the average vol une of
effluent (which is inevitably mxed with entrained air). Such

transi ents can be caused by gusts in the surroundi ng space and/ or
turbul ence caused by plug flow (the warm plunme of effluent rising due

t o buoyancyhaudivése td K hrPHJa.I thﬁﬁmélé\%rlag@vaeme%f%mht (vir&h rﬁfsﬁé\msﬂu

must be renoved through the exhaust blower operating at a high endugh

speed Lo cabutfrAbinchianaheshsh uAslyEcad pbieuta by BLisgoykn, exhaus!

| oad. Providing a hig ust rate--a bru orce proach--is
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propel I ed toward the exhaust i ntake of a hood. This "short circuit"
syst em i nvGREFELC SAPYIR plitrapsientesinelnding dip e d4lsend exhaset 9a8ne, or a
conbi nation of , conditioned and unconditioned air toward the exhaust
hood and HTreWENgABBRsxpausiyate--adhbietfowderanpreachsissasspsiated mithenergy
proven to reduce the volune of conditioned air needed to achieve full
capt ur e ardscencaromisinnadriemuat g drawn adof temmfiace dnwhicboios ratsher
solution in the prior art is described in U S. Pat. No. 4,475,534
titled "VdmodialacatedSysttben, high udiunodeperation indeasepdbenost of hperatingnt or
describes an air outlet in the front end of the hood that discharges
a rel ati vehy ekibaust blavertapdstises theofoise leveloofrine vehtifatiohcsystettt.ng t o t he
description, the relatively low velocity air streamforns a curtain

of air to [pé@jentAlsokdbivh@netinake uf'rainsytemg, sbvensf wititiohatebdeod. |In
the invention, the air outlet in the front end of the hood assists

wi t h separpgbpdrgdaomer dontingd withexbanrd hbbenita AishnévaywHidHMak&epheod.
O her sources of air directed towards the hood create a venturi

ef fect, assgrpRiedesvdra thd exisdiRl intdke! &4 hodtl STIRSBsHRRQYBuit A slinggr aned
in the figures of the patent, the exhaust blower nust "suck up" air

from nunenQusive) 4n SAPLESISwWeRhaBlBpids ahBQirebis!dienbr 4 89@Bindlibn ofl SO
the use of a relatively low velocity air stream necessitates a | arger
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assembly. Such "short circuit” systems have not proven to reduce the volume of
conditioned air needed to achieve full capture and containment under a given
load condition.

[0005]  Another solution in the prior art is described in U.S. Pat. No. 4,475,534
titled "Ventilating System for Kitchen." In this patent, the inventor describes an air
outlet in the front end of the hood that discharges a relatively low velocity stream
of air downwardly. According to the description, the relatively low velocity air

stream forms a curtain of air to prevent conditioned air from being drawn into the

hood. in the invention, the air outlet in the front end of the hood assists with

separating a portion of the conditioned air away from the hood. Other sources of
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[0006]In U.S. Pat. No. 4,346,692 titled "Make-Up Air Device for Range
Hood," the inventor describes a typical short circuit systemthat
relies on a venturi effect to renove a substantial portion of the
effluent. The patent also illustrates the use of diverter vanes or

| ouvers to direct the air source in a dowwardly direction. Besides

the probl calPafech ol metlﬁbqﬁ{grgat%@vém&ﬁ éﬁ%t;ttassc{éstcﬁ[}@d ﬁletﬁ,f%lshgﬁd

above, the |nven |on a €s vanes e alr ow of

t he out put f. v ] I ti

thr ough wHiEHREREeEY aebog%pf*gseapf%ﬁéd Pbe et %%*eﬁtéﬁgf RS
volunme flow to create a suhstantial air velocity ou s l.arge,
air vol urrebVYPY"BW“Hﬁ SUgEUR Rt(amdwr'b?fct‘%”é%‘"&ﬁ%rtasoﬂ” fhevﬁrﬁ’

i ncreases the rate by which conditioned air | eaves the rqom The

| arge, airla %‘PBMIF‘P%’W wesof 2 FRlatively Ipwrvgiocty air streampifcestiiatesd iseTc an
increase the rate by which the effluent disperses to other parts of
t he room ‘{QMID?PC@F%‘@W@[Q]“ thenaipekligilia evercamertee vigapus efiasly thabthe
chem cal vapors present a hazard, |ocal exhaust ventilation devices
are used t®urpusdegtainwillibeve onrtbedipwhal i ng contaminated air.

General ly, an exterior exhaust hood, for exanple, a receiving hood,
i s di sposd@0adlovelnth&. %.M.MW&@IQM'M&E@MMM@M@ Range Hood,"
contam nants. However, theoretical capture efficiency of such a
recei vi ng thedadrehtdrdiesoniibes a typital shoracirquiit dysteaathiat redies bhiscveahay effect
decreases due to crosswind in the surroundi ng environnment, .no matter
how weak tfagemibos awubstantal poti@oot theleflluzet. Theveritart abdd ithedtratds the use
crosswi nd, a funme hood having a back panel, two side panels, and a

hood sash dffidier Vamey ohiagvdreed dilesitee ant sbarceap halenvar@lg dirgétivg. hood.
However, the side panels and hood sash of a fune hood Ilimt the size

of oper at | DEsiGRAGE dr@éle@@%fs@b@é@d \Mﬂpﬁfch| dh@ﬁ%ﬂﬂ@@fﬁéxﬂé@ies&m@d o)
elimnate the adverse effect of crosswi nd, and meanwhile retain the

freedom of yloRR! Ke9hventisRRRo utihE@§ vaﬁ&ct@:r%%cﬁthé%\{r ﬂoQPbﬁhé %uﬁ)u"t Sﬁﬁ\}e\/' ng
hood. [0008]In order to acconplish the key topic,
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cooki ng, heatl ng and ventilati n e sysStem contains an open
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rate by which the effluent disperses to cther parts of the room.
[0007]  Currently, in workplaces where fumes, dust, or chemical vapors
present a hazard, local exhaust ventilation devices are used to prevent workers
from inhaling contaminated air. Generally, an exterior exhaust hood, for example,
a receiving hood, is disposed above the emission source to remove airborne
contaminants. However, theoretical capture efficiency of such a receiving hood
| helds only in still air, the capture efficiency decreases due to crosswind in the

surrounding environment, no matter how weak the crosswind is. To control the



[0009] U.S. Pat. No. 5,042,456, published on Aug. 27, 1991, disclosed
an air canopy ventilation system The system conprises a surface

havi ng two substantially parallel spaced apart side panels surnounted
at their respective upper edges by a canopy. A vent neans having a
plurality of outlets extends between the side panels and -
subst ant | aldKddgirorb 6t ok 8RR, Rimd AEod halThg 448K BhndiNGicPailé pafels A
fan means connected to the vent neans Is adapted to drive a tlow of
air throu to k j er the
Front of (i Sye¥ERkeTRARE pRLRhaer Soadied 8 il Recthufy ol
odors. The,upwardly flow ng ai funme d S ed by an
exhaust | e % site W 31 naod B RSl KRR e

| ateral diffusion of the snpke,and the influence of the crpssw nd,
the ot | R RARSE I QTR RBS D AREteTar hot &6 BEPERRE! onci es
of the upward air_curtain and capopy. Meanwhile, the structure of the
syst em haddvgraarifest gecigasmind ang mearwhilsietain thy freeqane obpperatgrs't he
operation space in which the operator can operate. [0010] Furt her,

U.S. Pat. umperémbsooerrmesikgy whisdogyeseiyingpod2002, discl osed an air
curtain generator includes a casing with a fan received therein so as
to bl ow arf0898] culnterder orassrmplst g kel topie, Y& Pal Naadd 88:0%. r
curtain separates the workers and the source where generates

cont am natpmdblished orbesy@r1988hdisaliosed arcoaibinainh cobking chasding laedsnok e
fromlaterally diffusing towards the operator, but does not isolate

t he snoke vantilatidg kistermdhe eystedscdritains iad ®@pentfigtill $ureowsided Gyranai n
generator. Additionally, the inventor of the present invention

di scl osed @pedorated gtiadie, lgsthef ahivh dare sUrBundial by Noealing/&intef4A fan is
publ i shed on Jun. 22, 2004, and the present invention is a continued
i nventi on mis@idet beldw tescopkinglyrid apdtgiaidie WHIGA Igrtes 18 H8GR2drd an
exhaust hood has a vertical curtain jet which helps to prevent the

escape of Rkl &Y Sating dduPtefiafitithé Yriddie imehesehaps ©f akairdBiktaifdér and
5220910 descri be a canopy type exhaust hood with a horizontal jet to

enhance caphidvthg HA sBkidd@r fréhtiRE coSBRE Bfda. YRWEVEAWLERo Bid linhifed
provi ded on a side face of the canopy hood. US 5063834 describes a

system i n Mgﬁe@anceiﬂok QSﬁIlcﬁE%‘in‘éﬂQ el RalcORo kP, IFurhER YeRErdlp T enove

unduct ed fung rom exhaust hoods. US 4903894 descri bes di spl acenent

ventilati Osgaetaﬁfﬁgn{h%\"@% Bdt n%e&%riﬁﬁ#yg&ﬁpﬁ% f écdo?nrgé@éfg e tahiddvRe

condi ti oned spaCée at |ow velocit out mxing to capture

inmpuritie emtoward a renmoval zone near the ceiling. US
5312296 dzbsegéliglg@és)&éﬁé{ae@%aust hood that is |ocated near the ceiling

R - R S A R
canopy ventilation system. The system comprises a surface having two
subetantial!y paraflel spaced apart side panels surmounted at their respective
upper edges by a canopy. A vent means having a plurality of outlets extends
between the side panels and substantially the whole length of the front edge of
the surface. A fan means connected to the vent means is adapted to drive a flow
of air through the vent means upwardly to form a curtain of air over the front of

the system, thereby entraining within the area fumes and odors. The upwardly

flowing air, fumes and odors are removed by an exhaust means. Though the



jet that runs along the ceiling level and a displacenent ventil ation
registers that distributes air at |ow (non-m xing) velocities.
SUWARY [ 0012] According to an enbodi nent, an exhaust device has a
housi ng havi ng an aspect ratio of at |east ten. The housi ng has
surfaces defining at | east one recess having an exhaust intake. The

housi ng hagysperR @k gsws&hétgdo%ﬁ%fma%t@Fal hﬁ@%bnwwﬁﬁ&z’éaﬁtﬁmeng a jet
regi ster | ocated bel ow the exhaust intake and configured to generate

jets, a fij éﬁ% rTEfe chklfaf‘e Eéné.hsuﬂs aﬂ'ffo éﬁgeﬁéﬂ%é Fthss@é?gg ac]#é&saiﬁ%

and | ocate secon j ets being

substanti f

t he housi ﬁégf}\%%n éé hﬁtﬂ%%’ aus{”qalﬂ;gg ca%\@; 6@%&?@1@ ﬂ&? Bﬁ&hhousﬁﬂ%
contai nin ster stantl ally verti aI ly a ned.
The. surt acuistimhBiing S8R ba e 8 etk angl idinte SEE I TR oRp Bt

pi ecew se arcuate, c qél nuou surface with a |ight source | ocat ed

adj acent tH&F&H WP@@ ¢ aper é’aaﬂﬁ’ﬁ[ﬁi? i ntake defines a |inear

hori zontal_ _intake_ area,, at |east one gortl on of which is covered by a
renovabl e [BP40k. Frherel- T EG- N O AdkSH, PEBEHIdO e €5 2¢@h i ng the
first of the jets that are ained at the exhaust intake areas not
cover ed bydisHesadsibaispyéainanrratoidn@udassd casied wih A fas recsivaddheigh seed
by discharge vents with novabl e vanes or sliding danper el ements. The
first of tasetojbew anaimunigirelsoratopeningmiditl easing agd dhe aipturidie seraatast

i ntake. The second of the jets term nates above approximately 1.8

met er s abdbe workers @and tiey sdpurcawheregsmiaies coptdnuoated dirbdbweverhthe air
housing with an edge of the fume source being positioned to form at

| east a 2Culiagr edy Eotdtes theamdkedrom laiecdly diffusingttbeajdstthe eperatay bgtuch
that all of the fume source lies below the at | east one recess. A
control syddeamat Sotxiathegsmekk fromaiiffusig toatardsethetsideneittwalt teeait bontainat e
of the second of the jets responsively to real tinme nmeasured draft
condi t i onggdnRratos padtiohally\hcinvémter bomeipigsent inveatdrediscidsel &oairr ol
system may be configured to control the first of the jets

r esponsi vedutatrPgdrRahtot in@.STeas NG &, 188144 s@5dhed 8AIuh B 2802Cnd the
whi ch the housing is |ocated. A general ventilation register nay be

| ocat ed adjrasattinieh@oh &la E@rwnateaﬁnvehhsn dRAGAE m\(@éﬂéﬂth.@tpafém register
directing ventilation air downwardly at non-mxing velocities. The

j et regi sty lH%@@Bﬁ!ﬂP%ﬁ%thg&Wdo@ é@tl&ﬂ%ﬁhﬁﬁ JQ%HI&FEQBS tdhe

first and second of the jets e suppl i froma cofmon enum

The fir SW@%&WQ&% ?61) IhEhE i \hﬁnﬂf‘@? hb%ufcreor[?§ 89 Ay gzm

pl enuns are suppl y alr sources at separately contr

flow rat e%ZZb@Qé%la@&fb%réjbé}g)ﬁyQy;?@&mfst ﬁ%ﬂ‘t%%lzmaﬁé%%aﬂgg I ce

‘has a housi
capture. In one the latter, general ventilation air is provided on a side face of the

canopy hood. US 5063834 describes a system in which a ceiling-level ventilation
zone is created to remove unducted fumes from exhaust hoods. US 4903894
describes displacement ventilation techniques in which ventilation air is brought
into a conditioned space at low velocity and without mixing to capture impurities
and convey them toward a removal zone near the ceiling. US 5312296 describes
an exhaust hood that is located near the ceiling with an exhaust intake jutting

from the ceiling level. Ventilation air enters the occupied space via a horizontal



havi ng an aspect ratio of at |east ten. The housing may have surfaces
defining at | east one recess having an exhaust intake. The may have a
perineter adjacent the at |east one recess having a jet register
| ocat ed bel ow t he exhaust intake and configured to generate jets with
a first of the jets being directed toward the exhaust intake and

| ocat ed bgkpwat fungorgy theceiflg Mvel &R h aispldeehiait dénthstioddegisters that
substantially vertically dowmmward. Preferably, |ower edges of a

portion ofdigthguééglﬁri&ﬁ%vggygr@}n%{qy@e@émggst intake and portion of the
housi ng containing the jet register are substantially vertically
aligned. Preferably, the surfaces defining each of the at |east one
recess forma piecewi se arcuate conti nuous surface with a |ight
source Ioc&%g@l@g%acent the jet register. Preferably, the exhaust

i nt ake deft i near horizontal intake area, at |east one portion

of which i vered by a . removabl.e bl ank. The jet. register .may have
di r ect abl dORGE | cACqalyin 16 SFRE TP e L bEvier BEE & hBlsiPhliaag

t he exhaust intake areas, not, covered by the renovabl e, bl ank. The
[irst of tALATRACE G O EbePasieh: 19 TOMREEIES SUFASHOIG TN S HEAst 8RR aust
i ntake. Preferably, the second of the je{s term nates above

appr oxi mat'ergssihavingae exhaliss (itake. fihgdiousigdias ppaifragien pgiacentitipat
source is | ocated bel ow the housing with an edge of the fume source
bei ng posileagmng reecssdiaving a ied sedistar lpoatgd dedaw xdapstdptekpanderti cal
wth the jet register such that all of the fune source lies below the
at | east owwfigecdds gepewtejchh afirstof dumietobeing sirested sowad thegxhaust o
control at least the volune flow rate of the second of the jets

r esponsi vehiake @nddadated belowdhand a dectmafaf the jadé beiogdirected sepstontially

whi ch the housing is |ocated. [0014] According to an enbodi ment, an
exhaust dewdriielihadswawhaolisTing ldway ierdgesof aapprion of Hte lousfngatontassthet en.
The housi ng has surfaces defining at | east one recess having an
exhaust i nddsest intake Rodsioniprizas tiee persimetertaiathgehejdt rédisgtenbeihgast one
recess having a jet register |ocated bel ow the exhaust intake and
conf i gur edsubRtHEaRY Biriicad§tdigned.f Ths surticesiefiniplgederion theditnesst ede
toward the exhaust intake and | ocated below it and a second of the

j ets bei ngedbsLrimd apidsdiasd brtubte coptihieR) duHdewithed Fyht Eberck Mvdited
edges of a portion of the housing contains the exhaust intake and
portions odgihdet BRuSt RQisTON I Ricdaustiftake defifed 81igEarRiriBental intake
substantial 'y verticall'y aligned. The surfaces defining each of the

at | east ofig,! &85 oh@BFch HVARENsIBVEIAUAL £ rREdo DIk SPRE pge Wi th
a light source |located adjacent the jet register. The first of the

jets term r‘%ﬁfs?ecf s dReclaBEs Al f¥rn§ihg'iﬁe fakt Bﬂﬁeﬁ%‘}@?‘é@%ré Biviteat tHd1€

'second of tHe jets term nates above approxi mate neters above a

[Loor | evelunails! iHilike SRS ol bR Afle PEROVADEIARY Nt e -RA0e

of the fumé source belng position rmat least a gree
angle fromthe vertical wth the jet. i r t | t he
e sour e T tERRgef By e rayd Sk b SR BEE b o Bolno8 . o
may be configured . to,control.the first aof the jets responsively to
roal ti e HERE0Red RO don Rt FoRees &t RBE RN of RE TOHYFNg
is located., A general ventilation reqister my be | ocat adj acent
the Lot raigikes dhS ehedaHbRIRS JEHTTtas PBAS BURIGRBIAN LT Eiass above
ventilation air dowwardly at non-m xing velocities. The jet register
may be con? flgerrlevelt 6 futersvhes BhecalrsliB?Ay the hrreine with-eRedged theind
second of the jets may be supplied froma comon plenum The first
and secondugie saece being payitiveediadpim alilepsban2 sisarea gt Baube waitich!

are supplied by air sources at separately controlled flow rates.
BRI EF DESCRIEPeget egisrRAanchdsat all of the fume source lies below the at least one

recess. A control system is configured to control at least the volume flow rate of



[ 0015] The

acconpanyi ng draw ngs, which are incorporated herein and

constitute part of this specification, illustrate exenplary
enbodi nents of the invention, and, together with the general
description given above and the detail ed description given bel ow,
serve to explain the features of the invention. [0016]Fig. 1

LU s e e
3 117 ustr avEea bV b e i oSEL, e BB aGYORR Her el ©

illustrate a

contl%P{htel ir& o?f'thea jett]sorréségrqsti\?ély %nr%a tlenruta Irncéfialsujre(%lI draft conditions in a

space in which the housing is located. A general ventilation register may be
located adjacent the jet register, the general ventilation register directing
ventilation air downwardly at non-mixing velocities. The jet register may be
configured to surround the housing perimeter. The first and second of the jets
may be supplied from a common plenum. The first and second of the jeis may be
supplied from separate plenums which are supplied by air sources at separately
céntroiled flow rates.

[0013]  According to another embodiment, an exhaust device has a housing
having an aspect ratio of at least ten. The housing may have surfaces defining at
least one recess having an exhaust intake. The may have a perimeter adjacent
the at least one recess having a jet register located below the exhaust intake and
configured to generate jefs with a first of the jets being directed toward the
exhaust intake and located below if and a second of the jets being directed
substantially vertically downward. Preferably, lower edges of a portion of the
housing contain the exhaust intake and portion of the housing containing the jet
register are substantially vertically aligned. Preferably, the surfaces defining
each of the at least one recess form a piecewise arcuate continuous surface with
a light source located adjacent the jet register. Preferably, the exhaust intake
defines a linear horizontal intake area, at least one portion of which is covered by
a removable blank. The jet register may have directable nozzles forming the first
of the jets that are aimed at the exhaust intake areas not covered by the

removable blank. The first of the jets terminates at or immediately short of the



regi ster according to an enbodinent. [0020]Fig. 4Cillustrates a
portion of a horizontal and vertical jet register according to

anot her enbodi nent. [0021]Fig. 4D illustrates a section view of an
LVD in which the horizontal jet originates froma position that is
not below the intake, in which there is no light fixture and in which

the | et r%&&Elﬁﬁlﬁnﬂaﬁe.c%?érgbﬁggﬂeis'éc@ﬁ&gf tﬂe‘j\été lﬁ%%t@é‘?@&lié@dﬁroﬂ%a@ly?-

4C, all of are featur that ma e conbli ned or substituted Tor
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degree angle from the vertical with the jet register such that all of the fume source
lies below the at least one recess. Preferably, a control system is configured to
control at least the volume flow rate of the second of the jets responsively to real
time measured draft conditions in a space in which the housing is located.
[0014]  According to an embodiment, an exhaust device has a housing having
an aspect ratio of at least ten. The housing has surfaces defining at least one
recess having an exhaust intake. The housing has a perimeter adjacent the at
least one recess having a jet register located below the exhaust intake and
configured 1o generate jets, a first of the jets being directed toward the exhaust
intake and located below it and a second of the jets being directed substantially
vertically downward. The lower edges of a portion of the housing contains the
exhaust intake and portions of the housing containing the jet register being
substantially vertically aligned. The surfaces defining each of the at least one
recess forms a piecewise arcuate continuous surface with a light source located
adjacent the jet register. The first of the jets terminates at or immediately short of
the exhaust intake. The second of the jets terminates above approximately 1.8
meters above a floor level. A fume source is located below the housing with an
edge of the fume source being positioned to form at least a 20 degree angle from
the vertical with the jet register such that all of the fume source lies below the at
jeast one recess. The control system may be configured to control the first of the
jets responsively to real time measured draft conditions in a space in which the

housing is located. A general ventilation register may be located adjacent the jet



on multiple sides. [0024]Figs. 7A, 7B, and 7Cillustrate an ai mable
hori zontal jet nozzle. [0025]Fig. 8 shows various conbinations of

el enments ventilation el enents conbined in kitchen ventilation system
DESCRI PTI ON OF EMBODI MENTS [ 0026] The efficiency of exhaust systens
that enploy ventilated ceiling systens, where the exhaust intake is

| ocat ed atygbiaferChk!denerd S¥MlatidrreBRtdr direbild Verﬁil‘a@ibh%'ﬂ%dﬂ@mamg at

capture efficiency “of the system iust t-)e assured to prevent t
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[ iti t h h t, i.ntake. Pref bl v, h | h

vor ure. 1 Rl et pe Seae s i Rmey B SRRl SSop RIS P ERIR o
te. In the tilated LIing, the jet ' t he total

e f oct | vertdeh GIE HRPIGRRY AraEHocy SEEAIN FHMIEs ROMZER al e, t he

average contam nant | evel in the occupied zone was shown to be 40 %

| ower than one without and the estinated energy saving potential can
be as high as 23 % [0027] A ventilated ceiling may have features

similar t BRI QESCERTIEHGWir PRAWINGS

[0015] The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate exemplary embodiments of the
invention, and, together with the general description given above and the detailed
description given below, serve to explain the features of the invention.

[0016] Fig. 1 illustrates a side/section view of a lighting ventilation device
(LVD) and fume source in a conditioned space.

[0017]  Figs. 2A and 2B illustrate the LVD of Fig. 1 in section and bottom
views.

[0018]  Fig. 3 illustrate another embodiment of an LVD.

[0019]  Figs. 4A and 4B illustrate a portion of a horizontal and vertical jet
register according to an embodiment.

[0020]  Fig. 4C illustrates a portion of a horizontal and vertical jet register
according fo another embodiment.

[0021]  Fig. 4D illustrates a section view of an LVD in which the horizontal jet
originates from a position that is not below the intake, in which there is no light
fixture and in which the jet register is configured in accord with the embodiment of
Fig. 4C, all of which are features that may be combined or substituted for any and

all of the corresponding features of the other embodiments.



D407473, filed 1.April.1999 and shown and described in US 5312296,
filed 30.January. 1991, both of which are hereby incorporated herein.
In an enbodi nent, the ventilation device of US 5312296 is nodified by
including a vertical curtain jet register between the non-m xing
ventilation register 17 and the horizontal jet register 15. The

vertical ciiealn g sifidhaierebilrdd bt SRRALIRGN has a velocl ty,

t hi ckness and h as to forma continuous curtain jet that

' b k.ght. af ker o
appr oxi mat 0 o 19 Sdfiseln YR WG 8RRRL by BaRit et Rpapyngino
space. In ﬁﬂﬁ@@’r’ elniéodi nment, the device is nodified by lifting the
i ntake ple %ﬁ&‘ 8‘ropp| ng the ventilation registers such that a

confi gurat| i m.| ar_t ot hat JFig. 1 is formed, Preferably, in
this enbod‘oﬁlgﬁf, mg‘grseZ%s—éé-a@q 72(5?”&'3‘?@8 apraimghle; horizppfal iet peazidbe

defi ned. T{bﬁ recei%:,s 108 may have one or nore arching surfaces as

i ndi cat ed I3/ g. Fig- §ishews variogpenrrinationsmy elrents ventiation elamests
shows a preferred enbodi nent of a |lighting-ventilation device (LVD)
10. A genef@Mbized i kifghes yepidgticen systaB2 receives air froma pl enum 134
whi ch may be supplied through a collar 104 shared with another plenum
136 or through a separate collar (not shown). The register 132 is
preferably configured such that ventilation air, cooler than the

anbi ent below the register, is provided at non-m xing velocities as
1s typical for displacenent ventilation applications. The general
venti | at i oBESEHRIBTION OF2EMBY IMERNS not be present. It may be on one
side of the device 101 as shown, or on two or three sides, or it nmay

conpl et el y[0626] r cThe tiieichPol xhdLRDARIANs e chipiiyalertirmd saghger ti cal
and horizontal jet register 138 emts air so as to formsubstantially

vertical asydtemdisiaie tid dshdief inzxetiglochridsat e LaME RUE isParfiiians 122
and 120, respectively. The vertical and horizontal jets nay be

suppl i ed vérliangthgNTRE t3ptutes LifiblchBlof RE AYSBAMES! behsstPA tAfEy Béhe

encircle, flank on two or three sides, of border on a single side,

the LVD 10sprdf@ing gmﬁ@ikieéﬂﬂo&%fdu% tHy @dndiit%hgd rr_égéicé). Cit ALY Eleér‘? Ihd¥n that |

ventilation air, ient air, condi ti1one omair. Each rmay a

be suppl i eflefefiiB ity iof HESnR8EsysWm LA BE iMBHIVEASif a Rdfizontal jet near
the ceiling surface. The air jet is projected horizontally across the ceiling, which
helps to direct heat and air impurities towards the exhaust intake. Preferably,
such jets have a volume flow rate that is only about 10 % of the total supply air
flow rate. In the ventilated ceiling, the jet may improve the total effectiveness of
the ventilation system. With the horizontal jet, the average contaminant level in
the occupied zone was shown to be 40 % lower than one without and the
estimated energy saving potential can be as high as 23 %.
[0027] A ventilated ceiling may have features similar to the devices shown in
DA407473, filed 1.April. 1999 and shown and described in US 5312296, filed
30.January.1991, both of which are hereby incorporated herein. Inan

embodiment, the ventilation device of US 5312296 is modified by including a
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Preferably, the velocity of the horizontal jet 120 is such that it
term nates approximately at the point where it would otherw se reach
an exhaust intake 114, which preferably has a renovable filter 113.
Exhausted funmes and air are renoved via plenuns 106 and exhaust
collars 102 which attach to suitable ductwork. Notw thstanding the
hame, " hOfMﬁ&tl%hnéint'élﬁeai%@r%eﬁz&eéﬁlﬁe%ﬁln%&mgﬁﬂegttilsﬁorilr’é&ié?@ry1?951 hged

toward the center of 'the exhaust i1 ntake 114 sone 1 nterned ate

angl e bet V\gﬁgoﬁliéﬁ f%tﬁ%@%t%{)%dﬂ@ %eﬁ@éliﬁﬁgﬁrﬁj!et ﬁq%?%ﬁ% g‘ﬂé LKBoliRtrifiys ce

ofI us 53|12 odi Ment "o f _ | Kes'are _
| ower e 5.2 YEERE S Bfesb AR Fiodih o8 e KIf F BAAPEPRShoAd iFtFI cCesses

108. This gonfiguration has t nefit qf placing the hori,z al jet
bol ow t he FATREAAARE0r et gt Tttt o B R e PP B ERLe g &
appearance of a ventilated ceiling as  illustrated US 0407473. It al so
clrogat es a %EP%eItB’\?\/%P%rc‘@E%“ 'peatedpn gf ditgHPnBPACE { ﬁb@?@hﬁrewmﬁﬂt e are
| ocated in a surface 109 the recess 108 with | anps 110, for exanple

f | uor escenfevigssnodified Bylifiem ihedntake mlenusn 18 and eranping the vsAtlatiRbus
that a smooth surface 109. Lights and diffusers 140 and 141 may al so
be | ocat edregisters suph that saonBiguratien sigtlastortbat ofNidg.cl isHatmada Rigferably,
alternative enbodi nent, only one of the horizontal 120 and verti cal
122 jets aindhigreoviad@dennina cesess @atindicateil ah 10t Kont mgytetdefined. The
illustrated having the recess and the intake 114 | ocated above the
poi nt wher ecese 1@ maydgivs bee of Bdre a0 Sirédces ablindicatbdinviéigt 1 aal0%Nnd
horizontal jets 122, 120 originate from approxi mately the sane

| ocati on (j0éB8t eRefkdg méw ecdFigoil nwhidhshuive b paefeaed eaibediroéntidia LVD
10. They do not need to be supplied fromthe sanme source of air nor

do t hey nelefhtihg-veniilgiisradievis UVE 100 MEBneraDiahtiBition F&distetin B2 rddeivies
pref erabl e, however that they both are positioned to forma 20 angle

from the vgrfrb@ad plaigm 13308Hcl Aidyee duppiéd tHisughia esi D4 rkitt he

pol I ution-generating part 121 of an appliance 100. Thus, | ower

appl i ancesaiBisdr gienir a8b @ tHFBligh h3uBARky cARF (bt Shewn PRI RERRS 1321 be
| ocat ed nore outwardly. This m ninum angle may be reduced if the

exhaust 1| Qwdrsoil; BEARAREH sGEh fh{é\?yérﬁﬂatfdn%, £8bI8Sthah Ehd BHHRA® BElow the

[ 0032] Preferably the horizontal jet has a velocity of 6 to 10 m's and

a vol une yegister, is provided at non-mixing velocities as is typical for displacement
ventifation applications. The general ventilation register 132 may or may not be
present. It may be on one side of the device 10, as shown, or on two or three
sides, or it may completely encircle the LVD 10.

[0029] An additional combined vertical and horizontal jet register 138 emits air
so as to form substantially vertical and substantially horizontal jets as indicated
by arrows 122 and 120, respectively. The vertical and horizontal jets may be
supplied via a plenum 136 (supplied through a collar 104) and may encircle, flank
on two or three sides, or border on a single side, the LVYD 10. The vertical and
horizontal jets may be supplied by ventilation air, ambient air, or conditioned

-room air. Each may also be supplied from different ones of these sources of air.

11



flow rate per linear nmeter of 21 to 35 cm hr per linear nmeter of the
LVD 10 perineter for a typical kitchen application. These
approximately coincide with the throw conditions identified above.
Preferably, the total volunme rate of the vertical jets to the total
volune rate of the horizontal jets is preferably about 0.25 to 0.35.
These are %?erﬁl@l?,etﬁé%ldc)fy be@kiHoBdomal jdE$20 RUWucR st itemeasesat i ve for
kitchen applications. A preferred aspect ratio of the exhaust device
(e. 0., WP/ RAcki i i ' : j A
nd 28 1 11°5EpaaREal flopofit whbrg R Rk o 16 o
under neat h),.. [ [ t I ke

| engt hs tg)I IB%E%n%%gﬁ?na;s%r%oﬁgyef@%%@% %8E%fﬁrsgﬁf%%so%§oér'ﬁ%ns 139

of the LVD, The, bl ar]é 11

S repl ace re ble.filter cartridges
(not " showemued Pl ledums 8 B SEBe 4 Fplirg 20 o atacf a0 §HHS Shomn
in US 4872892, fil 6. Septenber. 19388). e bl anks 8.,permt the
exhaust t SUSBIToNTSATRY BRI PotR It o BR HeRrReye
Preferably, they are used only over areas with no pollutions sources
and perrritfzerina‘};Q?ﬁéﬂ%qurﬁ SopHen ofttak exhaush inkRker ¥Rt §8Meut i on
source of at |east 20 degrees as discussed above with reference to
t he over hdmgrmandipte 1glebgtween sugb angkarstthe igrizentai g. 3, as di scussed
above, a horizontal jet may be provided which is ained nearly
hori zont allP§3Qs iWdikedbe device QOE,S F11i2gR6 ip thpembadipnenbeilirig. 1.Hbe cent er
of the intake 210, as indicated at 202, or even nore upwardly as
i ndi cat ed isiake@®resigtdiivelydowenedfandibe atigingf tiehorzootad je2 tegistar isace 215.
A conbi nation of these jets may be enpl oyed. In the enbodi nent of
Fig. 3, albweled sdichfasderforn aigw pavikr condigutadios vwth4wo sedassas ¢08.adhiacent
hori zontal jet to help keep it clean such that the horizontal jet
does doublmnfigdnatioy haetha benefiboft plaging tinelsorzguial gt pebvthe ditakowhid ni ng
pl unes) and keep the light cover 214 clean. A vertical jet 218 may

al so be prretirdeglthelog [Hofile sdiplddsiiy AmaraiteastaodntBiid odiliry & r ecess
217 and which has the horizontal jet outlet |ocated bel ow the intake,

but in whijptiaber @Sim40maly. anfsd freated 2HhI6aTBESse8t PrafefsByON
pl enum 216 for each recess 217 on one side rather than two as in the

prior embogsand 8k windodB 13h (RE NRhletein ARHCERIND the ks ONes With dsRpL 10
and one recess 217 are provided in a configuration in which,

pr ef er abl i1 pasgpalyhmdR/ fRAEEER idhfod IBERKE behifE tRdmisen b¥k &3 a

continuous that a smooth surface 109. Lights and diffusers 140 and 141 may
al;so be located at a center between recesses 108. Note that in an alterative
embodiment, only one of the horizontal 120 and vertical 122 jets are provided in
combination with the configuration illustrated having the recess and the intake
114 located above the point where the jet register 138.

[0031]  Preferably, the vertical and horizontal jets 122, 120 originate from
approximately the same location (register 138) which coincides with a perimeter
of the LVD 10. They do not need to be supplied from the same source of air nor
do they need to originate from a common register structure. It is preferable,

however that they both are positioned to form a 20° angle from the vertical and
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[ 0035] Fi gs. 4A and 4B show a configuration for a conmon vertical and
hori zontal register fed froma plenum 250. Fig. 4A shows a section
vi ew and 4B shows a bottomview. A hole 238 generates the verti cal
jet 228. A nozzle 231 generates the horizontal jet 230. The nozzle
231 may be forged with the illustrated shape and an opening in a flat

sheet of ‘?é% whi : 5’#@

regul ar i ﬁhﬁg\/ea S. xéxg\%?rg{%ecgs&%ﬁocﬁ %g%é |B]§I’Iri?sLB p%&hél%s}ﬁ%avd?? op'za%fgr)]fgarﬁz
of the nozgzl e y i e ;238 may
be 4.5 rm Anpiance 108 TR, lode RRAGREOMCR HE e SP B e obe 0
mm These dinensiaqns are illustrative only. Fi.g. 4C.shows in section
anot her coPFgRRIARRFY fartbs [peled mareattylily s ¥R SRRy e
defined in box- shaped extension 242, A hqle 236 generates the
vertical jetugshit i Brinuel oy B Bamared phbedr VRIS RoBEeaRpad
extension 242 generates the harizontal jet 230. The hol es may be
formed at PB8RI ar Preferaplydhe harigenjakislhas aypieeibr of Gtea@nésangsa volume
di mensi ons_are shown. The opening 234 may be 6.5 mmin dianeter. The
hol e 236 nfigw FHe peslingarinetar efinddh 135 anér ppelinasy msienm die Lye 10
jets/holes may be 30 nm These dinensions are illustrative only.

[ 0036] Fi g.perineter fesertypiesl kiicker applivatiopwioseaappraudmaidy ¢ainaithe whth e
horizontal jet 290 originates froma position that is not below the
i nt ake 292thraw codittdng identdfiedsahogel Pgdferabiy the eta vdiume nate ofthe kerticak
register 296 is configured in accord with the enbodi nent of Fig. 4C,

al | of whijets tartiee tetaltusiese tdtatbof theyhdizonmhjeitnizrefierahibabout Bt25tkofBs.any
and all of the corresponding features of the other enbodi nents. The

LVD 293 cortiesiense ot Re&sSadl) 4eqidifddneduey, blt aretrBgrekeiltatigios kiddheA96
which is substantially aligned with the bottom of the exhaust intake

292. A verdpglishtigretl Apliar@nadRet fatiomdftMeekiriust @Qlicd @g. 2808Y indicated
[0037]Fig. 5 shows a control systemthat may be used in connection

with the egrippgidTengseaterangPtch. (Whi ch may include associate signal

condi tioning and data processing el enents) 310 may include one or

nore of 1 [0033]  Figs. 2A and 2B illustrate the LVD in section 2A and plan view (as
viewed from underneath) 2B. Blanks 118 are fitted to portions of the intake
lengths to prevent air and fumes from being drawn into portions 139 of the LVD.
The blanks 118 may replace removable filter cartridges (not shown, but for
example, impact-type grease filters or as shown in US 4872892, filed 16.
September.1988). The blanks 118 permit the exhaust to be drawn in positions
overlying the pollution sources. Preferably, they are used only over areas with
no pollutions sources and permit an overhang of the open intakes 114 over each
pollution source of at least 20 degrees as discussed above with reference to the
overhang angle of Fig. 1.
[0034] Referring to Fig. 3, as discussed above, a horizontal jet may be

provided which is aimed nearly horizontally as indicated at 201, slightly upwardly

toward the center of the intake 210, as indicated at 202, or even more upwardly
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air velocity sensors indicating the average or naxi mum vel ocities (or
sone other statistic) responsive to the novenent of air in the
condi ti oned space, which air novenent affects the stability of a
rising plume, such as drafts, air nmovement induced by novenent of
personnel, etc. identified as anbient drafts 310a; act|V| ty |evel

sensors 319§)in5ﬁ:$af’é%”5':i t%]u%{:tt ,{{T@) SP%B{] kn teg??ﬁé{lp ezﬂas&\ace t hat

may cause aifr nnvenen
informatio fro even ec on in
sttty (PR et mﬁﬁ?ﬁﬁ%ﬁgﬁ% Bt Sabotiies oﬁf%gr Sr@@eht
finder; day 310c fro the activity level my
i nferred, %‘ﬁeﬂera’?m Coé’ebr%d‘ﬂﬁn%%'s pagacaiidnrizants J@Uﬁ\‘ﬂ?mﬂl‘%ﬁp it
kitchen; fume |oad 310d which may be indicated by neans of a fuel
usage i ndi $@RMHEUGH that thediorizaitatiet @%d@@i%d!dt’ir’m{é?&ﬂ?m@fq frap fumesar bon
di oxi de detector, a tenperature or noisture sensor or other
conposi ti dﬁugi@rwutwmp@miamxg pluntieglsans kewp iberigbséaveo@1otieans Amertical
plume, a video stream based event recognition device, for exanple one
conf i gur edet 315 seygidoree prvided! iFiht3 alse dustrateanad dneadimeastevittf a satess
appliance and the nature of the use; and tenperatures 310e such as
i ndoor, oul1¥oand whict mbuimhblézmmlzj&tmwet lob&Xed Bevetirtintakée eut Fhich
recei ves one or nore sensor 310 signals and nmay
there is only one intake 210 connected to a common plenum 216 for each recess
217 on one side rather than two as in the prior embodiments. In an alternative
embodiment, only one intake 210 and one recess 217 are provided in a
configuration in which, preferably, a wall 237 bounds the intake side of the LVD
223.
[0035]  Figs. 4A and 4B show a configuration for a common vertical and
horizontal register fed from a plenum 250. Fig. 4A shows a section view and 4B
shows a bottom view. A hole 238 generates the vertical jet 228. A nozzle 231
generates the horizontal jet 230. The nozzle 231 may be forged with the
illustrated shape and an opening in a flat sheet of metal 240, which forms the
shell of the plenum 250, at regular intervals. Examples of dimensions are
shown. The opening 232 of the nozzle 231 may be 3.5 mm deep and 12 mm
wide. The hole 238 may be 4.5 mm in diameter. The spacing between the
jets/holes may be 30 mm. These dimensions are illustrative only. Fig. 4C shows
in section another configuration of a jet register fed through a plenum 252 defined
in a box-shaped extension 242. A hole 236 generates the vertical jet 228.

Another hole 234 in the side of the box shaped extension 242 generates the

horizontal jet 230. The holes may be formed at regular intervals along the
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control one or nore outputs including drives 304 -308 which control
flow rates indicated by fan synbols 312 - 316. The drives 304 - 308
may be danper drives or speed drives or any device for controlling
volune flow rate. The drive signals may control the exhaust rate,
vertical jet flow rate, horizontal jet flow rate, and/or displacenent

ventil ati ofgfshqw Eﬁérﬁple@%?’dmen%mﬁ%%ré@b{mpﬁ ?ﬁ@bb@ﬁlh&%&%’%’@é &6l

t oget her (e g., a connon drive signal or a nechani cal l'ing in the
control an [ [ I

enbodi ment & %ﬁé‘%?a’ﬁﬁ%nééf&%%m L FEAR TR HamURE, PHE SHRSRABLERen the
both the v 0 0 odi nent , the
exhaust fljgi:’/'f"/tlﬁoa%J g?@;ﬁgﬁﬁaﬁ@%@ﬁ?ﬁ%gﬁsg h%sglaﬁg%gﬁ&o the funme

| oad and/ dlcto afts ar air n the ition
space. Thaogafioe ek afteiraled A factha e B St T 2 Gntobfon e Botiee e
nmodul at ed J espgnse to such i.n ) Far | e, V\,hen t here
is greater Q?éo %’#@ﬁﬁmﬂha Pﬁﬁt‘@gﬁ@% e’&\%g@émagﬁgngdg whighsiBgreny
wor kers novi nq about, the exhaust velocity my orti onateléfe

i ncreased 1amg IBREXpwreranddn whigh @séedeaﬁgert?@ﬁﬂﬁe?réee lﬁra@seﬁdtw@h ely
as well. [0040] Fm% 6 shows a perspective illustration of a

confi gur at§Bbedimenheidtio4e alefmhicnaredeatusrtthabimey batcembied gret s run
along an entire perimeter of a LVD 10. Figs. 7A, 78, and 7C

i |1 ustr at esubstituiadeior anhand z&@fmeqoeesth@f@mesvﬁ@amheﬂ e 350,

which may be a press-fitted plastic nmenber. When a section of the LVD
is fitted smboditenisk sThend/iD 188 ebotemshmeczon @84 vefiraslwition fizist register

i ntakes, the aligned portions of horizontal and vertical jet

regi st er s 268whieh is $ubsthritiallylsligret vathr thaibottomes 1B 6xisdushirtald 29mt Al
angl e toward an adjacent intake section 370 and away from a section

with a bl arktiGlRt2s1ehematesfrdrh ghe jECredister 29 g bl ank sections 372,
sonme of the horizontal jet outlets may be cl osed or plugged. The

hol es for [0bs7]verkigcBhpws @ cdhfroladyetanh Stat shgvie usdd hednpedtiohivithsthgS4

are shown. Any of the nozzles may al so be substituted with a

di schar ge gtapédimehis. BdRYADMMIANEY AU assbbRtdSigAARALIIBhiAF and
data processing elements) 310 may include one or more of:
* air velocity sensors indicating the average or maximum velocities (or some
other statistic) responsive to the movement of air in the conditioned space, which
air movement affects the stability of a rising plume, such as drafts, air movement
induced by movement of personnel, etc. identified as ambient drafts 310a;
. activity level sensors 310b responsive to the movement in the conditioned
space that may cause air movement that can disrupt the plume including
information extracted from event recognition in a video stream, activity from a
proximity or infrared distance detector or range finder;

. time of day 310c from which the activity level may be inferred, such asin a

production workspace such as a commercial kitchen;
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[0041] Whi | e the present invention has been disclosed with reference
to certain enbodi nents, nunerous nodifications, alterations, and
changes to the described enbodi nents are possi ble w thout departing
fromthe sphere and scope of the present invention, as defined in the
appended cl ai ns. Accordingly, it is intended that the present

invention mot bfuntd atied OHG)viﬁé’lﬁ’nﬁﬁ%ﬁﬁﬁo@@ﬁe@%??%}dgglﬁg?if%%mﬁaégfnf,giiqi?éor

has the full scope defined by the | anguage

and equi vabeaheat $Rir&0Euc épéﬁdr@gtd?gﬁs’@,}h{:?rgph}é@gsqhg%m%%ai%lrrgﬁit 2 g and

|'i ghting conmponents, these ar

any of the @ﬁﬁg}g i fi by their renoval. The LVD

st %luct ur est nmay bﬂéﬁ%gt\?l gu‘#'g%‘eﬁg‘qu%é’@feérc\é&?ﬁﬁ%'ﬂeﬁFeSQFﬁm'CQ%{wyw'caw
assenbl ed i apes to cove ol uti,on sources in
vartous. ar & coiofeh &'4ntRRTRe: €088 Shehheraten SVeReceavian dovinnust
i nt akes r%g(ar%rpvi ded as Ip rt of a kit and used to redefine the
exhaust {Tﬁtba BAMRE IS EgUred ta recpgRize Aere dighb medivmdand bervyyuserns

replacenentn rqnnval g% rearrangenent of pollutions sources. Control
adj ust ment & GPRIAICE a9 dhe Dalurrgf the ugrantanual Iy as wel | as
automatically. The LVD enbodi nents may be surface nounted or recessed
into a ceiting BMPeEtYes dPpisHeh asindepnlouvidour] drat plomertemipstzalres My be
| ocated at_all sides of an LVD or only sonme sides. Ceneral

venti| ati dR0B&gi sbepstralie; 398 recrivaseshennl morngersor 8 €UTsiyRAIY shtiomay he
‘LVD. Note al so that although the vertical and horizontal jets in the
enbodi ment@niiekens pediors eutpiitsghaugiog dtivgedts £ GOBIWIICH 1R fIGk Fa¥S, 1N
alternative enbodi nents, the jets may be formed as slots to form
vertical andichiedibydan aymbalstEHrs316. 0043 Hrives 364 SIBUBSHHRbE QH/per

conbi nati ons of elenents ventilation elenents conbined in kitchen
venti | at i ahivey st epeedviivesreny elooizs & CHMGBIIAG vbfﬂﬂiéﬁé»@%té.lt Tﬁéﬁriﬁ}é’ver

an entire ceiling area of a kitchen thereby protecting multiple

appl i ancessigits mialy contalthbexhaeatfg, \.@Wdﬁ??ﬁiom&e}]%oh%rﬁgﬁ&foWr%te
region covered by the multiple recesses 860 can have any unber '

sections pnadicispiadesidri Q@htﬂéﬂcﬁﬁ?ov@f&ie.vﬁhgiggmelgé%yj 5 SoRRflegakeup

ai r discharges 810, such as indicated at ach receSs may have an

exhaust i meparabdf oflfoetng (é.ﬁﬁ%scd?\ﬁnbﬁﬂiigérs@ﬂa%r.g&%oﬁ%ﬁéaﬁ%ﬁ%@{ngﬁag

hori zontal jets can be |ocated at various Focations throu

other coi | g 1ortin et el el PEearBo g feduESbnflica . < 80s

other ceiling fixtures such

are pref ealodihenaiambnta &?J%W(téﬂ‘ggﬁsxfe‘d}‘?%@rg%gq@ T TR

Alternatively the perineter ca Ine

ventilati QariathR REiBRMk Yis2 Vel | (not

[0039]  In an embodiment, the exhaust flow rate is preferably modulated
responsively to the fume load and/or indicators of drafts or air movement in the
conditioned space. The velocities of the vertical and/or horizontal jets may be
modulated in response to such inputs as well. For example, when there is
greater air movement in the conditioned space, such as caused by workers
moving about, the exhaust velocity may be proportionately increased and the

vertical jet speed may be increased proportionately as well.
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. [0044] In the present and all systems, a ventilated ceiling is
ngr?%gugshed]fron1cogventional hoods by being very shaIIOM/rglatkve
to the height at which it is |located. Here in this case, the eg40
842 of the recess 860 may be nore than five tine the distance
fromthe source of funes and the blind end of the recess 860.

[0045] Not ¢ [6040) arbigch shéps @WORBEEMR ifudletth PSUNFLELATRDS, (e

nodi fied by elimnating the lighting conponen

"LVD' s uselical 81 ahd RbRAINNS123K r1aBng LR UL G Setsr ofs B9 0.
possi bl e enbodi nent .

Figs. 7A, 7B, and 7C illustrate an aimable horizontal jet nozzle 350. The nozzle
350, which may be a press-fitted plastic member. When a section of the LVD is
fitted with blanks and therefore has zones without exhaust intakes, the aligned
portions of horizontal and vertical jet registers may be tilted to direct certain ones
376 at a horizontal angle toward an adjacent intake section 370 and away from a
section with a blank 372 as shown in Fig. 7C. Foriong blank sections 372, some
of the horizontal jet outlets may be closed or plugged. The holes for the vertical
Jets 356 are also shown. Tilted positions 354 are shown. Any of the nozzles may
also be substituted with a discharge vent with a movable vane and/or sliding
damper blade.

[0041]  While the present invention has been disclosed with reference to
certain embodiments, numerous modifications, alterations, and changes to the
described embodiments are possible without departing from the sphere and
scope of the present invention, as defined in the appended claims. Accordingly,
it is intended that the present invention not be limited to the described
embodiments, but that it has the full scope defined by the language of the
following claims, and equivalents thereof.

[0042]  Although the LVDs shown including lighting components, these are not
essential to all embodiments and any of the embodiment may be modified by
their removal. The LVD structures may be configured as modular components
that can be assembled to form various shapes to cover pollution sources in
various arrangements in a production space. Blanks that cover exhaust intakes

may be provided as part of a kit and used to redefine the exhaust intake
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CLAI M5 1. An exhaust device (10), conprising: a housing having

[ | [ ; t he housi ng
an aspect ratio of width to height of at |east ten; _
having surfaces defining at |east one recess (108, 217, 860) having
an exhaust intake (114, 210, 292, 370); t he housi ng having a

perimeter adjacent the at |east one recess (108, 217, 860) having a

j et regi st aovegetat bﬁdﬁl@ﬁdﬁ‘@ba%éh@%ﬁifﬂeﬁéb?l‘fﬁe Feyr?‘lcfe e[%?,z rg%n%(%éb%,? 0’2 02,

312) and configured to sinultaneously ge ate st
ol e R
0t 20 S o AR LIGHRIN e 0B 10 2Eco00 1
originate from approxi y st e first (201, 202, 203,
250, 20, SuECGHoHERbr SRt b o <eing or e ool Geseyohemistont o
) o IR R S 8 bt s e
portion of é&ﬁ fousing cont 3; n@ggqe%h%&e;ggg&?e I ?etlﬁg-gﬁét#éi&@%{g:aezar A
370) and_ of %bornt! o nzqy_ M d g 3 Thg@devi ce of Claimi1l,
PRSI T C AT R LT RN ML LI
217, 860) form a‘ pi ecewi se ar cllijat e continuous sur f acg Wi t{hsog@lt'l aht
sour ce havPifg>Rd'e PGt eds foriéng linear Ritgys, it eli@natier erabddiments i€
adj acent t%%yjb%tfotrrﬁgdi gé glrofs to form vertical and horizontal curtains.
[0043]  Fig. 8 shows various combinations of elements ventilation elements
combined in kitchen ventilation system. Multiple recesses such as indicated at
860 cover an entire ceiling area of a kitchen thereby protecting multiple
appliances 816 which can be located anywhere in the kitchen. The region
covered by the multipie recesses 860 can have any number sections producing
horizontal 807 and vertical 808 jets and makeup air discharges 810, such as
indicated at 823. Each recess may have an exhaust inlet 846 drawing fumes as
indicated at 802 thereinto. The horizontal jets can be located at various locations
throughout the multiple recesses to help direct fumes to the exhaust and away
from other ceiling fixtures such as the lights 804. The vertical jets 808 are
preferably located to define the perimeter of the protected are. Alternatively the
perimeter can be defined by a displacement ventilation register 830 or a wall (not
shown).
[0044]  In the present and all systems, a ventilated ceiling is distinguished from

conventional hoods by being very shallow relative to the height at which it is

located. Here in this case, the depth 842 of the recess 860 may be more than
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the first jet is ainmed upwardly such that it flows along the recess
(217) surface (215), and the first jet helping to trap funmes and keep
the light cover (214) clean. 4. The device of Caiml, wherein
t he exhaust intake (114, 210, 292, 370) defines a |inear horizontal
i ntake area, at |east one portion of which is covered by a renovabl e
bl ank. five tile thi elistaviest 0dforflia sautce WhRhRisaridiBe biid £6@bLSHer has
at |l east one directable nozzle formng the first jet (201, 202, 203,
290, 230, 3ddess&®B0), which is ained at the exhaust intake area (114,
210, 292, 370) not covered by the renovabl e bl ank. 6. The
devi ce of @aism 1,pngak [ fd ih ; : 30,
Boaisn R Ry bhfe é_n‘il%ﬂ:dn@ﬁ s(d%gcl,mq X éetégﬁa u@%%oﬁf%'gae

311, 807) termnates at or  immedi ately short o

(114, 210, pg@RmindfifY the lighting chdmpdRENI Gele @k il /i Hseerd, the

conpri si ng:

alternative lacking a light source is also a possible embodiment.
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a fume source (121) |ocated bel ow the housing; and an edge of
the fune source (121) being positioned such that a line fromthe funme
source edge to the jet register forns at |east a 20 degree angle from
vertical, and such that all of the fune source (121) lies below the
at | east one recess (108, 217, 860). 8. The device of daiml
wherein the control system (302) is configured to control at |east
the volune flow rate of the second jet (218, 291, 808) responsively
toreal tine measured draft conditions in the space in which the
housing is |ocated, the control systemincluding air velocity sensors
(310a) indLaBYIBng the average or maximum vel ocities or ot her

statistic res i .all. in the conditioned space,
which air mvgpﬁeﬂﬁl[e a?#sgg{@%wg?ﬁ%?ﬁ%y of a rising plune. 9.
The devi ce of ai.m wherein the control .syste 3 is configured
Lo control at MisPebRubEEh firkern i Fapb g SRR 188 W, ° 501, 02
203, 290, 230, 311, .8Q7), responsively tq real time neasured %raft
condi ti ons in PhBcusHEhaving sytacende Hén%ﬂgqswiqrscq%@%e%},l $0{8 hayre agy|
systemincluding air velocity sensors (310a) indicating the average
or maxi muekhoest guakei (85t 810,29Re3708t ati stic responsive to movement of
air in the conditioned space, which air novenent affects the
stability of ahehaising halinge.perimeter adja@nt ket tastiosereoéss Cl &Y, 317 ,860) having
further conprising a general ventilation register |ocated adjacent

t he jet regt&biter ldched geloertat exhandtiihtaltd (Am4,240) 22eB70) 31 Bcint REnfigured to
ventilation air downwardly at non-m xi ng vel ocities. 11. The
devi ce ofsighRdnbisly ¥hRr8d DfitshRt 281, 229263, 200, 330! PUNE67)ldNRc B Wi Aid the

peri nmeter.
exhaust intake (114, 210, 292, 370) and located below it, and a second jet (218, 291, 808)
directed substantially vertically downward, the first and second jets originate from
approximately the same location; and
a control system (302) configured to control one of the first (201, 202, 203, 290, 230,

311, 807) and second jets (218, 291, 808) responsively to real time measured draft conditions

in a space in which the housing is located.

2. The device of Claim 1, wherein lower edges of a portion of the housing containing
the exhaust intake (114, 210, 292, 370) and of a portion of the housing containing the jet

register are substantially vertically aligned.

3. The device of Claim 1, wherein the surfaces defining each of the at least one recess
(108, 217, 860) form a piecewise arcuate continuous surface with a light source having a

light diffuser, a light cover, or a lens located adjacent the jet register,

20



12. The device of Caim1l, wherein the first (201, 202, 203, 290,
230, 311, 807) and second jets (218, 291, 808) are supplied froma
common pl enum 13. The device of Claiml, wherein the first
(201, 202, 203, 290, 230, 311, 807) and second jets (218, 291, 808)
are supplied fromseparate plenuns, which are supplied by air sources
at separately controlled flow rates. 14. The device of any of
the foregoing clains where the recess depth (842) is nore than five
times a distance between a blind end of the recess (108, 217, 860)
and the funme source. 15. The device of any of the foregoing

cl ai s wher e tthefirseist sxinepupwirdlyancti harmbflews hlang thegéress 2hPssusface (215),
di stance between a blind end of the recess (108, 217, 860) and the
fume sourad (121). 16. The device of Clains 8 or 9, wherein
the control systemfurther includes activity |evel sensors (310b)

responsive to th&frsiey BEBAL td fap fitnes ARG kédpAREH I PGSR (1 1AqLIeRY cause
air novenent that can disrupt the plunme, including information

extracted fromevent recognition in a video stream activity froma
proximty or infrared distance detector, or range finder. 17.

The device of Ll g?"i eu% Cl?%nay%?%g }l{e%\%}%%ﬁﬁﬁ’ﬁ%}? (EMI? b b r%g?%?ﬁnes a

i ncl udes a sensor Bl e’indicat
g‘ff‘lnls O iaf hdrBhndPRBRe A G 02l Bal FSAIGE (Sl 3% BmodNdS bk,
5. The device of Claim 4, wherein the jet register has at least one directable nozzle
forming the first jet (201, 202, 203, 290, 230, 311, 807), which is aimed at the exhaust intake

area (1 14, 210, 292, 370) not covered by the removable blank.

6. The device of Claim 1, wherein the first jet (201, 202, 203, 290, 230, 311, 807)

terminates at or immediately short of the exhaust intake (114, 210, 292, 370).

7. The device of Claim 1, further comprising:

a fume source (121) located below the housing; and

an edge of the fume source (121) being positioned such that a line from the fume
source edge to the jet register forms at least a 20 degree angle from vertical, and such that all

of the fume source (121) lies below the at least one recess (108, 217, 860).

8. The device of Claim 1, wherein the control system (302} is configured to control at

least the volume flow rate of the second jet (218, 291, 808) responsively to real time
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a carbon di oxi de detector; a tenperature or noi sture sensor,
or other conposition sensor which may indicate a conposition of a
fume plune; or a video stream based event recognition device
configured to recogni ze zero, light, nmedium and heavy use of an
appl iance and the nature of the use. 18. The device of dains
8 or 9, wherein the control systemincludes a sensor of tenperature
(310e) such as indoor, outdoor, and plune tenperatures. 19.
The device of Claim1, wherein the device conprises a ventilated
ceiling, the first jet termnates at or imediately short of the
exhaust |measked dé&faccmdéw% Hothe spase in whigh thetheysip slecaigsh ihs)contelsysiem . 8
nmeters above a floor |evel.

including air velocity sensors (310a) indicating the average or maximum velocities or other

statistic responsive to movement of air in the conditioned space, which air movement affects

the stability of a rising plume.

9. The device of Claim 1, wherein the control system (320) is configured to control at
least the volume flow rate of the first jet (201, 202, 203, 290, 230, 311, 807) responsively to
real time measured draft conditions in the space in which the housing is located, the control
system including air velocity sensors (310a) indicating the average or maximum velocities or
other statistic responsive to movement of air in the conditioned space, which air movement

affects the stability of a rising plume.

10. The device of Claim 1, further comprising a general ventilation register located
adjacent the jet register, the general ventilation register directing ventilation air downwardly
at non-mixing velocities.

11. The device of Claim 1, wherein the jet register surrounds the housing perimeter.

12. The device of Claim 1, wherein the first (201, 202, 203, 290, 230, 311, 807) and

second jets (218, 291, 808) are supplied from a common plenum.
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13. The device of Claim 1, wherein the first (201, 202, 203, 290, 230, 311, 807) and
second jets (218, 291, 808) are supplied from separate plenums, which are supplied by air

sources at separately controlled flow rates.

14. The device of any of the foregoing claims where the recess depth (842) is more
than five times a distance between a blind end of the recess (108, 217, 860) and the fume

source.

15. The device of any of the foregoing claims where the recess depth (842) is more
than eight times a distance between a blind end of the recess (108, 217, 860) and the fume

source (121).

16. The device of Claims 8 or 9, wherein the control system further includes activity
level sensors (310b) responsive to the movement in the conditioned space that may cause air
movement that can disrupt the plume, including information extracted from event recognition

in a video stream, activity from a proximity or infrared distance detector, or range finder.

17. The device of Claims 8 or 9, wherein the control system further includes a sensor
of fume load (310d), which may be indicated by means of;
a fuel usage indicator of heat source such as a range or grill;

a carbon dioxide detector;
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a temperature or moisture sensor, or other composition sensor which may indicate a
composition of a fume plume; or
a video stream-based event recognition device configured to recognize zero, light,

medium, and heavy use of an appliance and the nature of the use.

18. The device of Claims & or 9, wherein the control system includes a sensor of

temperature (3 10e) such as indoor, outdoor, and plume temperatures.

19. The device of Claim 1, wherein the device comprises a ventilated ceiling, the first

jet terminates at or immediately short of the exhaust intake, and the second jet terminates

above approximately 1.8 meters above a floor level.
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