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Fig. 3A

(57) Abstract: Systems and methods for monitoring clogging in a cooking hood (120) are disclosed. The systems and methods can
include measuring temperature in the non-exhaust side of a filter (110) and measuring pressure in an exhaust side of the filter (110)
using temperature and pressure sensors (140,160). The systems and methods can further include comparing the measured temperat -

o ures and pressures to baseline temperature and pressure values to determine if clogging occurs using the controller (170), which is

W

communicatively coupled with the temperature and pressure sensors (140,160).
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FILTER CLOGGING MONITORING SYSTEMS AND METHODS

FRIQRITY
{0001} The present application is an intemational application claiming the benefit of
prority 1o .8 Provisienal Application No. 827205249 filed on August 14, 2015, which

i incorporated herein by reference in its entirety.

TECHNICAL FIELD

(G003 This invention relates  monitonng fiters, and more particulany 1o systams

and devices for monitoring clogging within cooking hood exhaust filfers,

BACKGROUND

§G003) Kitchan axhaust hoods are typically provided over cooking sreas fo help

remiove airborne greass, combustion products, fumes, smoke, odors, heat, and steam
from the area above the socking area. A fan in the exhaust hood draws the air away
from the cooking area and into the exhaust hoed, The sir is then drawn through a filter
within the hood o remove aitbormne greass and partictdate from the air. Finally, the aiy

can be reigasad W an oulside atmosphems,

{00047 Affer profongad use, the filter of the exhaust hood fends 0 begin to dlog
with the material being filtered oul of the air drawn into the heod. As the filfer continues
fo ciog, the ability of the hood to draw alr away from the cooking area and into the hood
s diminished. Additionally, the risk of fire incrosses as the fiter becomes progressively
more clogged. As a rasult, the fiiter neads 1 be periodivally removed from the exhaust

nood and sither cieaned or replced,

{0005} Unforfunately, it can often be difficuit 1o determine when g filler is clogged.
Visual inspection for clogging is difficul! because the filter i usually located within the
mood and s difficult to view without, for example, removing pieces of the exhaust hood.
Simitiarly, detecting filter clogging by visually monitoring the e above the cooking arga

can be unreligble and inconciugive.
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{8008} Accordingly, i would be bensficial {o provide a way fo monitor filler
clogging that does not requir& divect visual inspechon. | would also be benefioal fo

provide a way to autamatically alert g user o Gilter dogging.
SUMMARY
[o00Ty Dascribed herein are gysfens and methods for auteenatically monttoring

the clogging of exhaust fillers, such as sxhaust fillers uged it cooking hoods. The
systems and methods describad hersin allow for monttonng of exhaust filters without
requiring dirsct visual inspection of the exhaust filley,  The systems and methods
desuribed hergin also provide for sutomatio slerts {0 be fransmitted when ologging of
the filter baging 1o ocour. The syslems and methods desaribed herein also provide for
sstablishing cusiom baseline lemperature and pressure measuraments ussd {o delsct

fitter clogaing are slso customizable mondoning

{0008) i some embodiments, the system for monitoring fitter clugging described

harein includes one or more emperature sensors for measuring  residual hest
positionad on the non-axhsust side of a flter inslalied i a cooking hood and ong or
THOTE DIEsSWe sensors posiionad on the exhsust-side of the fller. The lemperalurg
and pressure sensors fake measuremenis and send data o a controller, which collects
and processes the data  In some smbodimeants, the pontroller can compare the
measured tlemperature and pragsure dala 1o baseling femperaturs and prossure values

in the case where the messured lemperature and pressure are sufficiently different
from the hassiine temperalure and pressurs valuss, the controller can send a8 warning
rrassage ndicaling some lpvel of filter cingging. The system generally works an the
principie that the temperaiire will incregse (via residual heat bulid-up) on the non-
gxhaust side of the filter and pressure will decreass on the axhaust side of the filler

when the filler baging 1o dog due o raduced alr fow through the filter.

{2068 i some embodiments, & method of monitoring clogging of a fiter inciudes
measiring the lemperature in the non-exhaust side of the filler and measwing the
pressure in e exhaust side of the filter comparing the measured tempsrature and

pressure 10 @ basseling temperature gnd pressure, and tansmitling 8 waming signal

2



WO 2017/031044 PCT/US2016/047005

whian the temperatire excesds the baseline temperature andior whan the pressure falls
below the baseling pressure.  In some embodiments, the method further includes
pstablishing the baseline lemperature and prassure by reconding temperalure and
prassure data for a period of time oliowing the instaliation of 3 new or clean filter, and
averaging these measirements o thereby sat 3 bazeline lempergture and baseiing

prassure when the filfer s unclogged,

DESCRIPTION QF THE DRAWINGS

{0010} The accompanying drawings, which are incorporated herein and constiduta
part of this specification. Hustrate sxemplary embodiments of the wention, and

together with the general description given sbove and the detsiled desonplion given
helow, serve o explain the fealures of the exemplary embodiments of the invention. i
should be understood that the preferred embodiments are some examples of the

rvention as provided in the appended olgims,

{0011} Fig. 1 is a schematic disgram of a sysfem for monitoring filter clogging in
cooking hoods gecording o v s embodimenis desonbad herein
{001 2) Fig. 2 15 a simple cross-sactional visw of 8 cooking hood having installsd

thaersin various compaonents of a system for monitoring dogaing of flters according {o
various smbodiments described herain,

§8013) Fig. 3A80 are simple oross-sectional views of a cooking hood having

s

nstalled therein various componsnts of a system for moniforing ologging of filters

scecurding o various embodimenis desaribed hersin,

{0014} Fig. 4 5 a flow chart dlustrating a8 method of montoring lter clogging
coording o various embodiments desaribed herein.

{G018] Fig. 5 is a flow chart ilustraling & mathad of carrving out a filter clogying

systerm fearn mode according to various embodiments described herein.

{0018} Fig. & is an lustration of 8 user infedace suilable for use in syslem for

monitoning clogging of filters gecording  various embodimenis descnbed hersin.

P
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{0017} Like referance symbois in the varicus drawings indicste ke slements

unless otherwise indicated

DETAHED DESCRIPTION

018} With reference to Figs. 1 and 2, a system 100 for monftoring slogging of &
fiter 110 installed in & cooking hood 130 sccording {0 embodiments descoribed herain
clydes 8 no-axhaust side mounting device 130, temperature sensors 140 coupled o
the non-axhaust side mounting device 130, an exhaust side mounting device 180, a
prassurg zensor 180 coupled 1o the extiaust side mounting device 150, & contrafler 176,
and & user display 180, The lomperature sensors 140 and the pressure sensor 180
morgior he emperature and prossure, respectively, inade the cooking hood 130 3nd
fransmit measurements © the controller 170, The controlier 170 processes the
measuremeanis and ransmils waming signals o the user dispiay 180 when certain

condiions are matl,

R The filler 110 and the cooking hood 120 used in the system 100 ars
ganerally not inited {0 any spedific type of filter or cooking hoad. The filter 110 can be
any flter suilable for usg in a moé{ing hood. The ooaking hood 120 can be type of
couking hund, including cooking hoods iypically used in personal residences or cooking
hoods used in commercisl restawrants. The size of the cooking hood 120 is not limited
and wili generally depend on the specific application wy which i is used, The flter 110

will generally be g filtey compatible with the cooking hood 120 in which Hs installad.

{00241 As shown it Figgs 1 and &, fhe cooking hood 120 hez a generally

rectanguiarn, shape, though any shape can be used. The cooking hood 120 can have a
pariially open ‘:mi‘t(}rrz fgoa up through which ai in the cooking area passes. The open
portion of the bottom face of he cooking hoad 120 s in fluld communication with the
non-axhaust side of the cooking hood such that air pulled up Info the cooking hood 120

A

anly erters e cooking hood 120 on the non-exhaust side of the flter 118, The

remaining sides of the couking hood 120 are generally dosed and do not permit the

passage of air thergthrough.
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0024 Ag showrs in Figs. 1 and 2, the fiiter 110 has a genarally reclanguiar shape,
and is sized so that the fiter 110 separates the cooking hoeod 120 Into an exhaust sude
1204 and & noneaxhaust side 1208, The fiter 110 needs to seperate the cooking hood
120 into these fwo areas so that no alr enfering the cooking hood from the non-axhaust
side 1208 and fravel 1o the exhausi side 1204 without passing through the filter 110,
The fiter 110 Is orentad in a2 diagonal manner within the cooking hood 120, though
gther grsntations ar pérméttﬁd grovided the fiiter 110 separates the exhaust side 1204
fram e noraxhaust side 1208 of the conking hood 120 While the filter 110 gshown in

B

Figs 1 and 2 hag a re.etarzguiar shape, any othar shape can be used {provided again

inat the shape separates the exhaust side 1204 from the nonvexhaust side 1208,

{00223 The cooking hood 120 also inclusdes an exhaust fan 121 The exhaust fan
can provide the suchon that pulls air fon the cooking ares up into the non-axnhaust side
1208 of the cooking hood 120 and through the filter 110 o the exhaust side 1304 Al

passes nio the exhaust side 1204 and then travels out of the cooking hood 120 via the

axhaust fan 121 and oul fo an extemal almosphere,

{0023] The system 100 further includes norrexhaust side mounting device 130
and axbaust side mounting device 150 The mounting devices 130, 180 are ganeraliy
wead 1o position the femperalive sensors 140 and pressure sansors 180 gt various
incations within the cooking hood 120, including positions away from the walls of the
cooking hood 120 {(Le., in the interior space of the cooking hood 1207 Any mounting
device suilable for use within & cooking hood 120 and which can be mourted o the
cocking hood 120 can be used. The matanal of the mounting device s generally any

haterial capables of withstanding ihe condifions within @ cooling hoad {e.g., elevated

femparalires).

{0024} With reference to Figs. 1 and 2, the mounting devices 130, 180 can include
a plurality of identicat L-shaped brackels. One leg of sach L bracket can be aligned
paratisl with the roof of the cooking hood 120 and coupled o the cooking heod 120
Ay manner of sectring the L brackets 1 the cooking hood can be used. The othey leg
feach L bracket is orientad perpendicudar 10 he roof of the cooking hood and extends
dowr into the intenor space of the cooking hood 120, A plurality of L brackels can bs

5.
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wsed and posifioned throughouwt the onoking hood 120, ingluding in orderly mws, I
other smbodiments, L-shaped brackets pan be secursd t0 the side walls of the Cooking
hood 50 that one ieg of the racket sxdends hworizonially nto the interior space of the

Suking 3 hood 120, St other configurations for the mounting devices 130, 188 can also

)
£
<
fed
§+}
P

[OO2E] in some smbodiments, the mounting devices 130, 150 are adjusiable so
that they can be aligned @ several different configurations, For example, the length of
ihe segment sxiending inle an interier space of the cooking hood can be increassd or
decreased. This can sliow for the placement of temperature sensors and pressure
zansors i differant locations thyoughout the cooking hood, and can alse make a singie

rrouniing device adapiabla for use in cooking hoods of various sizes.

{30263 One o mwre lemperature saensors 140 are coupled o norr-exhaust side
mounting device 130, & some embodimiants, one of more emperalure sensors 148
are colipied o each segment of the mounting device 130 that extends info the interior
space of the non-exhaust side 1308, As shownt in Figs 1 and 3, gach segment of the
mourting device 130 that extends into the inlerior spacs of the non-axhaust side 1308
includes two  temperature sensors 140, though in application, any numbsr of
temperature sensors can be provided on gach sagment. As also shown in Figs. 1 and
2, the lemperature sensors 140 on gach segment are gl equally spaced apart from ong
gnother 8o as o form an evenly dispersed grid of temperature sensors throughouwt the
niarior space of the non-exhaust side 1208, This configuration can allow for taking
mufliple temperature readings throughout the noneaxhaust side 120A of the cooking

00271 The ’{wryggaiwc sensors 140 can be any type of lemperature sensor
sutlable for use in the cooking hood enviranment, which are capable of measwring
resdual heat, and which are capable of rangmitling measuremanis o, for sxampls, a
condrotfer. Exemplary temperatire sensors suitable for use in the sysiem 100 ncludse,

kst are not imited to, themiistons, thermocoupies. and resistance temperature detector

[O02R] Qg or morg pressure sensors 180 are coupled o exhaust side mounting
device 150 In some embodiments, g single pressure sensor 180 coupled to a single

B

..{;}.



WO 2017/031044 PCT/US2016/047005

mounting device 150 s provided in the exhaust side 1304A0 As shown mr Figs, 1T and 3,
the single pressure sensor 180 can be located proximate the exdiaust fan 131, though
other localions on the exhaust side 1204 can be ussd. In other embodiments, mullipte
pressure sensors 18D coupled o multiple mouning devices 15D are provided
theoughout the exhaust side 12048 o oblatn multiple presayre measurermants,

{80291 The pressure sensors 180 can be any type of pressurs sensor suilable for
use i the oooking hood environment and which are capable of tansmitting
rreasirements 1o, for exampla, a controller.  In some embodiments, the pressure

SENSO IS @ pressure ransducer,

{00303 The iemperature  ssnsors 140 and  pressurg zensor 160 are
covpnunicatively coupled fo & controlier 170 so thal temperalre and pressuwre
measuremarnts taken within the cooling hoad 120 can be tranamittad o the controlier
170, Any suitable manner of ranzsmiting data from the lemperature sensors 140 and
pressure sensors 160 o the controller 170 can be used, Figs. 1 and 2 depict 3 wired
communication behveen the temperature sensors 140, the pressure sensors 160 and

the controlier, but wireless and other communications oan be us

00314 The controfler 170 can be any contraifer suillable for receiving and
DrOCEesSing measuraments taken by the temperalirs sensors 140 and prassurs sensors
183 The controlier 170 should alse be capable of ransmitiing signals, such as warning
sing the received data. Exemplary contrailers suitable for use in

3
R

signals, after proces
the systesry 100 include, bt are not imited {0 programmable fogic controliers

{0033} With reference o Figs 3A3C, the filter clogging manitoring systermn 100
operates on the pringciple thal ag the filter 110 clogs, residual heal bullds up on the none
gxhaust side of the hood such thal temperature recorded by the femperglure sensars
140 increases and the pressure recorded by the pressure sensor 180 decreases dueg o

o

rpasad alr flow through the filter 1100 In Fig. 34, a clean filter 110 allows most gy
125 suched into the cooking hood 130 via exhaust far 121 10 passg through the filter,
providging for normal pressure readings teken by e pressure sensor 150 on the

exhaust sides 1208, A small amopunt of air 1254 remaing in the non-exhaust side 1208
at legat temporanty, and lemperaturs readings of the residual heat of this alr are aken

-
“i~
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by temperature sensors 140, In Fig 2B, the fter begins o clog. and 3% a resill less
air 125 passas through the fHfer 110, causing the preasure readings on the exhaust
side 1204 o drop. The bulit-up residual heat of the gir 1258 on the non-exhaust side
120R cguses the emperature to increase on the non-exhaust side 1208, Finally, in
Fig. 30, the filter 110 iz almost completely clogged, with very litle ar 125 passing
through the filter 1100 This resulls in g further drop In pressure on the exhaus?! side
1204, The resitdual heat of the air 1284 not passing through the filter builds-up on the

axhsust side 1208 and further ralges the tomperature.

§0033] irr view of the above discussion, the system 100 disclosed heram operales
by first astablishing 2 baseline temperature and bassline pressure when the Hlter s
newiclean. The Dasshne temperalure and baselineg pressure set & value around whic

the subsequently measursd temperaturss and pressures racorded it the cooking hood
120 diring use should remain provided ihe fier remams wclegged.  When the
emperature recordings begin 10 go up relative o the baseling temperature {dug o
warr alr bulld up on the non-exhaust side 1208 as shown in Fig. 34), this indicates
filter clogning. Similarly, when the prassurg recordings begin 1o go down reiative fo the
baseline prossure {Jue o deorsased ai fiow through the filter 35 shown in Fig. 34}, this
ndinates filter clogoing.  Accordingly, the controlier performs a comparison funclion
wherain the measured temperature and pressure are comparad o the baseling

temperature and prassurs.

{00341 Thus, 8 primary function of the confrolier 170 s 1o recsive temperalive
andfor pressure messurements from tamperalurs sensors 144 and prossure sensors
180 and compare these measurements against a baseling ;@m;}efamm vaite gndior a
basealine pressure value, With reference i Figure 4, g method 400 of monitoring filer
clogaing thal can be camesd cut Dy the controlier s Hlustrsted. In step 410, temperature
and pressure measwrements gre ocoliectad periodicaily durnng uss of the socking hoosd
the temperalire and pressure megsurements are taken by the fsmperaiire sensors
and the pressure sensors, which transmil the measurements o the contraller. i soms
ambodiments, the controller collects these measuremeanis and averages them ido a

single numbsr (such ag 1o reflsct mulligle temperature and pressure measwements

R

{



WO 2017/031044 PCT/US2016/047005

taker over & pericd of tme andior to refiect mudliple temperature andinr pressuwre

L8

measurements taken af differsrt focations at & single point in mea. in step 420, ty

3

megsured {and potentially sveraged) femperatre and pressure measirements arg
compared againgt baseling tempersture and pressure. The confrofler makes this
comparison and determines if the measured temperatures and pressures are different
{or suficiently different) from the baseline temnperalure and pressura. Iy step 430, a
cloguing waming message s ransmitted ¥ the comparison from step 420 reveals that
the measured temperature andfor pressure is different {or sufficlently different) from the

haseing lemperature and pressurs,

f0035] in some embodiments, the hassling temperature velue and basseline
pressure valug are preprogrammed imte the controlier based on, for example, 2
manufacturers analysis of what baseling tempersture and pressurg should be for a
given model of cosking hood. I some embodiments, the user sels the baseline
temperature and pressire using @ user interface that communicates with the contratler.
in atill other embodiments, the baseling temperature gnd pressure are established by
using a learn mode programmed into the controliar, The leam made generally invoives
the system 100 running sinilardy 1 s descrived above, but all of the recorded
pressures and temperatures are recorded and averaged over & peried of time after a
new of clean filter has been installed. I ossence, the learm mode takes lemperatire
and pressure recordings during a tme when # s known that the filter is operating
optimally 0 thereby establish what the temperalive and pressure readings should
stways be, assuming an unciogged filter, The aystem can include @ uger interface that
gliows the user 10 begin a learn mode, which is typically only engaged immediately after
g new of clean filter has been installad. The learn mode can be st up so that various
parameters of the learmn mode can be set by the user. For example, the lsam mode
should be cariad out for a set pericd of time after the instaliation of the new filler. This
value can be pre-sel, or 8 uzer can input the me pericd during which femperature gnd
pressure recordings should be ussd o caloulate baseling fempsrature and pressure.
Further discussion of this user interface and learmm mode customization js set forth

beiow.

8-
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{8038} With reference o Figure 5. & method 500 of carrying out a leam made for
esiabishing a baseling temperaturs and a basehne pressure i Hustrated. In step 51Q,
a new anddor clean fiter & installed i the cocking hwod. The lsarmn mode i3 typically

anly carried out after & new or clean filter i instaliad s as to eraurs that the basaling
temperatures and pressurss being establiished durng the eamn mode reflec! the
oonditions when the filter is unclogged. I step 530, the user optionally sets the leam
maode e periad. The leam mode tme period can be, for exampls, tha range of dates
when the tomperatives and prossurss should be recorded o establish the baseline
femperature and pressure 35 well a3 the tmes during gsach day thatl the lemperature
and pressurs should be recorded.  Sslling ihe fime pericd helps to enswre thal
mgasurements are {aken on a day o al a tme when the cosking hood s not i use,
Ssting a e period alsoe hsips 1o ensire that lemperalire and  pressire
mugsurements gre not taken after a filter fikely beging o log. I some embodiments,
step 520 can be aliminaled. such az when the conlroller includes a preprogrammaed
lwarn mode ime perind.  In step 530, temperatire and pressiure measurements are
recorded during the lgsrn mode tms perind. The temperatire and pressurg
measursmenis are colivcted by the various {femperature and presswrs sonsors included
within the cooking hood and ransmitiad o the controller for processing. In stap 540, all
of the Jdats colieciad dunng the learm mode e period is used 1 calcuiate the bassline
emperature and baseline pressure. The catcuistion can be a basie averaging of aif of
the measwements taken.  In some smbodiments, the controller is programmed {0
shiminate any outlier measuramenis which may skew the bassgline femperalurs and
pressure  meastrements. Onee established by the learn mode, the baseline
fsmperature and baseline pressure can be used in the methods desoribed above as 8
comparison for defermining  omperatires are rising and pressures gre dropping ©

v

theveby dencte fiter clogging.

{0037 In some ambodiments, the controller 170 can be programmed such that
any femperatureg measuramanis and pressure measursments takan within the cocking

hood 120 ihat are different from the bhassh

3

e temperature and baseline pressure
indicate clogaing, and therefore the controlier 170 %r&mmitg & warning message under

these condiions. in other embodiments, the cordroller 100 can be programmsd so that
~10-
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measurad temperature and pressire @ alipwed fo be a pra-set amount differant from

o

the bazeline temperature and prossire before & warning signal is sent. These pre-sat
amounts are tenmed temperatue lerancs value gnd pressure {oleranes value. Any
tolerance values can be used based on, for example, the foisrance of the user {o some
clogging. In some embodiments, e olerance values are g sat number, while in other
ambndimants, the tolgrance values are based on the pereentage values. The tolerance
yalues oan be manually established by the user, or can be preprogrammed into the

confreder by 8 manufacturer.

16038} in some embodiments, the controlier 170 can also uliiize more than ong
femperature  olerance value andfor pressure tolerance valug 0 thersby provids
information refating o degrees of clogging. For example, 8 first ampearature olerance
value and 3 second tolerance value greater than the first temperature Wlerance value

an Do established,  When the measuwsd lemperatre excsads the firs! baseling
temnperature by more than the first lemperature tcierance value nd less than the
second temparatire tolerance valug, this can lesd to the contrdier fransmitling &
warning massags that the filler s beginning o clog  Whaen the measired tlemparatire
exceads the bassling temperaiure by both ihe firs! lemperature {olerange valug and the
second temperaiure tderance value, the controlier can be programmed © fransmst 8
waming message that the filler & clogged  Any number of lerance values for
famperature and/or prassure oan be established o provide any number of levels of

Warnings.

§a034] in some ambodimenis, the controller 170 1 programmed o fransmid
waming messages when either the measured preasure of e measumd lemperatirs

3

differs from the baseline gressurs and the baseline lemperaturg by more than the
cressure folerance value and the amperature tolergnce valug  In other smbodiments,

e conbroffer 170 5 programmed o ransmit & waming message only when both

conditions are met,

{004 Ag shown it Fig 1, the controller 170 is typically localed oulside anddor

away front the cooking hood environment. The contralier 170 locstionidistance awsy

fromy the cooking Rood i genarally not limitad, provided thal the messuremends faken

At
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by the temperature sansors 140 and pressure sensars 1680 can be transmilted  the

controller 170,

{0041} The system 100 furtber includes a user display 1800 The user display 180
is any suilable user dispiay that can communicste with the controller 170 {receive and
transmit datalsignals) and which provides g display for conveving information fo 8 user.
i soma embodimants, the user display alsc provides a user interface allowing 3 user o
input information, data, eto., that can subseguiently be used by, 2.g., the controller. The
user interface can be any sultabis interface. such as a fouch soreen. The user
displayiuser imerface can also include an interface bulion, such as loggle an
dirpctional buttens.  In some embodiments, the user display 180 & incorporated into the
contratier 170 50 that the two components are part of the same devica. I other
smbodiments, the user dispday is part of & device thal is separale from the controlier
1700 in some smbodiments, the user display can be the display of & mobile device,
such 38 3 laptop, mobile phong, aldet computer, eio. {in which cass ihe mobile device

Tay run soffware for interfacing with the system 1004

(D042} With referanes o Figure 8, bwo Hlustrative soreens for displaying on & usey

display 180 of the system 100 are showry & Leam Mode soreen 800, and a Home

{0043} Soreen 800 iiustrates g “Leam Mode” sereen thal a user can interface with
to establish the learm mode discussed in greater detall above. The Learn Mode scresn
800 can includde a Glie box BOY, which indicates that the Learn Mode soreen 600 is
being displayed. The Learn Mode scresn 800 further indlides a dale box 802 and &
fme box 803 for displaying the cwrrent date and time. The date and fime can be sat
marually by the user or date and tme information can be access via, e.4. the infemetl
YWher the date and ime are enterad manuaily by & user, toggle button, a touch soreer,

ar the ke can be provided o aliow the user {o enter the necessary nformatio

jo044] The soreen 800 further includes four Doxes for inpulling the tme range of
the dearn mode: 8 Learn Modes Start Date box 804, g Learn Mode End Date box 805, 8
Learn Mode Daily Start Time box 808, and a Learn Mode Dally End Time box 807, The
Learn Mode Start Date box 604 and the Learn Mode End Diate 805 alfow the yser o



WO 2017/031044 PCT/US2016/047005

sstablish the dates over which the Learn Mode will be carmisd oul, with the Leam Mode
Start Date typically being the day a new Siter is installed, snd the Learn Mode End Date
typically being soms date several days after the Leam Mode Start Date bt before any
significant filter clogging is expecied  The Learn Mode Dally Start Time box 808 and
the Learn Mode Daily End Time box 807 aifow the user to specify the hours duwring the
day when the cooking hood is in use, Seifing the start and end ime gach day can be
useful in situations where, for example, @ cooking hood s not typicaily used sanier in
the day. I such situations, the start can be sef after this early periad of non-use 80 that

temperaturas and pressures are not recorded diging periads of non-use.

f0048] With continuing reference o Figire 8, @ “Home” screen 810 can algo be
displayed on the user display 180 The user display may include duttons of ather
means of switching back and forih betwesn displaying the Haome screen 810 and the
Learn Mode soresn 800, The Mome sorsen 810, ke the Lean Mode Sergen 800,

includes 3 Hile box 801, a date box 6§02, and & time bax 802

{0046] The Home screen 810 further indludes a Current Tempsrature box 611, a
Current Prossure hox 8§12, a Baseline Temperature box §13, 8 Saseline Prassure BOX
514, and 3 Wamning Message box 818, The Current Tempsrature box 511 and the
Current Pressure box 812 provide real time readings for the temperature and pressure
insite the cooking hood {as measured by the temperalure sensors 140 and pressure
sensors 160).  In embodiments, where mulliple temperatire and or pressue
measurements are being taken, the Curent Temperature box §11 andior the Currant
Prassure box 812 can provide aversges. When muliiple sensors arg being used, the
Home screen 810 can alse be adiusted o show Curent Temperatwres or Current
Prezsures i1 vanous regions of the cooking hood. For example, whers the system 100
includes temperature sensors 140 as shown in Figure 1, the Home screen 8610 can
display the Current Temperaturs i the top row of temperalire sansors and the Current
Temperature in ihe bottom mw of sensors.

= =y

{00471 The Baseling Tempersture box 813 and the Baseline Prosswe box 834
display the bassiing tamperature and baseline pressure established during the leam
mode  Providing the Baseline Temperature box 818 and the Baseline Pressure boy

BN
BRI
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o

814 proximate the Current Temperature hox §11 and the Current Frassura box §12 can

allow for real time visual inspection and comparison of the femperature and pressure.

{0048} White nat shown In Figure §, the Home soreen §10 can further inglude
hoxes for displaying the ong or more temperature tolerance valug and the one or muore
nresswre tolerance value, The Home soraen can also mwa‘e the ability for the wser o
manually set and changes these values, such as through the use of tggle buttons or a

nuch sereen,

{0048] The Home soreen futther includes a Warning Message box 815 The
Warning Message Box displays waming messages and other information relating fo the

operation of the filter clogging monitoring systemn 100, In some gmbodiments, the
Warning Message box will display text-based messages relating © the cipgging of the
Sher. such as the fifer is beginning to clog ur hes ologged {(based on the conlrollers
somparison of the measured T and P versus the baselne T and P, and potentialy
taking infe account one of more tolerance values)  While text based messages ave
discussed herein, any other type of warning signal can be provided via the Warning
Message box 818 For oxample, the Warning Message box displays ondy ool

e

instead of tfoxt, with each color denating a state of clogaing for the filter {e.g., green

Warning Message box means no dogging, vellow Warnl 3 SAQS DOX MEans seme
clogging, and red Warning Message box means the hlter is clogged andd nesds W b

replaced)  The user display 180 pan also mdude a speaker so that audio messages
can be transmitted i asdiion to or in place of ihe messages conveyed in the Warmning

Message box 815

{%5{33 The description provided herein primarlly discusses the use of the system

nd methods in conjuncion with a cooking hood.  However, the system described
herain s generally applicabie to any other system including 8 filter which may olog.
Oiner applications of the sysiem described herein include, but are not Eimited to, HVAC

systems, oar, bus, oy aiplane cabin filters, showerbathroom filters, alc.

{0051 A number of smbudiments of the invention have been described.

Nevertheless, i will be understond that various modifications may be made wihout

geparting from the spitlt and scope of the invention,  Accordin aly, i is intended that the
<t
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present invention not be limited to the desaribed embudiments, bud that € has the Rl

cope defined by the language of the foliowing claims, and equivatents theread

o
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CLAIME

What s cigimed i

1. A gystem for monitering clogging of an exhaust fiter instalied in a conking hood,
e sysiam COMpHsng:

a temperature sensor bracket disposed in the oooking hood on & non-exhaust
zigde of the exhaust filter, wherein at ipast 3 porlion of the lemperature sensor brackst
axtendds mdn & noraxhaust side inferior space of the copking hood;

at feast one lemperature sansor coupled with the portion of the temperature
sensor bracket extending it the non-exhaust side interior space of the cooking hood;

a prassure sensor bracket disposed in the cooking hond on an exhaust side of

2 exhaust fiiter, wherain at least a portion of the prossure sensor bracket exiends i
an exhaust side interior space of the cooking hood

at jsast one pressure sansor coupled with the purtion of the pressure sensor
hracket extending into the exhaust side interior space of the cocking hood;

3 user display, and

a controller cormmunicatively coupled with the at least one temperalura sensor,
the ot least one prossuwre sensar, and the user displey, wherain the controlier
receives a tempsratire measurameant from the at lzast one lemperaturs

PROSIVES 8 pressire measuremnent fram the gt least ong pressure sensorn

and ransmits a waming signgl o the user display ¥ one o both of a) the
temperature measurament excesds g base-hing temperalive by more than & fist
temperature folerance value and b} the pressure measurament exceeds 3 base-

dre pressurs by more than a first pressura tolerance vaius,

AN

The system of clgim 1, wherein the al iegst ong lemperature sensor v selected
from the group consisting of a themmistor, a thermocouply, and & resistance

temperature detadtorn



WO 2017/031044 PCT/US2016/047005

3. The system of claim 1, whersin e of more spaced-anart temperature sansors
are coupled to the porbon of the femperature sersor brackel extending into the non-

axhaust side interior spaces of the cooking hood.

4, The systermn of clalm 1, wharein the user display includes & user interface.
5, Tha gystom of olaim 4, whersin the firs! temperature tolerance value and the |

prassure Wlerance valie can be inpul vig the user interface.

&. The system of claim 1, whersin the user display s & component of a mobile
davice
7. The system of dlaim 1, wherein the warning signal i trangmitted when both of a)

the femperature measurament exceads the base-iine temperature by more than the first
famperature tolerance value and b} the pressure messurament excesds the base-line

srezsure by more than the frst pressure wigrance value.

8 The system of claim 1, whersin the confrailer furthey canies oWl & learn mods o

astablish the base-ine temperature and the base-ling prassure

9. A method of monioring clogging 1 a cooking hood exhaust filter, the method
somprising:

averaging periodicaly messured temperatires taken at a non-exhaust side of

(o3
)

the exhaust filter and periodically measured prassures taken al an exhaust side of (e
exhaust filter 1o establish 2 hass-ing lemperalure value and a base-line pressure value,
raapectively, and

fransmitling a8 clogging warning signal when ane or both of {3} a lamperature
measurament faken at the non-exhaust side of the exhaust filter exceads the basaling

femperature by a first temperature tolerance value and (B} 8 pressurg measurement

AP
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taken at the axhaust side of the exhaust filler exceeds the base-line lemperature by &

firat prossure tolerance value

18 The method of claim §, whereln the perodicsly measursd tempersiures are

taken at a pluraiity of locations throughowd the non-exhaust side of the exhaust fifer,

11 The method of claim 8, wherain all temperalure and prassure measuraments are

faken during use of the couking hood,

12, The method of claim &, wherein the first pressre tolerance valug and first

temparature tolerance value are established by a user wnput.

13, Tha method of olaim @, further comprist

transmiiling a ologged warming &ignai when one or both of {8) a lemperaturs
maasurament taken at the nonexhaust side of he exhaust tifer axceads the baseding
femperature by @ second temperature tolerance vaiue and (D) a pressurg measurament
fakean at the axhaust side of the sxhaust fifer excasds the baseqline tamperature by a
sacond prassurs (oBrsnes valug,;

whergin the second temperature tolerance value i grealer than the firgd
te:m;:mramre tolerance value and the second pressure {olerance value is greater than

the fst o ure {olergnoe vaius.

14, The method of claim 8, wharsin the temperature measurement taken at the non-
axhaust side of the exhaust flter & the average of Wwo or more temperatire
measuramanis taken at different locations throughout the non-exhaust side of the

axhaust filter

15, Asystam for monitoring filler clogging, the system comprising:
at least one emperaturs sensor locatad al & non-axhaust side of a fille

at loast one pressure sensy iccaled al an sxhaust side of the diter, amg
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a controlier communicatively couplad with the st least one lemperature ssnsor
and the 3t least one pressure sensor, wherainy the controller transmits a message if one
or both of:

{a) a temperature measwrement taken by the gt least one temperalive
sensoeris higher than g emperature tolerance value, and

{0} 8 pressiure measursment taken by the at lsast ohe pressure

sensor 18 higher than a pressure {olerance vaiug,

18, The system of clam 18, whersin the femperature Wilerance value and the

sressure toleranos value are establishad by a learmn mode carried out by the controtier.

1

4

The system of claim, 16 whergin he lepam mads comprigas,
averaging oericdic temperalure measurements faken by the at least one
fernperatire sensor for a peried of time following instaliation of @ new filter to estabiish
the ternperaturs foierancs value, and

gveraging periodic pressure measurements taken by the at least one pressure
sansor for the peood of tme foliowing instalistion of & new filter to establish the
prassure folerange vaius,

N

18, The system of claim 15, whersln the messags is transmitfed when both of (&)

\

and {h) ars salisfied.
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