WO 20051027644 PCT/ US2004/ 030067 CONVEYOR OVEN W TH | MPROVED Al R RETURN AND
METHOD 5 FI ELD OF THE | NVENTION This invention relates to a conveyor oven

and nmethod that has an 10 inproved heat |oss performnce. BACKGROUND OF THE.
| NVENTI ON A conventional convection conveyor oven uses suction pressure to

i nduce t v foogio2@és8 from wit hin an oven chanber to upgeuszoedodboerer negatively
pressurized plenuns in fluid conmunication with hot air circul ation fans.

This 15 met fwhvévwoventmm IMPROVEDCAIRERETURN ANDAREYHOR the air layers
close to the surfaces of the return air plenuns, Since the effective length

of vacuum influence is short, air noving out horlzontally near the mddle
of the conveyor opening.is not captured and becones | ost heat via an inlet
and/or an outlet of the oven chanber. 20 There is a need for a conveyor
oven g&th i nproved heat |oss performance. SUMVARY OF THE | NVENTI ON A
conveyor oven enbodi ment of the present invention conprises an 25 oven
chanber that includes an inlet and an outlet. A conveyor is disposed to
transport food through the oven chanber. At |east one blower is disposed to
provide at least a first air streamto the oven chanber that traverses the
oven chanber in a first path toward one of the inlet and outlet and a
second aiRIELBIYRANEINIENTEANr ects the first path of the first air stream so
as to substantially i

This invention relates to a conveyor oven and method that has an
10 improved heat loss performance.

BACKGROUND OF THE INVENTION

A conventional convection conveyor oven uses suction pressure to
induce the hot air from within an oven chamber to upper and lower negatively
pressurized plenums in fluid communication with hot air circulation fans. This

15 method of air capture is only effective in capturing the air layers close to the
surfaces of the return air plenums. Since the effective length of vacuum
influence is short, air moving out‘horizontally near the middle of the conveyor
opening is not captured and becomes lost heat via an inlet and/or an outlet of
the oven chamber.

20

There is a need for a conveyor oven with improved heat loss

performance.

SUMMARY OF THE INVENTION

A conveyor oven-embodiment of the present invention comprises an
25 oven chamber that includes an inlet and an outlet. A conveyor is disposed to
transport food through the oven chamber. At least one blower is disposed to
provide at least a first air stream to the oven chamber that traverses the oven
chamber in a first path toward one of the inlet and outlet and a second air

stream that redirects the first path of the first air stream so as to substantially
1



WO 20051027644 PCT/ US2004/ 030067 prevent the first air streamfrom escapi ng
to anbient via the at |least one of the inlet and outlet. In another

enbodi ment of the conveyor oven of the present invention, 5 at |east the
first air streamis heated. The redirected path avoids a substantial |oss
of heat o.0ilteet. | n anot her enbodi nent of the coRUBYB00M3RET of t he
present invention, the second air streamintersects the first air stream
adj acent the at least one of 10 the inlet and outlet. |In another enbodi nent
of the coqrewnthefirehaivstraan fromeessaping twambienhviadhe pilegsione ofithe he second air

streami s, npre Ltive than a pressure of the first air streamat a point
of inters'@@f?%%g%ieé‘re the first path of the first air streamis 15
redirected. |In another enbodi nent of the conveyor oven of the present

i nvention, the conveyo ven fyrther conpris a_heatj ng chanber di sposed
adj acent the T@)@Bﬂ"h%éﬂé%(ﬁmﬁﬂhoéhﬁGE‘EW?E‘?Y% Cﬁﬁ’ﬂﬁ Bfeéﬁﬁéfﬂﬁ?'ﬁﬁ’f‘i on with the at
| east Ne;t38adphiMirt ail Stfecityl Bt eitdd. CTHEEURESted Path BvoRiBe Bistaitanum di sposed
to provide the first air streamtoward the conveyor as colums of

i npi ngenelas af keat txambiedtn into the first path along the conveyor. In

anot her enbodi rent of the conveyor oven of the present invention, 25 the
ductwork further conprises a second plenumin fluid comunication wwth the
i mpi ngenent plisanothebembodimest ohiBe senwydr avan afithe prasenhinsentidner enbodi ment

of the copveyor, pYeR ol ie BERSAHrst BY SR Buiacb AT UPRaGRGIPSY comPr i ses a

oV
10 the inlet and outlet.

in another embodiment of the conveyor oven of the present invention, a
pressure of the second air stream is more positive than a pressure of the first
air stream at a point of intersection where the first path of the first air stream is

15 redirected.

In another embodiment of the conveyor oven of the present invention,
the conveyor oven further comprises a heating chamber disposed adjacent the
oven chamber and a ductwork in fluid communication with the at least one

20 blower. The ductwork comprises an impingement plenum disposed to provide
the first air stream toward the conveyor as columns of impingement air that
turn into the first path along the conveyor.

In another embodiment of the conveyor oven of the present invention,
25 the ductwork further comprises a second plenum in fluid communication with
the impingement plenum to provide the second air stream.

In another embodiment of the conveyor oven of the present invention,
the oven chamber comprises a tunnel oven chamber.
30



WO 20 0510 2 76 4 4 PCT/ US2004/ 030067 In another enbodi ment of the conveyor
oven of the present invention, the second air streamintersects the first
air stream adjacent the at |east one of the inlet and outlet. 5 In another
enbodi mrent of the conveyor oven of the present invention, the conveyor oven
further cwoposseem44 heating chanber di sposed adj acenectiosoomseus7 chanber and
a ductwork in fluid communi cation with the at | east one blower. The

duct work conprises an inpingenent plenum di sposed to provide the first air
stream t owar d Intemothenempodinzent obthemoesveyor ionpn nffbewmesarit invehtion,10 turn into
the first ,path along,the.conveyot. .ln_anpther enbodjnme of the.conveyor
oven of t W@Egﬁfr%frﬁwﬁ?ﬁeﬁ%cys ti‘ﬁgr%a&!tsﬁs?'ﬂe q%c[eﬂgﬂwecag:]&ﬁﬁt 9B& 05 second

pl enum i nifd it ap@BUURAI cation with the inpingement plenumto provide the
second air stream 15 In another enbodi nent of the conveyor oven of the
present invention, the ductwork conprises a plurality of inpingenent

pl enung di spos gy fiheétichiBRIdiméEnt @ the cdiBydrNER ¥Pthe preSerft@vntloR! enumis in
fluid communication with one of the plurality of ‘i npi ngenent plenuns. 20 In
anot her efepnverer aenduéhes sa0wyises 8 heating chaptep dispesed pdipeentites,  t he

duct work i ' ‘ i L I ' 1 rst path toward
the inlet ,O%Sr?t% ﬁé’rﬁgergél?}d pgs?cr{%t\g%ﬂ%'ﬂ%# ﬁegoﬁm@é{at%bgﬁﬁghg%yﬁﬁ%%g a third path
t owar d t hévlawar! dhe danbivosk Eamptisesan impingearent plenumedispasetito pravidehi rd pat h of
the 25 thiyd_.air. stream so stantially reduce the.third air stream
from escaﬁf‘%ﬂr& ?'BSQW&WWS?@G [E??'é\%ggrh § cqlym %éf TTRMEEmETY a8 'F?tet. I n anot her
enmbodifgentiy@fintolire A0pstiaiompthe cofvdyae present invention, -

In another embodiment of the conveyor oven of the present invention,
the ductwork further comprises a second plenum in fluid communication with
the impingement plenum to provide the second air stream.

15
In another embodiment of the conveyor oven of the present invention,
the ductwork comprises a plurality of impingement plenums disposed on either
side of the conveyor. The second plenum is in fluid communication with one
of the plurality of impingement plenums.
20

In another embodiment of the conveyor oven of the present invention,
the ductwork is shaped to provide the first air stream in the first path toward
the inlet, a third air stream in the tunnel oven chamber along a third path
toward the outlet, and a fourth air stream that redirects the third path of the

25  third air stream so as to substantially reduce the third air stream from escaping
to ambient via the other of the inlet and outlet.

In another embodiment of the conveyor oven of the present invention,
an additional blower is in fluid communication with the ductwork.
30



an additional blower is in fluid communication with the ductwork. 30 3 WD
2005/ 027644 PCTI US2004/ 030067 I n anot her enbodi nent of the conveyor oven of
the present invention, the ductwork further conprises a plurality of

I mpi ngenent pl enuns di sposed to provide the first and third air streans. 5
| n anot hewoesboxissaent of the conveyor oven of the preSgidodddy@et i on, the
ductwork further conprises first and second pl enuns disposed in fluid
comuni cation with two of the inpingenent plenuns to provide second and
fourth air st eznethereadivdinnentaf fhe aanveypraven pbihedqresant invention. t he conveyor

oven of b OV, | itd W ; Lsposed above
and bel o@ﬁ‘?ﬂgét@gﬁg{é%%&wrgﬁ%ta ﬁl\?@l&%ﬁﬁ [ t OF B{eﬁgmgﬁiﬁ%o%(gg t;“\)ven of the

present ipnodde therfirst anddhirchpir atyeamat pl enuns are di sposed to provide first

and second cooking 15 regions within the tunnel oven chanber. In another

enbodi ment of the conveyor oven of the present invention, at |east the

first 5air str &aandtiserfensbosiiimert of ties canveyar oven séthefpresett invendiolyi ent i s

avoi ded the redirected firs ath. 20 In another enmhodi nent of the
conveyor qﬁ%@H&WPﬁ&Hgﬁ?frcé’MFeF h(?@ﬁ{‘ﬁ’ 8ﬁ?°ndtpﬁeé‘u§§c‘gﬁ%°3§| i gf"rdeam is also
heat ed. |dpngfi@iitetion GG B8 te Afpindemnche pleaNas toyRNIdel sdcbRd Bhgsent i nventi on,
25 the second air streamintersects the first air stream adjacent the at

| east oneodtth ai pEeams.desRacivellit | et . I n anot her enbodi ment of the conveyor
oven of the present invention, a

10 In another embodiment of the conveyor oven of the present invention,
the impingement plenums are disposed above and below the conveyor.

in another embodiment of the conveyor oven of the present invention,
the impingement plenums are disposed to provide first and second cooking
15  regions within the tunnel oven chamber.

in another embodiment of the conveyor oven of the present invention,
at least the first air stream is heated. A substantial loss of heat to ambient is
avoided by the redirected first path.
20
In another embodiment of the conveyor oven of the present invention,

the second air stream is also heated.

In another embodiment of the conveyor oven of the present invention,
25 the second air stream intersects the first air stream adjacent the at least one of
the inlet and outlet.

In another embodiment of the conveyor oven of the present invention, a
pressure of the second air stream is more positive than a pressure of the first
30 air stream at a point of intersection where the first path of the first air stream is

redirected.



pressure of the second air streamis nore positive than a pressure of the
first 30 air streamat a point of intersection where the first path of the
first air streamis redirected. 4 WD 2005/ 027644 PCTI US2004/ 030067 1In a
met hod enbodi nent of the present invention, a first air streamand a second

air streawoan@opfesy/i ded in an oven chanber of a conveygisRYERwkhe S first
air streamis directed in a first path that traverses the oven chanber
toward at | east one of an inlet and an outlet of the oven chanber. The first
path of the first air streamis redirected with the second air stream so as
to substantially prevent the first air streamfrom escaping to anbient via
the at |east one of the inlet and outlet. 10 In another nethod enbodi nent

of the presentmlarmembu%boum%r&%fmresémmsléﬁmﬁmalfrﬂ&tea“.sﬁféa‘ﬁn bhe first air
stream adj acent the at |east one of the inlet and outlet. 15 In another

nmet hod enB&EFeRSAIr atfeacr%érqﬁregk@lﬁﬂ in AR eYRN elRmbeR &f @ 6ANSYSF ovesy dinef ur t her
Co”p“§esrf§f Gl S ENRA lis d%%e&th?%étH&r%%vérQés PLehRAgRpEr via the inlet

and the outlet an uct wor k conprises an i npl ngeman{ pl enum di sposed
to provi deowane af ieasttormcvfa@tmlehamd anvautietohtheyai shambes The inshs of

| mpi ngenment, ai. { t not er met hod

enbodi menpat(;lf ftﬂhe h'gf@ég{r]{bn}x n%v irlg(gtﬁ& Wétﬁiheg%: ?hd %B f?a {f’orrpri ses a
second pl eobstantially brﬂvdnt:thmﬁts‘llaﬁxf:dtneam frart Bsédping horamnmeuarmmepdtenum to provide
t he secon alr st pot her met hod enbodi ment of the present

i nvent i on gnqjg,étﬁwlq{t and outid
10

In another method embodiment of the present invention, the second air
stream intersects the first air stream adjacent the at least one of the inlet and

outlet.

15 in another method embodiment of the _present invention, the conveyor
oven further comprises a conveyor that extends through the oven chamber via
the inlet and the outlet and a ductwork that comprises an impingement plenum
disposed to provide the first air stream toward the conveyor as columns of .
impingement air that turn into the first path.

20

In another method embodiment of the present invention, the ductwork
further comprises a second plenum in fluid communication with the
impingement plenum to provide the second air stream.

25 In another method embodiment of the present invention, the ductwork
comprises a plurality of impingement plenums disposed on either side of the
conveyor. The second plenum is in fluid communication with one of the

plurality of impingement plenums.



conprises a plurality of inpingenent plenuns di sposed on either side of the
conveyor. The second plenumis in fluid comunication with one of the
plurality of inpingenment plenuns. 5 WO 2005/ 027644 PCT/ US2004/ 030067 In
anot her net hod enbodi nent of the present invention, at least the first air

stream i swbaesseghsssand wherein a substantial |oss of Bepisdou@eiel ent is
avoi ded by the redirected first path. 5 In another nethod enbodi nent of the

present invention, the second air streamis also heated. In another nethod
embodi ment  of In anotherasethed embedimest of thedresant iweniion, akjaashihei nt er sect s t he

first ai rfr@dh?ﬁ’&ﬂ@ﬂ%ﬂ@g@d éﬁ@w%rélr?é‘éhbé%é'ﬁua?fosé BPn&dY t8lanfficht O outlet. In

anot her Iment’ of the present invention, a pressure of the

second aiavoiledédwyrine Badmctedrfmﬁlp.ath/e than a pressure of the first air stream
at a point of intersection where the first path of the first air streamis
redirected. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS O her and further objects,

advantsages andn é@@th&rrrﬁethoﬂ enftdimert ofithe prose@minvention, lthe beconddsir st ood by

ref erence to the f ?véq ng specification in conjunction with the
accorrpanysi F‘F‘@"H'ls oﬁ'&a n which like reference characters denote |ike

el ements of structure and; 20 Fig. 1 is a sectional view in elevation of a

conveyor oven of the present invention, Fig. 2 is a sectional view taken
al ong |i ne 2- dngnotheggnethod eprpodiment of the present invention, the second air

stream intersects the first air stream adjacent the at least one of the inlet and
10 outlet.

In another method embodiment of the present invention, a pressure of
the second air stream is more positive than a pressure of the first air stream at
a point of intersection where the first path of the first air stream is redirected.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Other and further objects, advantages and features of the present
- invention will be understood by reference to the following specification in
conjunction with the accompanying drawings, in which like reference
characters denote like elements of structure and:

20
Fig. 1 is a sectional view in elevation of a conveyor oven of the present
invention;
Fig. 2 is a sectional view taken along line 2-2 of Fig. 1;
25

Fig. 3 is a sectional view taken along line 3-3 of Fig. 1; and

Fig. 4 is a sectional view taken along line 4-4 of Fig. 1.



Fig. 3 is a sectional view taken along line 3-3 of Fig. 1, and Fig. 4is a
sectional view taken along line 4-4 of Fig. 1. 6 WD 2005/ 027644

PCT/ US2004/ 030067 DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring to
Figs. 1-4, a conveyor oven 10 includes a housing 12 that includes an oven

chanber 2z Ahddpeat i ng chanber 24. A divider 26 t hpatpssoos/bs00d7sposed in
housi ng 12 separates oven chanber 22 from heating chanber 24. Oven chanber

22 includes an inlet 14 at one end and an outlet 16 at the other end. A
conveyor 18 is disposed within oven chanber 22 so as to extend through

inlet 14 and outlet 16. Conveyor 18 is driven by any suitable notive
devi ce anBEBCRIZHON @FU%%VEFF@%%EQ EMBROPIMENR chanber 22 in a direction to

enter via inl qﬁ?f;f}inagﬂggggxﬁm, %I Rndsyok Blenl f0 in@Rﬂé@lﬁq{ou%%tgpfzetEELabl y includes

a perforate surface allows an air streamto pass throug For exanpl e,
conveyor ihgluday as gvembhambes2oand & beatingechaaber 2hed divides: 28 thahisent

Publ i cati gn. UK- : A i ch i s hereby
[ ncorp%ra @3%9 'l}\J‘:ﬁ ga%ﬁgﬁrggg é&%ﬁe #At?vee?! g:'P gﬁéggzgﬁhg‘g]%%nﬁgggéb%%%r 42 and a
bl ower 440aer cHamperszdincindésan inlet 14t anbend 24dtan qutleli6lat theatlderduct wor k 46 a

heated air_streamthat _cir.cul ates. .20 between en chanber 22 and heating
chanber Zﬁf‘g'l—éétogyey@f)@é%d'ﬁ%os‘ﬁq}y‘"m PN Ct—.haﬂgﬁrg SQ@@&H etxf?nfjhose skilled in
the art fg{rodj@aﬁﬂeﬂm@ha ottigtel®Bs in ovens. For exanple, heater 40 is shown

as a gas heater in Figs. 3 and 4. In alternate enbodi nents, heater 40 may
be an electrical heater. 25 Blowers 42 and 44 may be any suitabl e bl ower

knownqgo t hosecghidybees istiriveR ®yaint shidbl€ ot ablibdadd linkdyedy oven. For
exampl e, blower 42%s shown as a i o
convey food through oven chamber 22 in a direction to enter via inlet 14 and
exit via outlet 16. Conveyor 22 preferably includes a perforate surface that
allows an air stream to pass through. For example, conveyor 1 8 may suitably
be of the type described in U.S. Patent Publication No. US-2003-0056658-A1
15  dated March 27, 2003, which is hereby incorporated in its entirety by

reference.

A heater 40, a blower 42 and a blower 44 are disposed in heating
chamber 24 to provide via a ductwork 46 a heated air stream that circulates
20 between oven chamber 22 and heating chamber 24. Heater 40 can be any
suitable heater known to those skilled in the art for heating air streams in
ovens. For example, heater 40 is shown as a gas heater in Figs. 3and 4. In
alternate embodiments, heater 40 may be an electrical heater.

25 Blowers 42 and 44 may be any suitable blower known to those skilled in
the art for circulating air in an oven. For example, blower 42 is shown as a
radial blower in Figs. 3 and 4. In alternate embodiments, heater 42 may be an
axial blower.

30 Ductwork 46 includes divider 26, an upper plenum 28, an upper plenum

30, a lower plenum 32, a lower plenum 34, a plenum 36 and a plenum 38.
7



radial blower in Figs. 3 and 4. In alternate enbodi nents, heater 42 may be
an axial blower. 30 Ductwork 46 includes divider 26, an upper plenum 28, an
upper plenum 30, a l.ower plenum 32, a.lower plenum 34, a plenum 36 and a

pl enum 38. 7 WD 2005/ 027644 PCTI US2004/ 030067 Upper plenum 28 and | ower

pl enum 32wanesdisposed i n oven chanber 22 on opposi perssReso3afs7conveyor 18
above and bel ow one anot her. Upper plenum 28 and | ower plenum 32 extend
through divider 26 to be in fluid comrunication with blower 42. Upper

pl enum 30Uppet plemam2&)hmhbwespleaum 3Zardidigposedlin oveowhamtbeazBeh 22 on opposite
si des of conv aboyv d.bel o anot her,. Upper plenum 30 and | ower
pl enum 34°pé3?tsi%ﬂd?§1? ?P&Hefocﬁal{; quye%dggfeo oneARaRATY Bt i on with

bl ower 4428 hinplewepplenums22xktermtithtdughiivider®erto pedmflo® 32 and 34 each have a

10 surface that, faces _cgnve 8 and that conprises a Iurality of delivery
openi ngs enmEication "Qmﬁ?‘%\%‘% @B‘Pﬁfé’ﬁﬂ“”l@o a%n%“@keﬁ’ 34gper plenum 28 is

shown g n fisgosed irf evérmneoélzafmp%&%a& Qfdb'nvéyﬁlr'ﬁsy (@i Ngs 50 t hat

face conveyor 18. Prefera openi n s 50 are ape to provide colums 52
of i npi n@@wmeanatheﬁoup@r%@ 369@ jawps PEOuRed4 exenddrougly of the

openi ngs %‘8@%@’%{ ﬂ&fuﬂj 5&?\%@968%(@0%&%&8\9@94# S. Patent Publication No.

US- 2003- central air return plenum 54 and a | ower
central air return pl enum 56 are di sposed between upper pl enuns 28 and 30

and | ower i Iet air return
pl enum 58 is H&%fgggegﬁﬁs dahe [ n{)'g(flgglgd%%ﬁ‘f"x ng'lna e‘?ﬁﬁlﬁ €&hd an upper
out | e10 ai surfakiiat faggsesonve@d 18sandithgtesatprises & blurality bedelivede of upper pl enum
30. Upper inlet and

openings to deliver air toward conveyor 18. For example, upper plenum 28 is

shown in Fig. 3 to have a surface 48 with a plurality of openings 50 that face

conveyor 18. Preferably, openings 50 are shaped to provide columns 52 of

impingement air. For example, openings 50 may include any of the openings

15 described in the above mentioned U.S. Patent Publication No. US-2003-

0056658-A1.

An upper central air return plenum 54 and a lower central air return

plenum 56 are disposed between upper plenums 28 and 30 and tower

20 plenums 32 and 34, respectively. An upper inlet air return plenum 58 is
disposed to the inlet side of upper plenum 28 and an upper outlet air return
plenum 60 is disposed to the outlet side of upper plenum 30. Upper inlet and
outlet air return plenums 58 and 60 each include a surface that faces conveyor
18 and that has a port for a return flow of air. For example, upper outlet air

25 return plenum 58 is shown in Fig. 4 as including a surface 62 that has a port
64 with one or more openings 66 for return air flow.

Blowers 42 and 44 are operable to provide an air stream that circulates
between oven chamber 22 and heating chamber 24. The circulating air flows
30 from blower 42 under positive pressure through upper and lower plenums 28

and 32 and returns via upper inlet return plenum 58 and upper and lower
8



outlet air return plenuns 58 and 60 each include a surface that faces
conveyor 18 and that has a port for a return flow of air. For exanple,
upper outlet air 25 return plenum58 is shown in Fig. 4 as including a
surface 62 that has a port 64 with one or nore openings 66 for return air

flow. Bl qRhbsidzaand 44 are operable to provide an acrstdogessvdzhat
circul ates between oven chanber 22 and heating chanber 24. The circulating

air flows 30 from bl ower 42 under positive pressure through upper and | ower
pl enuns 2&nimbaigretamdienyims bé and 86.uphe cirdulating airalse flows Faufab@4and upper and

| ower return plenuns 54 and
56. The CMQ ?Bg?ﬁg%g%?éurgﬂ%)@ggg %?‘gwerr{ﬁ %ﬂ'ﬁﬁ %gbagd'sﬁwl ve pressure

t hr ough ughens anadeIpewatuthbrauurmeraﬁnSﬁénaﬁppacbndlemrmtralalrupper out | et
return plenum 60 an r. central nuns 54 and 56.
The. ci r CulS RPMUB A 56 She,eSR g irgic  HegtdebbeheeeRt &8HA or mi ned oven
t enper gt up @redEhedmingd mrfembemtwreprrﬁéIuﬂﬁdgé}ﬁemmrowaa@ by @ppér Pl enums 28 and
32 merge above conveyor_ 18 and turn toward inlet 14 and upper and | ower

central r@tdioWeppleRUims 28andw? mergeahove spavayerdd and Jyrp towardiigletl by upper and
| over pl enuBRd 3BpérthdIOwERESHraRRANR plPRHRYN ankBse &Kk Gﬁgéngamrd outlet 16

and upper and Iomer central return plenuns 54 and 10 eally, all of
t he ci r cubiaprayiglesity urper aad lowes pienumsa0 and Hnmewe:above tenveyonl18 be sucked

L0 UpPeL Gt dh il oy RO GbePafl Rher bERRG FLMPYaumERIGHEL . some of the

heated air ream to escdpe via oward the
| ower 1pr eS8ur e anbi ent. Al so, as the air streans traverse paths al ong

conveyor 18 their pressure decreases as they approach inlet 14 or outl et
16.

Ideally, all of the circulating air moving toward inlet 14 and outlet 16
would be sucked into upper return air plenums 58 and 60, respectively.
However, some of the heated air stream tries to escape via inlet 14 and outlet

15 16 toward the lower pressure ambient. Also, as the air streams traverse paths
along conveyor 18 their pressure decreases as they approach inlet 14 or outlet
16.

In order to more efficiently capture the heated air trying to escape from
20 inlet 14 and outlet 16, a positively pressurized stream of oven temperature air
is forced out of ports located adjacent inlet 14 and outlet 16. These positively
pressurized air streams intersect the air streams in the paths along conveyor
18 at an angle so as to redirect the airflow along conveyor 18 toward upper air
return plenums 58 and 60. Preferably the angle is about 90°.
25
The positively pressurized stream of heated air is provided by lower
plenums 36 and 38 disposed adjacent inlet 14 and outlet 16. Lower plenums
36 and 38 are in fluid communication with lower plenums 32 and 34,
respectively. For example, lower plenums 36 may be extensions of lower
30 plenums 32 and 34, respectively. In one alternate embodiment, lower

plenums 36 and 38 could have fluid communication with respective lower
9



In order to nore efficiently capture the heated air trying to escape from
20 inlet 14 and outlet 16, a positively pressurized stream of oven

tenperature air is forced out of ports |ocated adjacent inlet 14 and outlet
16. These positively pressurized air streans intersect the air streans in

the paths al ong conveyor 18 at an angle so as to regi airflow al ong
conveyorwﬂ.)@o‘{%%éfﬁ upper air return plenuns 58 andggwgﬁ% g“r%ém y the angle

i s about 900. 25 The positively pressurized stream of heated air is provided

o enone” BhGAYTS 218 2\la WndlAREBER: ANABHL: ollthets dilodiflefit | ot 0, Lover

pl enuns are 1n nmuni cat’ron "W uns 32 and 34,
respecti viswer pleoums)38nanide38 taue be peparatesrdn lowey ihpingstnentpliemsmsef | ower 30

pl enuns 32_.an 4, specti.vel In.one alternate enbodi ment, |ower plenuns
B ana 3072 801 aiu TR SRRE il RoRRoR Bap SRl BT BlRero 2, 9 vio

2005/ 027644d R of oS S-3hée addriofaliBwerd. and 34 via connecting ports. In
anot her alternate enbodi nent, |ower plenuns 36 and 38 coul d be separate

from | 8wer i npingement plenums 32 and 34 could be supplied with positively

pressurized aifpd 6@%%W§aif’f§treéiﬁ§i?rﬁéid88 bpn&pargigﬁq@;s 5B6Ad agdi tional

bl owers. 5 The pressure of the air streans %row wer pl enuns 36 and
38 at t hat{heineinds of infaisegtion ds mere pesitiysthapiheipressairesefithe s pressures of the

i ' I ! ' 14 and
out 1 et 16 Stea BRI RewRACK Bposer 8 mRTeE1A B BeISC, o* ore,
return pl hisrenhafceslibeability6id. reBiredt dhenitlys towtaedh upmer36tuam gleBBmarss

subst %t i %Inh)éoi dentical so only

Preferably, plenums 36 and 38 are substantially identical so only

plenum 36 will be described in detail. Plenum 36 includes a surface 70 with a
port 72 through which a portion of the positively pressurized circulating air

15  stream passes upwardly through conveyor 18 to intersect with and redirect the
airflow along conveyor 18 from the horizontal to the vertical so as to enter
upper inlet return plenum 58. This forces the hot oven air up closer to
openings 66 of upper inlet air return plenum 58 where the vacuum pressure
zone is able to capture the escaping hot oven air more efficiently. That is, the

20 redirection of heat substantially reduces heat from escaping to ambient via
inlet 14. The vertical positive pressured hot air stream also serves as a pre
and post bottom heat boost to the food product being conveyed over the port.
This improves bottom heat transfer and thereby increases cooking speed.
Similarly, plenum 38 provides a positively pressurized circulating air stream

25 that passes upwardly through conveyor 18 to intersect with and redirect the
airflow élong conveyor 18 from the horizontal to a more vertical direction so as
to enter upper outlet return plenum 60.

Port 72 includes at least one opening 74 that may have any suitable
30 shape. For example, opening 74 may suitably be a slot. Alternately, port 72

may include a plurality of openings 74.
10



pl enum 36 wi Il be described in detail. Plenum 36 includes a surface 70 with
a port 72 through which a portion of the positively pressurized circulating
air 15 stream passes upwardly through conveyor 18 to intersect with and
redirect the airflow along conveyor 18 fromthe horizontal to the vertical
S0 as towsydoso27d4pper inlet return plenum 58. Thi s feerassooi/bmodiot oven air
up closer to openings 66 of upper inlet air return plenum 58 where the
vacuum pressure zone is able to capture the escaping hot oven air nore
efficiently. That is, the 20 redirection of heat substantially reduces heat
from escaping 0 anbient vi.a ,inlet 14. The vertical sitive pressured hot
air stream al sﬁ"es%rﬁﬁ'it ua\gengo?)p@vm%haerb@g§ Bgcfrfbgﬁ]vH@lapgaﬁﬁ 2t to the food
product beifagned® W/ @gelefered forhe tharebt, it wilhbes obvipusmasvaduisom heat transfer
and t hereb increases,coqkin%@§%eed. ﬁinilarl . pl enum 38 provides a

posi ti vel §hqides snpimediicatioasmaybRgnads thetenewihas departing fossdieupwar di y
through CapmpAy sceeld? thd1biRsemGhvaibh adBfineddh RS AppdBied Rldihs ow al ong
conveyor 1 romthe horizontal to a nore vertical direction so as to enter
upper outlet return plenum 60. Port 72 includes at | east one opening 74 that
may have any suitable 30 shape. For exanple, opening 74 may suitably be a
slot. Alternately, port 72 may include a plurality of openings 74. 10 WO
2005/ 027644 PCT/ US2004/ 030067 The present invention having been thus
described with particular reference to the preferred forns thereof, it wll
be obvious that various changes and nodifications may be nade therein

w t hout departing fromthe 5 spirit and scope of the present invention as
defined in the appended clainms. 11 Wat is clainmed is:

11



1. A conveyor oven conprising: an oven chanber that conprises an inlet and
an outlet; a conveyor disposed to transport food through said oven chanber;
a ductwork that conprises first, second and third separate air return

pl enuns, wherein said first and second air return plenuns are | ocated
adjacent said inlet and outlet, respectively, and said third air return

pl enum i s Whahisedaineetiseen said first and second air return plenuns, wherein
said ductwork further conprises first and second air delivery plenuns

| ocated on one side of said conveyor between said third air return plenum

and sai d f{rst maeniseeodericbmpebingh pl enums, respectively; and at |east
one bl ower disposed to provide a first air streamvia said first air

del i very pl enurdap\iychameerctoal egroprisns adictaadar outtat; and third air return
I 1 . . . ; . | o
p! enuns, - a SeCOfgofi\lerdofHs??%&'ng?‘tr%ﬁpgmsﬁswﬁjroﬁpﬁ sg[a 6\)’eeffc¥hé?~h§ﬂ';’m al ong sal

conveyor between sal alr retu enuns, a 'rd air stream
and a fourth sephrchverkathat stareenineshéitstr edconel tandathirdf separatndchisestand ai r
streans to said fjrst and fsefon air return El e]\nums, reﬁ)ectivel , SO as to
subst ant i aPIPYUMBWBRIEIN $3|d4TirsE ABE serand &rJstHraiReRy e A 19Galed @diagsnhg to
anbi ent Vi &i§ahit !aﬂheéut'?él,drés%e@tivél?,_t bRY  salic MR tairV Rdtrn E}enﬁhﬁa i€ PRARYPr oven
of claiml1l, wherein at |least said first air streamis eated, and wherein a
subst ant i abetiveen s@id fieshtantdseaohd et retynaplenuos, Whersdi daidrduditwek fadthei rst air

stream 3. _The.conyeyvor oven of clai,m1l er.ei id third and fourth air
Stroams i svBpu MR g FErRr aft Sl b AR focaRid ohophe s o A 1 o
and said Ocﬁdvéyor bétﬁ@@ﬂ@aiid/ﬁiirﬂ-aiﬂfetJrfﬂQDI@rﬂIm%)ﬁGFsawmt ahd @b@ér_ﬁﬁ dirrelperein a
pressure of said third and fourth air streans is nore positive than a

pressure oPleBAMg. reSpeetively addcond air streans
at least one blower disposed to provide a first air stream via said first air

delivery plenum along said conveyor between said first and third air return
plenums, a second air stream via said second air delivery plenum along said
conveyor between said first and third air return plenums, a third air stream and a
fourth separate air stream that redirect said first and second air streams to said
first and second air return plenums, respectively, so as to substantially prevent
said first and second air streams from escaping to ambient via said inlet and said

outlet, respectively.

2. The conveyor oven of claim 1, wherein at least said first air stream is
heated, and wherein a substantial loss of heat to ambient is avoided by said

redirected first air stream.

3. The conveyor oven of claim 1, wherein said third and fourth air streams
intersects said first and second air streams adjacent said inlet and said outlet,

respectively.
4. The conveyor oven of claim 1, wherein a pressure of said third and fourth

air streams is more positive than a pressure of said first and second air streams

at points of intersection where said first and second air streams are redirected.

12



at points of intersection where said first and second air streans are
redirected. 12 5. The conveyor oven of claim1, further conprising a

heati ng chanber di sposed adjacent said oven chanber in fluid comrunication
with said at | east one blower, and wherein said first and second air
delivery plenuns provide said first and second air streans toward said
conveyor as colThensooveyarpdverewéralaini 1, futiber compriaingng keatihgc ohamsber . 6.

oven' chamsarpFY adlecGlnAR dvelVBRRYR I AR KSR RARER G ARTREIS Rt ' ot r eam
i nt er sect sosabwel| arsd waiereis tsakbfitlstdhdaceodns airdielinest pleBumshgovide\sajbr oven
of claim6, further conprising a heating chanber disp os§d adj acent said

oven chanbt #hf secANd AIbAKERNE dewaid said ﬁo%\éﬁy@réﬁ CpBIRYS 0 'H@"Pa@%’ﬁ%’?t ailngd

wher ei n saghds furh %Fon?%@@&ﬁ%@ gir delivery plenuns provide said first and
second air streans toward sal ‘conveyor as col ums of inpingenment air that

turn al ong sal d conveyor 9. The conveyor oven of claim 8 wherein said

ductwork furt ri ses r.a |t np. enen enuns di s osed on
an_opposi th si Ao poRuaT uRDefaaih 1oWndrein SR YR Shalibes CommiiR 2

further Coﬂﬁhélsd\}é& cvanstdi tional blower in fluid communication with said
duckwork. 11. The conveyor oven of claim6, wherein said first and second

pl enuns are disposed to provide first and second cooking regions within

sai d tunney ngfhe &ﬁg& F ovérfof di JEeat g@“gye?ﬁ Sgl\éetnl alrcétfae'a@sﬁfénr‘téllggﬁrs?arh at

| east said fir QY5 8 and Sher & 0ss of
heat to anfiseait strearavanljabeht byidsialett redirected fi rst air stream

8. The conveyor oven of claim 6, further comprising a heating chamber
disposed adjacent said oven chamber in fluid communication with said at least
one blower, and wherein said first and second air delivery plenums provide said
first and second air streams toward said conveyor as columns of impingement air

that turn along said conveyor.

9. The conveyor oven of claim 8, wherein said ductwork further comprises a

plurality of impingement plenums disposed on an opposite side of said conveyor.

10.  The conveyor oven of claim 1, further comprising an additional blower in

fluid communication with said duckwork.

11.  The conveyor oven of claim 6, wherein said first and second plenums are
disposed to provide first and second cooking regions within said tunnel oven

chamber.
12.  The conveyor oven of claim 6, wherein at least said first air stream is

heated, and wherein a substantial loss of heat to ambient is avoided by said

redirected first air stream.

13



13 13. The conveyor oven of claim 12, wherein said second air streamis also
heat ed. 14. The conveyor oven of claim®6, wherein a pressure of said third
air stream is nore positive than a pressure of said first air streamat a
point of intersection where said first air streamis redirected. 15. A

met hod for a conveyor oven that conprises a conveyor disposed to convey

f ood betweth anThencetveyod cvenooeft tleim 1R mdtergindsad cendnd egrastadamasralset ur n

pl enuns diﬁgossd adj acent said inlet and outlet, respectively, a third
separate asatedet urn pl enum di sposed between said first and second air
return plenuns, said mnmethod conprising: providing a first air streamand a
second air stream along said conveyor between said third air return plenum
and sai d fi14.st Hiicersyadoden of staim®, pyhaieins prassypreet said|third airrdeamg a

portion of. sai | [.S ir re nd_a ti. sai i.r . Sstream
toward saild mﬂ%e{’(gséﬁ}c? @ﬁna; %&%ﬁ%gle%fiégﬂgﬁﬁ %)g%gg’gn% %P §W§?ﬂ5&{sﬁf’tﬂ%§ and
fourth ai rwBéreesti® fitdhair stedhf gakdsédtddporti ons of said first and second air
streans to said first and second air return plenuns, respectively, so as to

substantially prevent said portions of said first and second air streans

fromescapyag tgQ rﬁ@?ﬁ%@?ﬁo&ﬁe%oﬁ@é%r!@}e‘?\t trPa’t‘Q:o?rgir eSU 'c%?\yeﬁ@rs&@g&é’oelté" 16.

The met hod of claim reinsaid third an ourth air’ streans 1 ntersect
sai d firstcaenaydecd betveeen anridatranddnaundiet, fisi and séaindseparatedaiouetuet ,
respectively. 17, The nefhod, of. claim 15, erein,.sai d canveyor pven

fur Cher  coRlEPEEispotad Algnant S mEbdprutel Frsnebeicy s BUBH Tl Bk en

pl enuns di epeHEslehOm MELYIPbERcdnf 4dig firdNEhSSEQIHY dir refirh @RFRIMS, said
respectively, toward said conveyor as columms of inpingenent air that turn

al ong sai dmedagegamprising:

providing a first air stream and a second air stream along said conveyor
between said third air return plenum and said first and second air return plenums,
respectively;

directing a portion of said first air stream and a portion of said second air
stream toward said inlet and said outlet, respectively; and

providing third and fourth air streams that redirect said portions of said first
and second air streams to said first and second air return plenums, respectively,
so as to substantially prevent said portions of said first and second air streams

from escaping to ambient via said inlet and said outlet, respectively.

16. The method of claim 15, wherein said third and fourth air streams intersect

said first and second air streams adjacent said inlet and said outlet, respectively.

17.  The method of claim 15, wherein said conveyor oven further comprises a
ductwork that comprises first and second impingement plenums disposed to
provide said first and second air streams, respectively, toward said conveyor as

columns of impingement air that turn along said conveyor.

18. The method of claim 17, wherein said first and second impingement

plenums are disposed on a first side of said conveyor, wherein said ductwork

14



18. The method of claim 17, wherein said first and second i npi ngenent

pl enuns are di sposed on a first side of said conveyor, wherein said ductwork
14 further conprises a plurality of inpingenent plenuns di sposed on an
opposite side of said conveyor. 19. The nethod of claim 15, wherein at

| east said first air strean1is heated, and wherein a substanti al Ioss of
heat to ambig IS av0|deq sa d redlrecf EP E%%a air,stream 20t

met hod of GIEPHFIFPIGER AR 'é)f& YBRIGAGMENT PEWH 'iSBO%a?%&”h%’hPBBOS'ezl The
met hod of gl@obsdid.coneycin a pressure of said third air streamis nore
positive than a pressure of said first air streamat a point of intersection
where said first air streamis redirected. 15

19. The method of claim 15, wherein at least said first air stream is heated,
and wherein a substantial loss of heat to ambient is avoided by said redirected

first air stream.
20. The method of claim 19, wherein said second air stream is also heated.
21.  The method of claim 15, wherein a pressure of said third air stream is

more positive than a pressure of said first air stream at a point of intersection

where said first air stream is redirected.
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