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WD 2005/ 027644 PCT/ US2004/ 030067 CONVEYOR OVEN W TH
| MPROVED Al R RETURN AND METHOD 5 FI ELD OF THE

WORMBNZTE@N Thi s i nvention relates to a conveyoPCTASZN04/030067
and nmethod that has an 10 inproved heat |oss

PeCONVEYOR OVENMYATINIMPROVED ' ATRETURM AND METHOD

conventional convection conveyor oven uses suctl
pressure to induce the hot air fromwthin an oven
chanber to upper and | ower negatively pressurized
plenuns in fluid conmmunication with hot air
circulation fans. This 15 nethod of air capture is
only effective in capturing the air |layers close to
the surfaces of the return air plenuns. Since the
effective length of vacuum influence is short, air
nmovi ng out horizontally near the m ddl e of the
conveyor opening is not captured and becones | ost

i ' d/or an outlet of the oven
Flgﬁrﬁ‘rgl:rﬂﬂggl\lmoﬁ a need for a conveyor oven wth
irrpr ved heat erforrmnce RY OF THE
| NVE §d§¥eﬂ QBrW %@@ﬁ%%d?vﬁﬁrﬂ effipd that dapan

25 oven chanber that includes
mﬁ&?&? ha&: 16 éﬁéﬁﬁ ﬁ&e

et and an out A conveyor is disposed to
transport food throu h t he oven chanber. At | east one

BAC OUNRIOEHOHEINVENDPIQNi de at least a first air
streamto the oven chanber that traverses the oven

chanbepnventional cetveation canwayor o\vm o$es bection prlessme to
indiiee fio Aot ErSmiatinn st owsth CEHbaHLUPRR 418 lower negatively
prod&FiARY pidhliMslin fluid communication with hot air circulation fans. This
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.

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
oven chamber that includes an inlet and an outlef. 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
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WD 2005/ 027644 PCT/ US2004/ 030067 prevent the first air

stream from escapi ng to anbient via the at | east one
wofhodshe7e4inl et and outlet. | n another enbodi nerCTARS2M0M830067

conveyor oven of the present invention, 5 at |east

the first air streamis heated. The redirected path
psensind $he firsd adrt stretaina from escapifig ke amblientaidirenat lebst one of the

. gnot her enbodi ment of the conveyor oven of the present
'rﬁﬁ{;%'?\cf%ﬁ?t' the second air streamintersects the first

air stream adjacent the at | east one of 10 the inlet
and outlet. In another enbodi ment of the conveyor oven
of t heappthesembadimant oftheaconyegsisoven of thelpresesondention,

' e ' [ sitive-than ,a pressyre of, the )
of |cbst SR of R4 B Haied ThrenRedrdialh Suouaa substential
[dssrafthedtdnanibidite first air streamis 15 redirected.

I n anot her enbodi nent of the conveyor oven of the

present invention, the conveyor oven further

conpgd raleps r. disposed adj.acent the :

oven s Ry SR RG (O IE oo R L oh R ese idvention,

the sécdritbaiattréamsintersect thfimteir stiéaen BURICAAT the at least one of
m')rl ses ap . i npi ngenent pl enum di sposed to provide

co
the ipletigngiouflet: st ream toward the conveyor as col umns of

i npi ngenent air that turn into the first path al ong

t he conveyor. | n another enbodi nent of the conveyor

ovenlroanother pmielihentrofethe iconveydtoveneofdte ipresdnt invention, a
further_conprises.a second plenumin fluid .
PrESSHIR PLE S5PORA @Y SR SE10ie AFEIike ihem arhressyieosthe first

i , . i he .
o SRRy o BB UL ASTRAEH S P
redir@ctett. conpri ses a tunnel oven chanber. 30

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
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,
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.
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2 WD 2005/ 027644 PCT/ US2004/ 030067 | n anot her

enbodi nent of the conveyor oven of the present
wonvesnkeiam, the second air streamintersects PO®US2008/030067

air stream adjacent the at |east one of the inlet and

outlet. 5 In another enbodi nent of the conveyor oven

of t meanuthseanbodineanti afithe coheeymrovenaf tbe pregenttimemtion,

e S BT ToSlef R0 S9REE e et one o

i ihRtEhE Rket €ast one bl ower. The ductwork conprises
an | npl ngenent pl enum di sposed to provide the first

air streamtoward the conveyor as col ums of

T S B b 8t et
tHeVEShvelyof BePiafRi lconiptRRiiPReatindiéhatbém@isosed bbiRicent the

conpriSes a second plenumin fluid communication wth

ul
ovére chambegane et dystwatknin fiiig cerinaenieaiiors witB ilae at feast one

tream, 15 | . ' :

o gy Buctfio KBS o R Rint s AR W Fovide
tHe firs@hir lsfreai 00Erd dieereohvegarrasnsoldingp @f ddpimgeadritar that

side of the conveyor. The second plenumis in fluid
ture itarihe dirstaativeldngolhe caswveydle plurality of

i npi ngenent pl enuns. 20 I n anot her enbodi nent of the

conveyor oven of the present invention, the ductwork

i s shapeodthepembodirdent dfcthéicosvepor o eftheipresdrat inverntion,

path to d the inlet, a thi air streamin the . .
e OB BANGr ARBIATISEE Shee o P AU L Eatary tion with

hOH {dp@videStheaBohhadir stectirhect s the

tﬁﬁ@hgg@%ﬂgﬁlet he fgslpthlrrd air streamso as to

substantially reduce the third air streamfrom

gﬁf [3 I gﬁothte(r)e?nrgoold?rﬂten%/ o htehc%n(\)/te{/]c()erIr O\Pefn (t)tht%e'pnrleseénﬂﬂgention,
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.

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
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.
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I n anot her enbodi nent of the conveyor oven of the

present invention, an additional blower is in fluid
woammmi@at i on with the ductwork. 30 3 WO 2005P02T162604/030067

PCT/ US2004/ 030067 I n anot her enbodi nent of the

conveyor oven of the present invention t he duct wor k

f ur imanothemembnsimgnpplihg sanyeyer Pyan AbiERRTESBNIHAVARLION,

nGRORFE her bt hs BP0 B BE Bt BBt
préVvias &g firshwaadtthied air steaneict work further conpri ses
first and second pl enuns disposed in fluid

comuni cation with two of the inpingenment plenuns to

bt Oh SRoftes Aithdiifhent B odHvey st bASHTB thesiaeht MAbiition,
10 I'n ‘another enpbodi nent of thé conveyor oven of the
the destvark furtheert dGomnprisashiirst and sgeenshplepugradispesed in fluid

codgipfsgﬁgii%e 9{? %ﬁ%%wﬁ,@o%ﬁ%{yﬁéﬁg@&éﬁ rﬂ%&’t{?ﬁ% tApB%oS écﬁ%t Qgéond and

fohl‘i!}\{%ﬂgéu%%ms,tr@&édm'b%e”em pl enunms are disposed to
provide first and second cooking 15 regions within

t he tunnel oven chanber. I n another enbodi ment of the

£ r dRaiory HPaoginety BE FREEOWeGNE BBy thebresBREvRfiion
th% ganéemHntip%nm§ aftedispyséd abbes and detoly the sonystdr.

n "anot her enbodi nent of the conveyor oven of the
present invention, the second air streamis al so

heat ' .
e A B L g oon,
the inplreeetent thendrhs atre disposed éapravije fisstandrsecandlceaking

one of .
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.

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,
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
air stream at a point of intersection where the first path of the first air stream is

redirected.
4
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the inlet and outlet. In another enbodi nent of the
conveyor oven of the present invention, a pressure of
woheosgeoamd air streamis nore positive than aPOTAS300#830067
of the first 30 air streamat a point of intersection
where the first path of the first air streamis
redirected. 4 WD 2005/ 027644 PCT/ US2004/ 030067 In a
met hod embodi ment of the present invention, a first
air strean1and a second air streamare provided in an
oven d 8fnb® ﬁ‘ﬁé‘ﬂteé‘f%e? Y&dbnt Mventioh! & $itstaliF stream and
strean1|s |recte Ina first path that traverses the
a sa@cmd:amstream amaprdvmiledl mmoxcmcmb@f ofra eenvayer gven The

out | e f ot
frg} #i Srgn s a4 Bt path ERT ipkhRERE Rlshsnifber
towar§ afMet 8fe 0P anSnies haddnadutiet Bf Bieetiert tiearhbest Tiae first
stream from escaping to anbient via the at |east one

path of tlee firsit @ir sife@nois lreéiirecm with hepserandif gisgam so as to

SRR e dlE THET R EER ERanho o SRARNR ) fho pt

lebgﬁéﬁe ehthedhldt Badigutlet. and outlet. 15 I n anot her
met hod embodi ment of the present invention, the

conveyor oven further conprlses a conveyor that

ext e@@l,getﬁgm% X d&ﬁ%‘%@ﬁ}& 8Yés%ntml%n't|6hefheaé&ond air

t he rises an
stréarngtensatts tHeefivgtrair dtrepas ad;at:en@e\at deadt lomefafrtbe inlet and
streamtoward the conveyor as columms of i npingenent
oufiet. t hat turn into the first path. 20 I n anot her

nmet hod enbodi nent of the present invention, the

duct wor k

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.

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.

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.
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further conprises a second plenumin fluid

communi cation with the inpingenent plenumto provide
woheosgeoamd air stream 25 In another nethod erboaiSa®an30067

of the present invention, the ductwork conprises a

plurality of inpingenent plenuns di sposed on either
si dén anothes methad @kodimeat ekibisiepertinuention. atfeapt ghe

o0 e h i i o .

firg ARl o drd Sl Sl ot Bhoe Ao HARRL i

avBRichasy wehedirseted fot path. present invention, at |east
the first air streamis heated, and wherein a
substantial |oss of heat to anbient is avoided by the

g]?ditnﬁlgﬁg%rfrﬁétﬁbd RABbdimehfofifhel flese ABhDERt SHTRAE IsEBBAd air

resent i1nvention, the second air streamis
strebavishasd bdateldn anot her net hod enbodi nent of the
present invention, the second air streamintersects
the first air stream adjacent the at | east one of the

i nl g4 aABther FethBtlRhbodimentof iRy preBthvilventietlitherkecohd air
the present invention, a pressure of the second air

streane mensectedhe fiseiair stream pgincent ikes gLleasbene wé the indgt and
i streamat a point of intersection where the first

OUS] ¥'h of the first air streamis redirected. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS O her and further objects,

advant ages and features of the present, inyention wll
be Un@ecthassaethpdambediment ohtheRrossnt ByeRHON, a pressure of

th§REELAA SR'dXan) & mEREhESG fanh bedsife BF AR K Mream at
raw ngs, 1 n which |'1ké referencé characters denote
a poikeotinerestioroivhete thet firsepathadf RO fifst gir stréam as redirected.

sectional viewin elevation of a conveyor oven of the
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:

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;
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.
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invention; 25 Fig. 2 is a sectional view taken al ong

line 2-2 of Fig. 1; Fig. 3 is a sectional view taken
wabkasg2tdame 3-3 of Fig. 1; and Fig. 4 is a seeCrmwsalos/030067

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

i nel udes a housi ngﬁéz that includes an_oven charrber

DESGRIPHONF hJERRFERRED EMBORIMENDG that i s
1
AT

iMciudds mevenn dhambbeaB2@nd @hedtingthhimbeoRierA didbr 26 that is
chanber 22 so as

osed wi thi oven h
ARpOSEN IhhOUSHS JAERARIES VPR AhsTHRR 4 To8! hagingomapber 24.
Ol chafiiberery MKIRY rtinldNaCatThid Y dRY Idffo it 16l SHiAE Bther
to convey food through oven c In a |rect I on
end. éncenveyioa 181s disposedvdthirriven ahanmer Patsolds to extend

y includes a perforate surface
tl'ﬁﬁ ﬁ¥r§? ﬁé@ﬁ uﬁ?ﬁ%treamto pass t hrough. For

exanpl e, conveyor 18 may suitably be of the type
described in U S. Patent Publication No. _
Us- 2608vepdeth s duversbyiang guiteblerimotive deides andiliokags to

BN RPIIARARE Gl cdnbb 20 b it 1o EREEE ft 4 and
ekitaid ogletdBardenvedébr LA mrefaraidly ivtlades dqﬁrfwat'é dfifate that
eated air streamthat circul ates 20 between oven

srearainsireary tapass Myosahntiar examplegasveyor $8 maesuitably
rar théytp@a&&s%r.esat.ﬁu §npufLrk Dbl esf Kb b%dz¢6b bp§g$§¢

alr streans In OVens. For exa
dataed Maerﬂnﬁm 2003 widch zelagreby limt:deglsa.tec&rantsieﬁtlretylby

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
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. 3 and 4. In

alternate embodiments, heater 40 may be an electrical heater.

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.

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
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al ternate enbodi nents, heater 40 nmay be an electrica
heater. 25 Blowers 42 and 44 may be any suitable

wol2ensee7demown to those skilled in the art for PCT/US2004/030067
circulating air in an oven. For exanple, blower 42 is
shown as a radial blower in Figs. 3 and 4. In

Upterlérairg 28ndrbliowan péenum 32eire4isposedin cven (mamﬁer 22 on
bl ower. 30 Ductvvork 46 i ncl uges di vi der n ff
oppPsiie Fides, of sANVeYRSr 1§ akeymand eloy ppgano eéniéﬁ plgnum

| ’ 7 V\D
28 Ao I 27, R BRI R B M g [
cohumanlcptlmwéthmo?emai smeglenmnmﬂemrdgageeplammm are
{ nv r
disHiseRdn OvEp SERTTes P SBPasite SR B Bty ¥ ke and

beqcfvg %Hafhr@twérdqnpp?& glénid 3marﬁd| wv&brcm@mrnlszaéxteﬁd%m h

. Upper plenum 30 | oner plenum 34 are
dndderpz;&mjbenn tvidrcapmanbigation wﬂh\ pyesidte sides of
conveyor 18 above and bel ow one another. Upper plenum
30 and | ower plenum 34 extend through divider 26 to

be lwpﬁérgﬂ@hmmmmm aRdWowér pleaurrs 3tandiBdesach have a
pl enuns 28 and 30 and | ower plenuns 32 and 34 each

sumf@@@ that fages apmyer (18and heésoaprives grpluw@linnef delivery
op%%r 5 t@aaseéleepélv t ALY %cmv's_agrs <I1e § .Z :%)lr %QSIS{SE)%?J%%& %Eérd% 98 is

conveyor
shlo|9vn lﬁlhﬁgm tc};ﬂhEV@ a_s’ﬁlrla@eomrﬂ/wh itla a}gllmfaaqeof@emmgs 80 that face
urality of openings. 5 at face  conve
comveY e ] E/’re%f?@ﬁsr rpg%erwsaéfé atg ahred 19 WPM@ ]'H'anérﬁ?sof
n r

mpmeitHR, e B AE, opeihod SOTRA IndARE"aPSY 16 Gdhings
demenbe«b netheLBtB:veRaeehoneEm bl B cRatienhPhblicati®n2903uS- 2003—
00%%% 5 1AI An upper central air return plenum 54 and

‘central air return plenum56 are di sposed
bet ween upper plenuns 28 and 30 and | ower

An upper central air return plenum 54 and a lower central air return
plenum 56 are disposed between upper plenums 28 and 30 and lower
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
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
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
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20 plenuns 32 and 34, respectively. An upper inlet air

return plenum58 is disposed to the inlet side of
wappsroepd4enum 28 and an upper outlet air retur RCTIS2VUWNB0067

60 is disposed to the outlet side of upper plenum 30.

Upper inlet and outlet air return plenuns 58 and 60
ceatal aingtudeplgnymst St and Bat Theceirculatingegio alsolfovesfiom fan 44

ohBpOive efttshrd Slrofab HbHE el Bhinonchf o agc
réltuﬂ% viaWpper oatlet @ﬂuﬁnqq@n@a 60had hpﬁeuaamrdwer%m\#aﬂ Bir

ne or nore_openings 66 for return air flow | owers

r@ltzrrhﬁ@nmmﬁ% aaﬁéﬁabme t:I@CLﬂafm efuEaiRjs h%atede!nya hester 40 to
arEBpteRiiipa QR Bt Elter S iy i A Pl g pover

and ImmeleplepumstQ&anﬂBQs&erge awum@nmgpensam tuewsward inlet
i e Aol o e
aP?FéW@@QWLﬂﬁ@EdQS%F B|en@h“fs ?@EHH '34%%?%@"5%% BOe eyor 18

The circ ting air also f from
apdgumni towand esitlet t6 tahd aygper apg dowanckentaleetuph plmmsné%64 and
5§nd 34 and returns via upper outlet return plenum 60
nd upper and | ower central air return plenuns 54 and
56. The circulating return air is heated by heater 40
to 5 a predeterm ned oven tenperature. The inpingenent

ai r plesllydalllobihegipasatingrair mening tomand inle$4 and @dlet 16

wElEe SHEE P UBERE P af e RS 0 iitpacdllelic

Hoeivegesgené of td hestedi siestrdiim tiseto sthpeonginiet ﬂnaﬁa outlet
30 and 34 nerge above conveyor 18 and turn toward

16deward e langT appRsuraambienieAlseras the aiestieamgitervense paths
<R RveR 078 o sy Bkt Bbod B 880 GHbRERINEL it g oute

16nto upper return air plenuns 58 and 60, respectively.
However, sone of the heated air streamtries to escape
via inlet 14 and outl et

In order to more efficiently capture the heated air trying to escape from
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°.

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
plenums 32 and 34, respectively. In one alternate embodiment, lower

plenums 36 and 38 could have fluid communication with respective lower
9
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15 16 toward the | ower pressure anbient. Al so, as the

air streans traverse paths along conveyor 18 their
wonresaara4 decr eases as they approach inlet 14 scT@stiogn3o067

16. In order to nore efficiently capture the heated

air trying to escape from 20 inlet 14 and outlet 16,

@lepmmrstazvmh@ 3 viss somnexgingiarsarmeinotivemalte? ARRY é}hldb%’ iment,

is f t, of rts | ocated adj acent inlet
QW BBt ?% angrak Lﬁggleﬁ%r%te frra dawe repingement plenums

32 56858 doUEbE BepphidtPwih noHvER/BrebCulifiy BRI Bl 4

conveyor angle 'so asto re
%M@Otffﬁves)m ot Srarewmiditiomapblovairs. return pl enuns 58
and 60. Preferably the angle is about 90. 25 The
positively pressurized streamof heated air is

pr oviTiedpfasslLiaer the@lﬁﬁ%@n§§r&ﬂ@e§r§%%\ﬁ8pﬁlﬁﬂ @% ?@SHH 38

|nI et 14 and outlet 16. Lower plenu
atihe painds ebiRterseetien trmare positiveethan thewresereardd tlfﬁslalr

SEARREIE o SR s RS, P R 9 T RPouter 1.

Tes pahanced the dbilitg ne réditet fad ?amﬁ’q@%@ﬂ bpel RAGM p|enHms 58
| enuns 36 and 38 could have fluid conmunication wt
a{'j"é‘ ctive | ower 9 WD 2005/ 027644 PCT/ US2004/ 030067

pl enuns 32 and 34 via connecting ports. In another
al ternate enbodi nent, |ower plenuns 36 and 38 could

be sdrefaablyf plemuhm/es ahd13srare sebbtantany ifentdal §<5‘6n|§'/4m

| d plied with positively pressurized air
) ﬁ% \M@%p%%ﬁq@esrm ﬁﬁm drienein s insludesi a surface 70 with a

PP iTpudh W8 Rt forhe oRiely RS STIP L ANLEER Bt
streanppassessipwarelyt thaougdheomreses 1846 ittbrddt® wath' 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
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
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
shape. For example, opening 74 may suitably be a slot. Alternately, port 72

may include a piurality of openings 74.
10



streans traversing the paths al ong conveyor 18 toward

inlet 14 and outlet 16. This enhances the ability to
woeaisretd44t he pat hs toward upper return pl enunBCB@S2008/030067

and 60. Preferably, plenuns 36 and 38 are

substantially identical so only plenum36 will be

described in detail. Plenum 36 includes a surface 70
mﬁth ort 2 th ou h whi ch ort i on
pOS|t B?SSP LWVER '% a\é‘f‘gé’tﬁe atf‘ §F'Pf %J%tpé)ﬁﬁ'CU'af

rERYSNSe HPIRY SHefertdd RIHGR tﬁ@wypwnﬂ@e bBviols Th&eRdriolist D
and redirect the airflow al ong conveyor 18 fromthe

chanpes andimodificalionsemel bel mede dsenein witheut degerting imonethe
return nu th ot, .oven air

5 <o P SRR TE pemu e iRels et {58 aDpfrifBa oraim.
pl enum 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 fromescaping to anbient via inlet 14.
The vertical positive pressured hot air stream al so
serves as a pre and post bottom heat boost to the
food product being conveyed over the port. This
I nproves bottom heat transfer and thereby increases
cooking speed. Simlarly, plenum 38 provides a
positively pressurized circulating air stream 25 that
passes upwardly through conveyor 18 to intersect with
and redirect the airflow along conveyor 18 fromthe
horizontal to a nore vertical direction so as to
enter upper outlet return plenum 60. Port 72 includes
at | east one opening 74 that nmay have any suitable 30
shape. For exanple, opening 74 may suitably be a slot.
Alternately, port 72 may include a plurality of
openi ngs 74. 10 WD 2005/ 027644 PCT/ US2004/ 030067 The
present invention having been thus described with
particular reference to the preferred forns thereof,
it will be obvious that various
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changes and nodi fications may be nmade therein w thout
departing fromthe 5 spirit and scope of the present
wonvesnkeiam as defined in the appended clai ns. BETNY2004/030067

/ PCT/ US2004/ 030067 WHAT IS CLAIMED IS: | A
WH@%%%H conpri sing: an oven chanber that
conprises an inlet and an outlet; a conveyor disposed
to transport food through said oven chanber; and at
1. | Asonueyomdvemecordpiginged to provi de at | east a first

air streamto said oven chanber that traverses said
oven chanber in a first path toward one of said inlet

angh eudh ehamibér thateeRiptisas anshict@mdtARbuti@di rect s said
first path of said first air streamso as to

substantially prevent said first air streamfrom

e Pl or YierlERa g rabhefod Jodts Hro L6 Shif PR inaifher: and
vvhereln at least said first air streamis heated, and
wherein a subst antl al loss of heat to anbient is

aAileatt Wi Rigwer dispgised de eepvide at legst A first aimpiseam to said
ovenc&fb\fﬁyé’rr th@Y §3v&fseS salddven Bélnm hgt %ﬁgﬁf&g\/agh ong_of said

stream intersects: said F1ret arr rea
inlet and locetlet and@ sEcopdiair stréaeh tlratced inébtetsalwrflrs'fbathwﬁsfeﬁd Gifst

air ST 0 7 ey s A Vel S 5 G sieg o frOUREePAmInG {0

ambléhf viald=id gt ﬁias@oﬁ@'o%ai@fmle't Bh§'otfiel | On where said
first path of said first air streamis redirected. 5.

The conveyor oven of claim1l1, further conprising a
t charrber osed t said n, chanber
e BB B o7 PRl CUTHb A SLdeaShaaith 1ok S ctepag s
heatéd?aéﬁd wn@rémh QRIbstHR| RS 0F hBabf Qm%%t\i@&ioneeg%pi =i

I mpi ngenment pl enum di sposed to provide sal
redlrg¢ted§[r$ toward said

3. The conveyor oven of claim 1, wherein said second air stream intersects

said first air stream adjacent said at least one of said inlet and outlet.

4, The conveyor oven of claim 1, wherein a pressure of said second air
stream is more positive than a pressure of said first air stream at a point of

intersection where said first path of said first air stream is redirected.

5. The conveyor oven of claim 1, further comprising a heating chamber
disposed adjacent said oven chamber and a ductwork in fluid communication
with said at least one blower, and wherein said ductwork comprises an
impingement plenum disposed to provide said first air stream toward said
conveyor as columns of impingement air that turn into said first path along said

conveyor.
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conveyor as columms of inpingenent air that turn into
said first path along said conveyor. 12 WO

waQen/azA644 PCT/ US2004/ 030067 6. The conveyor POYAIS2f/030067
claimb5, wherein said ductwork further conprises a
second plenumin fluid communication with said

[ . r i [ ’
6. 7 TR TRRTENC I YT B! Bticfin 588 SUATEA et oBRITRE o
secorhpiehem roiigid icersnunicatiomwith serhinglingéreent glentiheto provide
.. conveyqr oven of claim7, wherein said second air
said sacPRdAlf $fe38ect s said first air stream adjacent said
at | east one of said inlet and outlet. 9. The conveyor
oven of claim7, further conprising a heating chanber
7. dTapasedeqd; aveamof claind 1 pwhereih salteovemchambeccowpiseha
fluid gomgéni cation wth said at |east one bl ower,
tunne} e¥eFEARI9® sai d duct work conprises an i npi ngenent
pl enum di sposed to provide said first air stream
toward said conveyor as columms_of inpingenment air
8. t fhe canveyonoersal eain 7swheegin saidserong air steamdpigrsects

said it e arReRrarern iR oast Bheiol salldrlsl e BBt 1 i o

comuni cation with said inpingenent plenumto provide
said second air stream 11. The conveyor oven of claim

9. 10hewmweyer exenioticlaing: Rirfersompsising a heating chgmber
. lmin t ' ' i id:
cisosBh A el SRR < ReShORTR 5ld B

with SERda Rastbheblawéh andavisdreirpsald plugtwdrkioonedrises an

~_inpingenment plenuns. 12. The conveyor oven of claim9,
lmpm@ﬁm@%mlwm diRRASREMR Previde &ﬁ@bﬁfﬁbgﬁé ﬁa’@aabtowarg said

conveyor as columns of impingement air that turn into said first path along said

conveyor.

10.  The conveyor oven of claim 9, wherein said ductwork further comprises a
second plenum in fluid communication with said impingement plenum to provide

said second air stream.

11.  The conveyor oven of claim 10, wherein said ductwork comprises a
plurality of impingement plenums disposed on either side of said conveyor, and
wherein said second plenum is in fluid communication with one of said plurality of

impingement plenums.

12.  The conveyor oven of claim 9, wherein said ductwork is shaped to provide
said first air stream in said first path toward said inlet, a third air stream in said
tunnel oven chamber along a third path toward said outlet, and a fourth air
stream that redirects said third path of said third air stream so as to substantially

13



said first air streamin said first path toward said
inlet, athird air streamin said tunnel oven chanber
wahkesg2z4thi rd path toward said outlet, and a Pouskoo4/030067

air streamthat redirects said third pat f said,,.
recuce ATtk 316 P Sl 1M S5 CRBINg. B ALY IRiFaId offsr O Sid inlet
a &5/ 027644 PCT/ US2004/ 030067 reduce said third air
and o : . . . . .
stréam from escaping to anbient via said other of said
inlet and outlet. 13. The conveyor oven of claim 12,

furth i Si it | _bl.o ' £l ui .
13, cHhedanearanendtian B2 duhSbramBis o Suiielaibiayenin
fluid C%F‘nrﬁhﬁicﬁtié@witﬁfb%ﬁ&'dﬂcﬁ\ﬁirﬁ. ductwork further conprises a

plurality of I npingenent plenuns disposed to provide

said first and third air streans. 15. The conveyor

oven of ¢l ai 4 ' I t .
14 48 BouE) o dVebor SR B2 AT SHELARA SO AT cprpriges o
pluralfp GRiMpbiageent plenlinisdispbsedidiprovide said fiestiarn thivdnair t o
provi de second and fourth air streans, respectively.
streamms. The conveyor oven of claim 15, wherein said

i mpi ngenent plenuns are di sposed above and bel ow said
conveyor. 17. The conveyor oven of claim 15, wherein
15. SThe conpeyereswsnt ofdlaimut®, whereinlsajocheriwork furitver demprises
_ first and second, cooking, regions wthin sﬁ\\iad tu]nnel
first apdsecopd pgrutms disposed i Buidspmpmypisatign vWithiwg of said
o . . ot h . h ’ q
it P8 DBt o Sk st sty
avoi ded by said redirected first path. 19 The
16. AP hveyar Qeh o 15 whEnsh Sall bifgSReRt Bieflmns are

disposed above and below said conveyor.

17.  The conveyor oven of claim 15, wherein said impingement plenums are
disposed to provide first and second cooking regions within said tunnel oven

chamber.
18.  The conveyor oven of claim 7, wherein at least said first air stream is
heated, and wherein a substantial loss of heat to ambient is avoided by said

redirected first path.

18  The conveyor oven of claim 18, wherein said second air stream is also
heated.

20. The conveyor oven of claim 7, wherein said second air stream intersects

said first air stream adjacent said at least one of said inlet and outlet.

14



20. The conveyor oven of claim 7, wherein said second
air streamintersects said first air stream adj acent
weoeabw/atesh east one of said inlet and outlet. 12CYWDS2004/030067
2005/ 027644 PCT/ US2004/ 030067 21. The caonveyor oven, of
21. cThé eofyeydravenofglaimedsuhereit agueeswe s sai $$con§i aléam

strearags B oo Mpdl i e eswBLAAEH frs? il of §ndhit
mters@é‘t‘i&h aherakgidffirsipathiof sald fratrair streadi isaetizdcted?. A

thod conprising: providing in an oven chanber of a
conveyor oven a first air streamand a second air

22 pAtrﬁgﬁ?gd&{ Gidifig said first air streamin a first

raverses said oven chanber toward at | east
one of an inlet and an outlet of said oven chanber;
and redirecting said fir t ath of said_first

sPrvigingiin ANLOYER g conyveyar pyeR afust ar sf%eam and a

A35 1y prevent sai d first air streamfrom
Seco@?%@%l ngh‘fl anbient via said at | east one of said

inlet and outlet. 23. The nethod of claim 22, wherein

i d
S Blreaine g dtst el ST ALAED B anaftrduershs Shicfblen,
cham®el t&harddt ledftorEdimfintét sHdeamodfet oficovers ehdmber; and

conveyor oven further conprises a conveyor that
extends through said oven chanber via said inlet and

I d
B P R Py R i Bponger,
streaft §& 2846 UBSEBnEalbpRABHEYSIH fAst Siostvears fadm iespapingrtent

alr that turn into said first path. 25. The nethod of
amblemiavlmsazd abieestone ebsaid dulet abd RUflgk t her conpri ses a

second plenumin fluid conmmunication with said
i npi ngement pl enumto provide said second air stream
23.  The method of claim 22, wherein said second air stream intersects said

first air stream adjacent said at least one of said inlet and outlet.

24.  The method of claim 22, wherein said conveyor oven further comprises a
conveyor that extends through said oven chamber via said inlet and said outlet
and a ductwork that comprises an impingement plenum disposed to provide said
first air stream toward said conveyor as columns of impingement air that turn into

said first path.
25.  The method of claim 24, wherein said ductwork further comprises a
second plenum in fluid communication with said impingement plenum to provide

said second air stream.

26. The method of claim 25, wherein said ductwork comprises a plurality of

impingement plenums disposed on either side of said conveyor, and wherein
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26. The nethod of claim 25, wherein said ductwork
conprises a plurality of inpingenent plenuns di sposed
wono@ichwas si de of said conveyor, and wherei n RETAR2004/030067
.. 2005/ 027644, PCT{ US2004/ 030067 §€id secon quun1is
said seORd RIRNUER i} EomMyRIcFIQR With oneg &aﬁf BF‘A’T"? Y Of of
oo e [ | enuns. 27. The nmethod of claim 22,
"nmngﬁ@FggﬁgggﬁFgast said first air streamis heated, and
wherein a substantial |oss of heat to anbient is

27, offeicthpd of Siflar VIR adeati it el airsinah R R 8
and WA susstarithe (6 dfatkatfo ahfbisntdd avelieddainssidirddirected

second air streamintersects said first air stream
first patlj.acent said at |east one of said inlet and outlet.
30. The nethod of claim22, wherein a pressure of said
second air streamis nore positive than a pressure of
28. SThd niéthsd ofickaiata7e avhaxtinasgidisatond airrstrease st alsa heated.
where said first path of said first air streamis
redirected. 16

29.  The method of claim 22, wherein said second air stream intersects said

first air stream adjacent said at least one of said inlet and outlet.
30. The method of claim 22, wherein a pressure of said second air stream is

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

where said first path of said first air stream is redirected.
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