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| MPI NGEMENT AND METHOD FI ELD OF THE INVENTION 5 This invention relates to
a conveyowoasmszoand net hod of operating a conveyor oven. POT/ysas/besesl ar,
the invention relates to a conveyor oven and nethod that cooks food
products by heated inpingenment air. BACKGROUND OF THE | NVENTI ON 10
Conveyor ovens that use inpingenent air are known for the cooking of
various prodi@@NVEYQRIZED QN WITH MISTURE JADENAMR INPINGEMEME: f ood
products. Typical conveyor ovens ua H;g Enig_ilggerrent air are described in

U S Patent Nos. 4,701, 340, 4,873, 832,812. U. S. Patent No.
4,701, 340 discloses a conveyor oven that includes three cooking zones

serially arranged 15 al ong the conveyor path. The two end zones apply jets
of heat ed ﬂ&bﬁ@éﬁmﬁiﬂ%od products carried on the conveyor. The

m ddt e Bone anPrfieteRlion PLiaRLR bonidyr LORA HGHLIoN of BierdR e zone
requires a separate steamdellvery systemt I's entirely In endent of
the air i monvggoreonerasingrasticaar, fbe mmnendelatmel@ a tomveympavananst eam
delivery 20 syste res .a nerator .and a arge nunber of steam
delivery tT08 dtg]ﬂ{ecélgﬁajpggé’rg‘ﬁlé(g% gj?@é?d E[%I‘Qg%'@?f‘ #6 t he conveyor oven.
There is a need for an econom c conveyor oven that cooks food products with

bot h noi sture and heat ed i mi nerrent alr 25 SUWARY OF THE | NVENTI ON A
conveyor oBACH {EIONi nventi on conprises a conveyor that

i ) O TH ¢
conveyg,a food %o d\}Je%/ B\%r\’vse ﬁ{]at %@eqrrr]\tpfr}/ge?r%r%t %eAhoWH for RRE Looking of

various products, including bakery products, pizza and various other food

products. Typical conveyor ovens using impingement air are described in U.S.
Patent Nos. 4,701,340, 4,873,107 and 5,832,812. U.S. Patent No. 4,701,340
discloses a conveyor oven that includes three cooking zones serially arranged

15  along the conveyor path. The two end zones apply jets of heated
impingement air to food products carried on the conveyor. The middle zone
applies jets of steam to the food products. The middle zone requires a
separate steam delivery system that is entirely independent of the air
impingement assemblies for the end zones. The separate steam delivery

20 system requires a steam generator and a large number of steam delivery

tubes. The separate steam system adds cost to the conveyor oven.

There is a need for an economic conveyor oven that cooks food
products with both moisture and heated impingement air.
25
SUMM OF THE INVENTION
A conveyor oven according to the present invention comprises a
conveyor that conveys a food product between an entry port and an exit port.
An air impingement assembly is disposed between the entry port and the exit
30 port and arranged to provide jets of air toward the food product. A fan blower,

a heater and a moisture delivery device are disposed to provide a heated and
1



An air inpingenment assenbly is disposed between the entry port and the exit
30 port and arranged to provide jets of air toward the food product. A fan
bl ower, woleasmes and a noi sture delivery device are di spesFdOnoPproOVvi de a
heated and 1 WD 03/082024 PCT/ US03/09568 noisture |aden airflow to the
air inpingenent assenbly so that the jets of air are heated and | aden with
moi sture. In a first enbodinment, the noisture is delivered to a suction
si de of t henoisturatadgroaisiow Thihes ainirpiogement esserablys:spihat the jejs of aibl ades

arranged ah i r1 phe T isture is preferably injected radially
i nward ont c??%hjgaﬁ%%a%ﬂ%(g%s\wm H‘A«;(&%‘g%ond enbodi nent, the noisture is

delivered to an output side of 10 the fan blades. The nbisture is

preferably provided to contact the fan blades.. In either the first or
second enbodi nerf 2 firskembogined, the meistyreds delivereddp gauctionaside ebtheary t he

amount gf ' i j heater is
al so coﬁt rggﬁgméﬁ' (U)fr\?/ea{;'é? Et"ﬁg’%ﬁg‘g&aééﬁP?&é'gtg%ﬁvﬁ?d%qﬁ gz\?b ?8 in

ei t her t he daripbenor The cuoistuesrisogtefarably injegted tad@llyfineard amid thedast ure i s
preferably produced at the surface of the food product. 20 Further in

ei ther of t1&§Srst and second enbodinents, t he nixture is preferably a
bl anket-1i ke m xture of air and noisture that is produced by the jets of

air and noisture having an airflow pattern that coal esces at the food
product surf ace.lnA segongtembogimentcthaimeigiuseiis delivaree té snmuiputcsideiahs of

gg'miﬁ I“é@ Sl 3ﬁ8 E@ihfades.zsfhghﬁo%?unr%qg %rrefgyaebqy BFO\}iélgd B 8&1‘?3& ting\fgrq 1"Dilao es]i.ur ther
In either the first or second embodiment, the moisture delivery device
includes means to vary the amount of the moisture delivered to the airflow.
Preferably, the heater is also controllable to vary the heat applied to the
15  airflow.

Also, in either the first or second embodiment, a mixture of air and

moisture is preferably produced at the surface of the food product.

20 Further in either of the first and second embodiments, the mixture is
preferably a blanket-like mixture of air and moisture that is produced by the
jets of air and moisture having an airflow pattern that coalesces at the food
product surface. Alternatively, the mixture is in the form of columns of
moisture laden air.

25
The conveyor oven of the present invention further comprises an oven
chamber and a heating chamber. The fan blower is disposed in the heating
chamber to circulate the airflow between the heating chamber and the oven
chamber via the air impingement assembly.
30



chanber and a heating chanber. The fan blower is disposed in the heating
chanber to circulate the airfl ow between the heating chanber and the oven
chanber wvwae oBlg20ad r i npi ngenent assenbly. 30 2 WD 03/ 08202¢TRSI/WB68/ 09568
Preferably, the air inpingenent assenbly conprises one or nore jet fingers
di sposed above and/or bel ow the conveyor. In sone enbodi nents of the
present invention the inpingement fingers are disposed in a plurality of
cooki ng zones aIPdﬁ{?"ﬁhh’%@'é%@'ﬂ@%ﬂé?ﬁ%ﬁ”??'yt%"%réﬁs QRRIONMOER ifte of the

0 1€ et ety HRe 50 EnBFRANALT WU Ehdior! th SEerRERleRIBP ¢ e

conveyor conprisesta p conveyors I'sposéd I'n a stacked
rel at i onshitphe pfésemiinventipnngeirepingeseatfihgersr arei dissosedia g plusality oheat ed and

noi sture | aden, i npingenment air to foo oducts carried, 10 by each of the
Conveyor s, CPREMGATNGS NG HiP GoRGYRL. (PIBLED Gn RO AILMOR S B8 ct. i ¢
a  conveyolgiffdBnhbéhdOan be GRpURItgEohtrolléd s of inpingement air that are

provided toward the food product. "The airflow is heated and provided with

noi sture so 15 that the jets of inpingenent air are heated and | aden with

nmoi sture. Preferably, Iy I, Lr psture |j r d. at _the
surface of theei'f1 %erqrﬁa%lﬁeﬁg t%g%hyafc&%éﬁ?éﬁs&seq Bl‘iﬁlw%gg%ﬁé?@é?-l i ke
m xture of ddgoseadnZpstatkéErdlfmdnships Phoairdepiryerhé&et et phdvidésnd

noi sture having an airflow pattern that coal esces at the food product

surface. Atbeigiaof pepied andtmaistuis lades iIMpingeanen i todpod Greduals 6arriest st ur e

;ﬁg/egrqp[]é b%/seﬁfheéfethé@o\‘we&&%. anount of noisture provided to the airflow

The method of the present invention conveys a food product with a
conveyor. An airflow is converted to jets of impingement air that are provided
toward the food product. The airflow is heated and provided with moisture so

15 that the jets of impingement air are heated and laden with moisture.

Preferably, a mixture of air and moisture is produced at the surface of
the food product.

20 The mixture is preferably a blanket-like mixture of air and moisture that
is produced by the jets of air and moisture having an airflow pattern that
coalesces at the food product surface. Alternatively, the mixture is in the form
of columns of moisture laden air.

25 Preferably, the amount of moisture provided to the airflow and/or the

heat applied to the airflow is controllable.

In the conveyor oven and method embodiments, the moisture is
preferably water, but, alternatively, may be steam.
30



heat applied to the airflowis controllable. In the conveyor oven and

nmet hod enbodi nents, the noisture is preferably water, but, alternatively,
may be stwam3/o8H28 WO 03/ 082024 PCT/ US03/ 09568 BRI EF DESERITRRoEMSER THE
DRAW NGS Ot her and further objects, advantages and features of the present
I nvention wll be understood by reference to the follow ng specification in

conj uncti Owﬁmwﬂéﬁ&@@él n which |ike reference 5
characters and: Fig. 1 is a top view of
the conveyor OVQDth‘@!rfahdtfeﬁhérodtﬂéct%ea@\yé‘rﬁagés hHGfe&DMthbWé&dton 10 Fig.

2 is a view taken along line Fig Fig. is a view taken al ong
line 3 of Higentibon willge undﬁa'pioodsbyarref%ememetﬂm faﬂowamg)apecuﬁcatl@e idel i very

t ube of the Fi ove 5.8 e i ng the
comevor - orsmidictien i F R Htiofadiaeg, ih ftflort R 1BRAERL " |
Cr oss- sgct ighaghctetLuendte diRe e dtm@eiire@indt he conveyor oven of the

present invention; and Fig. 7 is a cross-sectional view of the conveyor
oven of Fig. 6 depi cting an alternate |ocation of the delivery tube. 25

DESCR PTI ON OF T PREERSRER, FARFRIHRVE, SRR Wit 4 ol terrbvdo & thmVeyor

oven 20 of the pr
present invention;

10 Fig. 2 is a view taken along line 2 of Fig. 1;

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

Fig. 4 depicts an alternate location for the delivery tube of the Fig. 1

15  conveyor oven;

Fig. 5 is a view depicting the conveyor oven of Fig. 1 with moisture

laden air;

20 Fig. 6 is a cross-sectional view of another embodiment of the conveyor

oven of the present invention; and

Fig. 7 is a cross-sectional view of the conveyor oven of Fig. 6 depicting
an alternate location of the delivery tube.
25
DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to Figs. 1-3, a conveyor oven 20 of the present invention
includes a heating chamber 22, an oven chamber 24 and a conveyor 26.
Conveyor 26 is disposed to convey food products, such as pizza, through
30 heating chamber 22 by entering an entry port 28 and exiting an exit port 30 of

oven chamber 24. That is, conveyor 26 carries food products in the direction
4



I ncl udes a heating chanber 22, an oven chanber 24 and a conveyor 26.
Conveyor 26 is disposed to convey food products, such as pizza, through 30
heati ng cwerB®s2022 by entering an entry port 28 and exiti mgTarso®sdses port 30
of oven chanber 24. That is, conveyor 26 carries food products in the
direction 4 WO 03/082024 PCT/US03/09568 of left to right in Figs. 1 and
2. Conveyor 26 may be noved or rotated by any suitable conveyor notion

assenbl y (itefstolight infias pregerftanyveypr PA riawbemevadeor fotated by asy
appar ent £ WRRECIEL b thoBnthiSerbly A LblR) SN Bleshfif 8 [ Pfhe, o20 be

reversed sinp ction o rive notor of
5 the convéuture Wﬂtwmrbeaammrbhtyto those skilleg éntTe arithiatdhe coaseyridineciian

i ncl udes an up er enen finger 34, an upp |np|n enent finger 36, a
| ower i npi F§e wq"%ﬂg rﬁykxchﬁa gthﬁﬂ'fﬁ{jaﬁ@ﬁf rqtahgra;p a@ﬂaﬁdnq»t@f Qf n
ducts 4 _inpingement finger 34 is disposed in oven
chanberg244§%gégvgﬂﬂug§%$*§gﬁé "l ower inpingenent finger 38 is disposed

in oven chanber 24 below conveyor 26 and directly bel ow upper inpi ngerrent
finger 34. Upper enent . f er 36, | o ed in oven chanber,

above conveyor rgﬁ' gﬂ\ﬁ@ aVrdbﬁ Plyfsng'ﬁgﬁj £6 qns“%ﬁesrd%m%mle’gven
chamber 24 fﬁ%@b?‘mlén% é?bfﬁ;ﬁmé@m%ﬁﬂfl 'aYIoQ@r(PerHi@léﬂ{edtW'HP&gﬁgeé‘t fi nger

ére38,
36. Upper i npi ngerrent ?ers &%6 and | ower | npi ngement fingers
and 40 eacHowaclnumegemsnu ingen40 amd yeturrogeeis g 46048 amded hidpper t o provi de

jets o |np|n onyeyor S e on f
roduct® 2omeinaert naek S BipRRRE o Pus sifuBY bl ARV AR 36 and
lower i npighgEiaRer ithpingemet? finget 88l6s dispoSREM d\esh darhbat 2abelo st i but ed
over their respective surfaces that face conveyor 26 so as to provide a
uni form conveyor 26 and directly below upper impingement finger 34. Upper

impingement finger 36 is disposed in oven chamber 24 above conveyor 26

and lower impingement finger 40 is disposed in oven chamber 24 below

15 conveyor 26 and directly below upper impingement finger 36.

Upper impingement fingers 34 and 36 and lower impingement fingers
38 and 40 each include a plurality of jet openings that are shaped to provide
jets of impingement air toward conveyor 26 so as to impinge on food products
20 carried thereon. For example, upper impingement finger 36 and lower
impingement finger 40 include jet openings 64 that are distributed over their
respective surfaces that face conveyor 26 so as to provide a uniform
distribution of impingement air to the food products on conveyor 26.

25 It will be apparent to those skilled in the art that impingement air duct
assembly can have more or less than the four air jet fingers shown in Figs. 1-
3. For example, the air duct assembly could have a single upper and a single

lower jet finger disposed opposite one another.

30 Conveyor 26 includes openings (not shown) which permit airflow from

lower impingement fingers 38 and 40 to penetrate and impinge food products
5



di stribution of inpingenent air to the food products on conveyor 26. 25 It
w Il be apparent to those skilled in the art that inpingenent air duct
assenbl y wervslsared nore or less than the four air jet fingeca/ishawses n Figs.
1 - 3. For exanple, the air duct assenbly could have a single upper and a
single lower jet finger disposed opposite one another. 30 Conveyor 26

I ncl udes openi, (not shown) which permt airflow from | ower inpingenent
fingers 38 caﬁrdecgmqr@orpeﬁ@f ea@@pémonwmg?@ m@udngwea@c@agr obenate$3/ 082024

PCT/ US03/ 0 d
. gi%gﬁ'ls 8&Weeﬁ%lﬁlgﬁ\rﬁg§gls\ﬂf‘)§é% 0 r&it Co“?@ are %ﬁu@ﬂ Wﬁl € a

pair of endless “charns b di spose strips

or rods, upbe fodd ploducheafeositigied thrdtavebthreosgh oatredhaober P4y el through oven
chanber 24. 5 Return ducts 42 and 46 are di sposed in oven chanber 24 above

conveyor 26 and return ducts 48 and 52 are disposed in oven chanber 24

bel ow cgnveyor ferafdddésest dxd bé'a‘?é"di%lb‘é%éd‘ﬂr?o@@ﬁ cA8mbeP SRl ¥el y. Return

ducts 42 and 48 are disposed in oven chanber 24 between upper and | ower
i npi ngementconvayer 26 3nd sekirguaisct®and H2ere disr®serdn gvan ¢ghembes@4and 52 are

36 and 40 AWEOVBEN2Egha AleRf bGER AR 2% 48 "Erat EBLBATE kY deone
or nore openichgs2 ahdt48 aregtispbsathin lew chamhibere?4 Béﬁvddmurppbf%dQBW@ber 24.
An oven wall 56 separates qgven chanber 24 from heati ng chanber 22.

Upper i npi ngeifgementingess 34 anddBanaratry ower28. nBengr%lﬁts 46 ape 52 egg and

22. “Red0r n AR, BRNRY Waeitd 2 ULy gy R Ber b eREfOS oo T
56 so as t @6oand A0fdndi ekicpoB0i Getumndwdts 42h4et 4@ gnd is2ndeoh iAeludOcrie wal | 56

i ncl udes an openi ng 44 disposed, bet ween i npj ngenent fingers 34 and 38 and
rﬁore openings 5i through which returnnglr enters from oveén chamber 24.

An oven wall 56 separates oven chamber 24 from heating chamber 22.
15  Upper impingement fingers 34 and 36 and lower impingement fingers 38 and
40 extend through openings (not shown) in oven wall 56 into heating chamber
22. Return ducts 42, 44, 46, 48, 50 and 52 mate with openings in oven wall
56 so as to be in fluid communication with heating chamber 22. Oven wall 56
includes an opening 44 disposed between impingement fingers 34 and 38 and
20 impingement fingers 36 and 40. Opening 44 extends above and below
conveyor 26. Alternatively, upper and lower air return ducts can be provided

in fluid communication with opening 44 to better balance the return airflow.

A fan blower 58 is disposed in heating chamber 22 and provides heated
25 air to oven chamber 24 via upper and lower impingement fingers 34 and 38. A
fan blower 60 is disposed in heating chamber 22 and provides a heated airflow

to oven chamber 24 via upper and lower impingement fingers 36 and 40.

Impingement air duct assembly 32 includes duct extensions that extend
30 into heating chamber 22 to provide duct paths between fan blower 58 and

upper and lower impingement fingers 34 and 38 and between fan blower 60
6



20 i npi ngenent fingers 36 and 40. Opening 44 extends above and bel ow
conveyor 26. Alternatively, upper and |lower air return ducts can be

provi ded worsfoae4«l comruni cati on with opening 44 to bett ercralsasne®ses he
return airflow. A fan blower 58 is disposed in heating chanber 22 and
provides heated 25 air to oven chanber 24 via upper and |ower inpingenent
fingers 34 and 38. A fan blower 60 is disposed in heating chanber 22 and
provi des a atshyRRErANdf IPWRr IMBINg@EIENE finaeis 36&and 49 lﬁ%@rxamniem%r

I mpi ngenent ng [ udes
duct extensrleoér@g?‘%ﬁ%ﬁg ?é (‘#‘P%\f)d iggtsgprﬁ gﬂ?é '5?1%‘}/%3 o prow e duct

pat hs bet wegymnkais \blltromppeﬁawcaIWerupmmgemmmfmgers Bépindgthwiata paingkrs 34 and
38 and between fan bl ower 60 6 WD_Q3/ 08%024 PCT/ UF034095?8 and u er and
Cover i mpi rHRARERNOIPWEGAUCtECARS 48 2ndf2. despRAtyely A mHartveutahilc i,

3, a 5hSOU%A%rﬁHHrI&HQﬂéuét%cﬂéﬁéPﬁﬁrs)ﬁo\}\fn)fa?é‘p%\ﬁd\@d itdad BfbwéraggIect s with

upper and | npi ngenent fingers 36 and via a pair of upper and
| ower duct sections 70 and 72, respectively. A simlar shroud and 5 upper

and | ower duct ctlons are OVI ded for Fan

bl owers 58 and 8%5%5@&”9%“@ PRYIP etoaqlrpu@?\ﬁgeq]quggp\fﬁatmghanber 22
and oven Chﬂtﬁmser% Aol chaRben 4 did intbifgemeneaklducBassuttbly @pesmdig 44.
For exanple, with reference to Figs. 2 and 3, fan blower 60 1 rovi des a

ci rcul at i ngPRENIAg 44y Toaexampls vath relﬁfﬁé%é%&'@l%@e&”dﬂ%&ﬁ“é@@%b 70 and

duct s 98 o RO R TR a5 8B, FifbrSha RRE Rl oS 70 ' 1"
backwar d i rgrid T@dippenced lawdr mnmngem\eenfubg/ere (01001 | SO(WermWer For

exanple, with reference to Fig bl ower 60 ha shaft 61 that is
coupl ed 15 reBirg dYeisAd ABl o moaewngﬁér ifan Blpwese téamqi Gherafr@dyol ades

about its RefeRikWard inclined blades and are driven by a motors (not shown). For
example, with reference to Fig. 3, fan blower 60 has a shaft 61 that is coupled
15 to a drive motor and a plurality of backward inclined blades about its periphery.

A suitable heat source 66 is disposed at a desired location in heating
chamber 22 to heat the circulating air. Heat source 66 may be an electrical
heater or a gas burner as desired. Heat source 66 may be disposed to the

20 suction input side of fan blowers 58 and 60 or at the output side thereof.
Alternatively, separate heat sources may be provided for each fan blower so
that the zone or area between upper and lower impingement fingers 34 and 38
can be temperature controlled independently of the zone or area between
upper and lower impingement fingers 36 and 40.

25

The temperature of the impingement air delivered to the bottom and top
of the food product can be controlled to be the same or different. For
example, with reference to Fig. 3, one or more electric heaters 74 are
disposed in lower duct section 72 to supply a boost in heat to the impingement

30 air provided by lower impingement finger 40 to the bottom of the food



A suitable heat source 66 is disposed at a desired | ocation in heating
chanber 22 to heat the circulating air. Heat source 66 nay be an el ectrical
heat er orwe ogas2bur ner as desired. Heat source 66 may be @CIpsepmssO t he 20
suction input side of fan blowers 58 and 60 or at the output side thereof.
Al ternatively, separate heat sources may be provided for each fan bl ower so

that the zone or area, bet ween upper d |l ower, inpingenent fingers 34 and 38
can be t enfREPHYGIEe FEBlRraRIY] Qﬁaq%%agéﬁ:@@ﬂ%? o?ﬁglr%oquﬂmllegrtgé(a% en
upper and | uRiNhidd ROgEAHIJW.ngers 36 and 40. 25 The tenperature of the
| mpi ngenent ai rapgg?c:l vered to the bottomand top of the food product can be

controlled to be the sane or different. For exanple, wth reference to
Fig. 3, one or re electric, heaters 74 are . disposed. in |ower duct section
72% o suppl y & BBGEEOIfAEA B8 ineSnih. Aeabht BV P Red by | over

| mpi ngegentcifduRdng AfloWosd fifat BIgd (g ophirldasvéreado the YSOPBIdMRRAMy the

PCT/ US03/ 09568 products. Preferably, heat source 66 is capabl e of being

control | ed impingamentiair duetassgply ate not @My haated ol alse lagenorittance with the

i nvention, ' r & 1eS,.| re ' t . ' [ ikl hat the
jets of ai rrqgfgﬁrg'eEééégg‘%ﬁe#@%oidQ%diﬂﬁq'sguﬁéy{sﬁ H{ég&ilér%jl ﬁg@%’r&ﬁ%%ﬁpbduct
assenbl y arieaned apfidy el rdedvrtofdhs oldvaste 58vrid60 goithatthe.hddeddrring to
Figs. 1 and 3, noisture is introduced in the circulating  heated airflow in

the interi dMANZEBRNIAIGASACINBrachly @EnseNamRer 24 dS IRAANHIth MalstHERment air,
as del iyper eﬁ'hé %o%%@(éhlgat@ i erfiances tﬂtlé‘?’r?é?m‘éﬂl {rgn%'r%t\ér@o%@}?ﬂ%%mfs?t ure

| aden air enhances 't ermal transfer rate by about Vis- ~-Vis the
t her mal t r engisahe tiaerenal ftrathsferaate of dry air.

A moisture delivery device 75 includes a plurality of delivery tubes 76
that are disposed at the low pressure sides of fan blowers 58 and 60. As
15  shown in Fig. 3, moisture delivery device 75 includes a valve 78 that connects
the tubes 76 to a water line 80. Valve 78 may be controlled to modulate the
humidity provided by the jets of impingement air of each pair of an upper jet
finger and a lower jet finger. Moisture delivery device 75 may include a
separate valve 78 for each zone so as to separately control the moisture

20 content of the jet impingement air in each zone.

Those skilled in the art will appreciate that conveyor oven 20 includes a
support structure for holding in place conveyor 26, impingement air duct
assembly 32, fan blowers 58 and 60 and moisture delivery tubes 76. The

25 support structure may be any suitable support structure, known presently or in
the future.

Referring to Fig. 4, delivery tube 76 is alternatively located to introduce
water to the heated air stream at the external blades of the fan blower 58 or
30 60.



A noi sture delivery device 75 includes a plurality of delivery tubes 76
that are disposed at the | ow pressure sides of fan bl owers 58 and 60. As 15
shown i n Wio@3/0820240i sture delivery device 75 includes a vacraSi®osshat
connects the tubes 76 to a water |ine 80. Valve 78 may be controlled to
nodul ate the humdity provided by the jets of irrpi ngenment air of each pair
of an upper jet _finger and a | ower t finger delivery vice 75
may include a 8@}?&9% 'Xﬁa?t%%mﬁo’f”gﬁd chS ggraergio @%é’b‘é\?’%}@?yq@ontrol
the moi sturg rg&J&éH‘rhE{Pfa cﬂf:ultahﬁ Jh@atécﬂ&r'rﬁk%(f%”&elﬁ/bw {UbeR @ Iﬁ%ﬂfﬁerThose
skilled in the art rec ate that conveyor oven 20 includes a

support st raaseml’@\fvaterlmolthn stpammisphtroducerhiney cegutatedimanmerententheai r  duct

Support st riakERs thapss 1A Bt ES AR 260 TbARoktiE e esent 1y or

in  thesf utidgpily BRftRigrdingn tite figh préssitel dide bytHelan. ¥hes waltéeisnaedyel y
| ocated to introduce. water to the heated air streamat the external blades

of the fan theorstactef waterawittsthe lotgoriaeead 2oe larpeieelyPlades Fauses a
Al ternativel 0 am gener ator (not shown) may be
I nt roducederr ﬁ'q%\sea%é%?%@ﬂ ’%ﬁ% %ﬁﬁ(\a’%bi rflgow Vi a del(r very tub)es 7% In

either case, the water or the steamis introduced in a regul ated manner
into the intake_ or the blades of fan blowers 58 or 60 so as to inpart

moi sture to the PBeferinglo KigeRi thedpaipd apd mefstuie frlas A8QY & W of t he
fan. Wgn "@rtc% r&rg tH h rg&ﬂigé?ﬂ@ﬁ it 40kt AeMbI ?rénrdhr?e iRQUefrbagR of the

fan wheel or rap evaporati o rom wat r to vapor.
Referring tjetsl-'cbfg\ea!ﬁed ahe nesfiues [eadech aimi st ure | aden airflow is shown

In the conveyor oven of the present invention, cooking begins almost

immediately in the moisture laden heated air. A cooking pan (not shown) for

15  the food product heats faster in moisture laden air than in dry air due to
greater thermal transfer from the moisture. For example, a cheese topping for
a pizza or other food product begins melting almost immediately. By
introducing the moisture in the heated airflow at a point that provides
impingement air columns or jets laden with moisture, a mixture of moisture

20 laden air is provided at the surface of the food product, thereby providing
homogeneous cooking. The mixture may be in the form of columns of

moisture laden air that impact the surface of the food product.

Also, the jet apertures can be shaped and positioned to provide an
25 airflow pattern of overlapping jets that coalesce, diffuse or plume to form a
blanket-like mixture of heated and moisture laden air at the food surface of the
food product, as, for example, described in copending U.S. Application, Serial
No. 10/167,335, filed on June 11, 2002, for High Speed Cooking device and
Method and assigned to the assignee of the present application, which is
30 incorporated herein by reference. For example, the jet apertures can have a

jet cross-section of a dog bone, jack, starburst or other shape that achieves
9



10 circul ating through inpingenent air duct assenbly 32 and being delivered
as jets of heated and noisture laden air. In the conveyor oven of the
present iwoeawmsmn4 cooki ng begins alnost imrediately in tla/usos/edses e | aden
heated air. A cooking pan (not shown) for 15 the food product heats faster
In noisture laden air than in dry air due to greater thermal transfer from
the noi sture. For exanple, a cheese topping for a za or other food

| .
product bedhﬁ?'@fﬁﬂeﬁ"h%eggﬁb%‘tthﬁrﬁ%fépapém& Lo PFPHP?'EG RENkAEOTAIF sture in
the heated pﬂ’b{/iﬁ%ﬂ‘ﬁﬁ[’\ege %g&%)fiﬁrogé-gébm al|dW§2 leda%i@[erﬂa{te Gptyms or

jets | aden'w nor'sture, e of noisture en-air is provided at
t he surf acehested hadfoaistupe tatiert air tdhbe dlmedincy ratigegthahpengigsitomds cooki ng.

The ni xt be in the f f col \ i sture |aden air that
mpact 't he RIBAVSE! SiterRE: RSP SR etoRes dihoul Rufilh usBetely ulustifG e

shaped gnd fgagpkbgned to provide an 25 airflow pattern of overlapping jets
that coal esce, diffuse or plune to forma blanket-like m xture of heated
and noi sture laden air at the food surface of the food product, as, for

7700 on June 1LonyBRRERRE A orn R it Bhd o Sin e Mis sl

assi gned t mdtheendise ane@piigenentpokirand hape faileattb @roviabichomsdgdfeous

i ncorporated herein by reference. For exanple, the jet apertures can have a
j et cross- Jeedyrgdf gROIGIUARIRASHRAIN. j ack, starburst or ot her shape that

achi ev 9 WO 03/082024 PCT/ US03/09568 the blanket-1like effect at the
surface of the food product. The bl anket of air provided by these types of
j et cross-secti dnshakboveydrhwedelfithe pyeseat vehtibhecarhemdigihgasfdooaisst ur e

| aden air to be tuned in a range that permts food, products of different
hei ghts t o "Bereciork¥RIwNeBRIYD ?fﬁi"ﬁﬁj'ztf% {H@r’equalﬂ]g&éipﬁﬁ@m occurin a

steam cabinet. However, the homogeneous mixture in a humidified
environment created by the conveyor oven of the present invention provides

15  rapid cooking times as well as caramelizing.

Referring to Figs. 6 and 7, an alternate conveyor oven 82 of the present
invention comprises a heating chamber 84 and an oven chamber 86. An
upper conveyor 88 and a lower conveyor 90 are disposed in oven chamber 86

20 in a stacked relationship. Upper and lower conveyors 88 and 90 are operable
to convey food products through oven chamber 86 in a direction perpendicular

to the plane of the drawing sheet.

An impingement air duct assembly 91 includes an upper jet finger 92, a
25 lower jet finger 94 and a middle jet finger 96. Upper jet finger 92 is disposed
above upper conveyor 88 to provide jets of impingement air to the top of a
food product disposed thereon. Lower jet finger 94 is disposed beneath lower
conveyor 90 to provide jets of impingement air to the bottom of a food product
disposed thereon. Middle jet finger 96 is disposed between upper conveyor

30 88 and lower conveyor 90 to provide jets of impingement air to the bottom of

10



5 fan speed. Conventional conveyor ovens that introduced steam via tubes
arranged between the air inpingenent colums have failed to provide a
honogeneow® o03m82024r e of noisture |aden air. 10 I n the conveegarsoaveses of the
present invention, caranelizing of food is nore forgiving. Normally,
caranelizing (i.e., browning) does not occur in a steam cabinet. However,
t he honbgeneous m xture in a humdified envi ronrrent crg)at ed by the

conveyor ovBA 'e@d prrdust a8 &pper FOBYRY WS8R 1BS 198 of s tpaddenienhst ti nes as
wel | as Car@gﬁéée@&glom@fﬂdbé?& d® Figs. 6 and 7, an alternate conveyor
e

oven 82 of present invention conprises a heatlng chanber 84 and an
oven chanber 86. An upper conveyor 88 and a | ower conveyor 90 are di sposed

in oven chanber 86 20._ in cke el ati nshl er r con eyors
88 and 90 are. ophraaicn iR B e G BaCEKE c RRRsHEBIen S Hianeeed oo 1 n
a direcg Onnmaﬁg@hamb@f g4l qrém@owea@e s 4 BRaftln BWitRA 8 fp%%end‘hsuar to

i npi ngenent air dlct assenb i ncl udes an upper jet finger 92, a 25
| ower j et fthagecptlmofampeaamdddwer cenveyarg 88 86!, Mrﬁp@mqmerfthaigahngla is

di sposed 0 0, A ' nt air to the
top of a fa%n&élgfﬁy @%gélfr%daea{% Péect?&?‘t%h“}ea?(%gha a‘_vgaﬁ/eﬂlyc?] ec’f\}zlfn &@Q%ié? s di sposed
beneat h | owespectiveeylowilPbe pﬁrécﬁa‘tbde)yjtﬁbge@klllém trgeam Mhatativo drambfee bot t om
of a food product disposed thereon. Mddle jet finger 96 is disposed

bet ween uppah liGHeisyBRY be REBVIERE. |F&mebloweh9%ww@@s eoeAepitoydes of
| mpi NOQEENtei Rl farib M h@%’ilg anhmbejr%4 ?op oé gar %ﬂé’fﬁ%@f@%t@f 00

product "on upper conveyor to the
and 96 to oven chamber 86 and back to heating chamber 84 via a fluid

communication, e.g., return ducts (not shown) of air impingement assembly
91. A burner tube 102 heats the circulating airflow. Moisture is introduced into
the heated airflow via a delivery tube 104. The moisture is delivered to the

15 interior of the fan in the embodiment of Fig. 6 and to the exterior of the fan
blades in the embodiment of Fig. 7. In either case, a source of water or a
source of steam may provide the moisture in a regulated manner, e.g., via a
valve as shown in Fig. 3 for conveyor .oven 20.

20 The present invention having been thus described with particular
reference to the preferred forms thereof, it will be obvious that various
changes and modifications may be made therein without departing from the
spirit and scope of the present invention as defined in the appended claims.

11



di sposed on | ower conveyor 90. A centrifugal fan bl ower 98 havi ng backward
inclined blades is disposed 5 in heating chanber 84. Fan blower 98 has a

shaft 100wbhatsio34 per pendicul ar to the notion of upper amdTiE®09s6DNVEYOr S
88 and 90 in a manner that its high and |ow pressure sides face toward and

away fro , respectively. It will be appreciated by those
skilled Wﬁgﬁgsﬁ%ﬁm or nore fan blowers may be provided. Fan

bl ower 98 provides a heated airflow for 10 circul ation from heating chanber
84, upper, mddle and lower jet fingers 92, 94 and 96 to oven chanber 86
and back1t o héardnvgyehavaieeomRrising: a fluid conmunication, e.g., return
ducts (not shown) of air inpingenent assenbly 91. A burner tube 102 heats
the circulating airflow Moisture is introduced into the heated airflow

via a delivery donkeydiGAat dbreveysi sioddeproduciebdtween cnt enthhport andrdresxior  of
the fan in the enbodinent of Fig. 6 and to the exterior of the fan bl ades
in the eRPBdi nent of Fig. 7. In either case, a source of water or a source
of steam may provide the noisture in a regulated nanner, e.g., via a valve
as shown in Fig. 3 for conveyor oven 20. 20 The present invention having
been thus desanidieithpmddment dssemialy dispeked drbeecem shaideentnepent mad daid ns

thereof, it will be obvipus that various changes and mdificgtions nmay be
made t heP¥it RO faQﬁéﬁoﬂ?rH&'dﬁrlﬂﬁ @fialr toé"fﬂraisg“gﬁ?@ﬁsq{ga@c%?nahe present
invention as defined in the appended cl ains. WO 03/082024 PCT/ US03/ 09568

WHAT IS CLAIMED IS: 1 A conveyor oven conprising: a conveyor that conveys a
food product bdamblowermadeatsr gt & meoistuse delivary deyice, diaposed toi providgenent

assenbl yaq{e%?é)ds grqd %gig\ﬁﬁé} Iasdae'ndai?f[gv& {0 £ tairaipn%insg"’}a'\rf‘jnent assembly so that
said jets of air are heated and laden with moisture, thereby producing a mixture

of air and moisture at the surface of the food product.

2. The conveyor of claim 1, wherein said mixture is in the form of columns of

moisture laden air.

3. The conveyor of claim 1, wherein said jets of air and moisture impact said
surface of said food product with an airflow pattern that coalesces at the food
product surface, and wherein said mixture is a blanket-like mixture of air and

moisture.

4. The conveyor oven of claim 1, wherein said moisture delivery device

provides moisture to a suction side of said fan blower.
5. The conveyor oven of claim 4, wherein said fan blower has a plurality of

blades arranged about its periphery, and wherein said moisture is injected
radially inward onto said fan blades.

12



exit port and arranged to provide jets of air toward said food product; and
a fan blower, a heater and a noisture delivery device disposed to provide
a heat ed wod3/eioss ure | aden airflow to said air inpingene®CTASS®MSEY Sso
that said jets of air are heated and | aden with rmi sture, thereby

producing a mxture of air and .noisture. at the s a he food
pr oduct . 82 %Ee@QHV%XRfrOV@P Cg Ci‘?'m 1, W%’@r"é?ﬂ'déﬁ?'ﬁ >gtced?’%ryi VISP t he form of
col umns - pfovid Hokire! BUHo@plt sidle ofR8iCAAAYAE Of claim 1, wherein sald

jets of r and nol sture | npact sai surface of said food product with an
airflow pattern that coal esces at the food product surface, and wherein

said m xture a bl anket - e, m X of aiLr J The
conveyor t7oven1|-§§a CBPX?WFPV% Cé?'ﬂ‘ é 'i%n §?'8rfgﬂgg?‘p%e$%/ é@v‘fr(a,gty QBr ovi des
noi st ur eférpbladésl‘éiﬂaﬂgeé la@@ut)ﬂs patighégnahd awRireinsaid hoistary Rysrovieeeno of
claim4, wherein said fan blower has a plurality of blades arranged about

its peri poriagt S@ﬁdamadﬁsn said noisture is injected radially inward onto
said fan bl ades. 12 WD 03/082024 PCT/ US03/ 09568 6. The conveyor oven of
claiml1, wherein said noisture delivery device provides noisture to an
out put sgde ofTheaodvéysr ddepvafrclairh 1,Twheimeaidanoisues ioEelectadirém thiber ei n
said fan bl ower has a plurali fan bl ades arranged about its

peri phergro%%PWfémlﬁ waley arﬁﬂy%t?a% is provided to contact said fan

bl ades. 8. The conveyor oven of claim1l, wherein said noisture is selected
fromthe group consisting of: water and steam 9. The conveyor oven of

cl ai m 1, 9wher &ha ceaveyormvenuofeclaiel | vehgreilesaidemoisture delivery device

delivers moisture to said airflow, and wherein said moisture delivery device

includes means to vary the amount of said moisture delivered to said airflow.

10.  The conveyor oven of claim 1, wherein said heater and/or said delivery
device are capable of being controlled to vary the temperature and/or humidity of

said moisture laden airflow.

11 The conveyor oven of claim 1, further comprising an oven chamber and a
heating chamber, and wherein said fan blower is disposed in said heating
chamber to circulate said airflow between said heating chamber and said oven

chamber via said air impingement assembly.

12.  The conveyor oven of claim 11, wherein said air impingement assembly
comprises one or more jet fingers disposed above and/or below said conveyor.

13.  The conveyor oven of claim 12, wherein said impingement fingers are

disposed in one or more cooking zones along said conveyor.

14.  The conveyor oven of claim 12, wherein the heat and moisture provided to

the impingement fingers in said zones is separately controllable.

13



delivers noisture to said airflow, and wherein said noisture delivery
device includes neans to vary the anount of said noisture delivered to

sai d ai rfwows/s2b®4 The conveyor oven of claim 1, wherein ardsi®edses and/ or
said delivery device are capable of being controlled to vary the
tenperature and/or humdity of said noisture |aden airflow. 11 The
conveyor oven of claim1l, further conprising an oven chanber and a heating

chanber, 4ygnd Wé&%h!?e)?tfridile{ga& é?éiﬁi"@,rwgére‘iﬂ SRASAVEPorEdHpASH A Plurafyanber

to circulate said airtlow between said heating chamber and said oven
chanber of convgiydradisposgd inya statkedgselatibnghipiand mhereiomaid/air oven of claim

11, wherein said air inpingen i . re jet
fingers EW%'B%@ ngB%%n”gfxﬁggﬁgéﬁ%if@&%’éfyr&%aﬁg@hpsrﬁ&fgﬂg.}%@e onvejyor oven
of cl ai mrgingatehehin t6 fdatl produatiesaTibd biyrphsofaiaid comeesed in one or nore
cooki ng zones al ong said conveyor. 14. The conveyor oven of claim 12,

wherein the heat and noisture provided to the inpingenent fingers in said

zones | 5. genayab e SN AH Alisim 1HAA405RAE PG PREARART, 15. The

conveyor oOven O 1, wherein sald conveyor conprises a plurality of
conveyor pratiuspdst the sudace eféad foed ptodueshi p, and wherein said air

i npi ngenent assenbly provides said jets of heated and noi sture | aden

i mpi ngenent air to food products carried by each of said conveyors. 16. The

conveyor 1even i i ] ik~-and noisture is
19! %efh'o? @obe{ﬂggq § c?gge rﬁx/&hecdﬁf\pl@ém

produced at the surface o product . . %\ met hod of operating a
conveyor oven conprising: conveying a food product with a conveyor;

converting an airflow to jjets, of i.opi ngenent air that i
g conveying atfooéi product wﬂﬁpa C(%'\veyor; are provided tovard

converting an airflow to jets of impingement air that are provided toward

said food product; and

heating said airflow and providing moisture to said airflow so that said jets

of impingement air are heated and laden with moisture.

18. The method of claim 17, wherein said mixture is in the form of columns of

moisture laden air.
19. The method of claim 17, wherein said jets of air impact said surface of
said food product with an air pattern that coalesces at the food product surface,

and wherein said mixture is a blanket-like mixture of air and moisture.

20. The method of claim 17, wherein said moisture is selected from the group

consisting of: water and steam.

21.  The method of claim 17, further comprising a step of controlling an amount

of said moisture provided to said airflow.

14



said food product; and heating said airflow and providing noisture to said
airflow so that said jets of inpingenent air are heated and | aden with

noi st ur e. wbd3/081ve4 net hod of claim 17, wherein said m xtur@craSosodsee form
of colums of noisture laden air. 19. The nethod of claim 17, wherein said
jets of air inpact said surface of said food product wwth an air pattern
that coal esces at the food product surface, and wherein said mxture is a
bl anket - bpke MTh &R0 of @idimarnd Wﬁéréfnbgaﬁ’d irPingéhrRnBESaAbRf ineluab8lal 7.
wherein said noisture is selected fromthe group consisting of: water and
steam 2plurglify ofrist laperturescihnat arelshapad amnd pogitiaped s tatsald égis of atont rol | i ng
an anount t. said airflow 14 WO 03/082024

PCT/ USOSP&@E%%PO%V&h% #@fﬁ@&%q‘gﬁﬂéﬁhﬁ? 17, wherein said inpingenent
assenbly includes a plurality of jet apertures that are shaped and

posr ti oned so_that said jets of air  overlap Pr ovi.de sai d bl anket-1ike
mi xture. 233. The methadof Sfa'@l%ﬁ Wheseingns @j 'Fi‘oé'fh@ %@rdd%tr%o%rurgahav?@t

apert ur egradvectt %@%%%ecﬁ?o%h% 8LgebRisting B 85§ bBheURck AMRl Staf of dog
bone, jaglk an% s?gr burst. 'ﬁ?e ?ret ﬁo‘g "8# c? ?m 17, ) V\ﬁer ersrirégalg?txture of
air and noisture is produced at the surface of said food product. 15

24. The method of claim 17, wherein a mixture of air and moisture is produced

at the surface of said food product.

15



