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5 AIR DISPENSERS FOR MICROWAVE OVEN

CROSS REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of
Application Serial No. 08/357,705, filed December 16,
10 1994, entitled ”CONVECTION HEAT TRANSFER APPARATUS," a
divisional of Application Serial No. 07/958,968,
filed October 9, 1992, (now Patent No. 5,401,940,
issued March 28, 1995) entitled "OSCILLATING AIR
DISPENSERS FOR MICROWAVE OVEN" which is a
15 continuation-in-part of Application Serial No.
07/723,250, filed June 28, 1991, (now Patent No.
$,210,387, issued May 11, 19293) entitled "FOOD
HANDLING SYSTEM", and a continuation-in-part of
Application Serial No. 07/463,279 filed January 10,
20 1990, entitled "MICROWAVE VENDING MACHINE," now U.S.
Patent No. 5,147,994, issued September 15, 1992.

TECHNICAL FIELD
The invention relates to improvements in
25 recirculating air convection microwave ovens for
heating food products.
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TECENI CAL FI ELD The invention relates to inprovenents in 25
recirculating air convectlon M OELNRMRURERE Ta%rention heati ng food
product s. In hX\Q 70438y ooaservi 4 food vendin

Background of | nrachioes, cleaning is & mdmy:msiet‘eﬁdgmw%@ﬁ)\ﬁéng and
food vending particlilGRlpesapéteant Nth iadixd rERii®eutanshgeration. This is

partlculgrly Iﬂpq_%a% ehﬂn%'&v&ﬁ&'éf“ﬂﬁa'é¥§e dzsclosed in U.S. Patent
No. 3,884,213 and in convection ovens with microwave
food heating.
Patent No. 3,884,213 discloses an oven equipped
with a pivotally mounted, rectangular shaped,

10 microwave transparent plate having spaced tubes
extending therethrough for forming collimated jets of
air that are projected toc impinge upon surfaces of a
food product. While the disclosed oven provided

" significant improvements in the transfer of heat to

15 the food product, it was difficult to clean and
maintain. Further, the shape and mounting for the jet
plate did not permit optimum air flow to provide
maximum efficiency and required that the jet plate be
microwave transparent. _

20 . Microwave heating of certain foods, including
pizza and sandwiches that contain dough and bakery
products, typically leaves the surface too moist and
less palatable than similar food products cooked in
other types of ovens.

25 ovens of the type disclosed in U.S. Patent No.
3,884,213; U.S. Patent No. 4,154,851; U.S. Patent No.
4,289,792; U.S. Patent No. 4,409,453 and U.S. Patent
No. 4,835,351 employ air jets which impinge upon the
surface of a food product to provide surface heating

30 of the product in combination with microwave heating.

Jet impingement ovens have enjoyed significant
success in commercial foodservice and commercial food
processing operations. However, a long felt need
exists for apparatus for quickly and efficiently

35 heating food products that require little or no



5 | mpi ngenent ovens of the type disclosed in U S Patent

No. 3,884,213 and in convection ovens with m crowave food heating.
Pat ent No. 3,884,213 discloses an oven equi pped with a pivotally
nmount ed, rectangul ar shaped, 10 m crowave transparent plate having
spaced tubes extending therethrough for formng collinated jets

of I I t are projected to inpinge upon surfaces
f ood productw #@gthe di scl osed oven provided ﬁﬁhﬁﬁ%gﬁ?
i mprovenents in the transfer of heat to 15 the food product it was

difficult to clean and mai ntai n. Further, the shape and nounti ng
for the jet plate did not permt optlnun1air flow to provide

maxi mum ef fi ci enﬁaéeaaflaéfaw f&d ﬁ&@tnﬁ@ w&aimgafu&&ﬁne for hot Hkgiguave
transparent. 20 rowave eati ng of” certai,n foods, |nclud|ng

pi zza and sandmnEHQSIPhﬁfuﬁﬁﬁTaF%Pd% ferV1°e opergtighs: s,

typfcally | eavesthas cnefezsxlmoch@antdand | ess pal at abl e t han

simlar food product SUCQOk?Qtéﬁ't No. 43105553&1.{@6190%& ORSination
Oveps of_ the type, dlsclosedﬁé fen U.S.

Patent Ro. 4, 154B46FOWayVe a t'éﬂ’f“’iﬁtmn Sver in "2‘63‘ ?Qfasuggrnﬁﬁtent No.
4,409, 453 and U. SosRtioned outside tie. odeBIxdBilexmpicatesd coynbustmbnch

i nge. upon theprogucts wnBLh!EE Bfadn!SAth Nifflihirdd: RARM dgchy face

heating 30 product 1 n conbination with m crowave heati ng.
Jet inpingenent ¥HERSVARIE EFPByRR theki G fihe oven by ashloyer
comerci al foodsayetem and theneombfhed osdtput of the Wloweasisygtemeisti ons.

Piveranty S50 MR8 the cuan SXEakn ff FRARAE WGl g ) o
the oven wal th the oven outlets and the oven
inlet are formed of holes substantially less than
one-half wavelength in diameter. A predetermined

"“portion of the blower output is blown through an

15 exhaust vent thereby creating slight negative
pressures in the oven and in the burner plenum to
control the air flow through the burner.

U.S. Patent No. 4,431,888 discloses a microwave

oven having a directional rotating antenna axially

20 supported on an axis of one wall of a microwave oven
cavity of the microwave oven to provide circularly
symmetric uniform energy distribution of microwave
energy within the microwave oven cavity and consistent
heating of a product in the microwave oven cavity. The

25 directional rotating antenna includes a two-by-two
array of antenna elements where each element is an end
driven half-wavelength resonating antenna element
supported by a length of conductor perpendicular to
the wall of the microwave oven cavity. A parallel

30 _ plate transmission line connects to each of the
. supports, four of which join at a junction which
connects to a cylindrical prébe antenna..The probe
. antenna is excited by microwave frequency currents of

a waveguide adjacent to the wall of the microwave oven
35 cavity.
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3 preparation for use in a vending machi ne for hot neals

and in counter top ovens for food service operations that are
easily cl eaned. U S. Patent No. 4,431,889 discloses a
conbi nati on 5 m crowave and convection oven in which a gas burner
positioned outside the oven provides heated conbustion oduct s
which are dr3R5f78Mh t he burner area al ong vvithpt\:/gg%grm éﬁém an
outl et of the oven by a bl ower - 4systemand t he conbi ned out put
of the bl ower systemis 10 bl own i'nto the oven through an oven
inlet region in the oven wall. Both the oven outlets.and the
oven i nl etrnar aif@etdshdl Aitdrines Us rvtatall pyl estoting

one- hal f wavel en i L.ageLe term ned . p Lon of the
bl ower out put i S%D&P:c?\?ng‘ ?ﬁr gg%héjéﬂéﬂlggg ﬁz[gdé%né:&sﬁ m\}gﬁ?wf’ﬁgrggéhcr eating
slight negative cavity. A dopeckaving 3 rfiattenash cendcpd sharBurner pl enum

to C @¥tePlainge ottvafd Dy iMrenwwd e JURMR’ microwave oven
U S. Patent No. 4 ses_a havi ng a

: _ 43% 88 %Laclp €S0 &1l CLQWaVE - QY
di rectidhal rot at93YgHnPERNAER &I FSAF LB F 55855 BATSA gﬂyaxl s of
one wal |l of a nmi suwwouadingnthe directionahwiqbatiing hatenvaoaade oven to
provide circul arlpgzevides unifo:ﬁYQﬁEi# Cdiﬁﬂzfﬁd’ﬂipd?{?ri&ytﬁie_s kolydkton of
m crowave . being %%gggﬁ m&thlgpt e nlggomame oven cavi and
consi st ent BEFRNGTRE DOPT TR RARF IHRYRLRBFETSven cavity.
The 25 mifilecitiedn £komothe i produt e rtowarts wledrgullar- bByeawdn
array ofgantenna 1§le£ iRl e AeEE SACELE! RIE Uwd v Byt Cavity. A
transition section extends between the top of the dome
and the one wall of the microwave oven cavity. The
waveguide including three sides affixes to the outside
- "wall of the dome, the transition section, and an
15 extension of the wall extending beyond the microwave
oven cavity which'supports the microwave power source,
all of which-comprise the fourth wall of the
waveguide. The microwave oven provides a consistent
cooking pattern, especially for sensitive foods by
20 utilizing high power of the microwave power source.
U.S. Patent No. 4,540,869 discloses a cooking
oven having both conventional heating and microwave
heating. The oven muffle includes a metal distribution
sheet along a backwall, forming a cavity with the
25 backwall. A bladed turhine fan is in the cavity, is
driven by an electric motor. Microwave energy is
introduced into the cavity through'a waveguide having
an exit iris in the cavity. Microwave energy entering
the cavity exits through openings in the metallic
30 distribution sheet, as well as past the rotating
turbine blade through additional holes in the
distribution sheet. The microwave energy exiting the
distribution plate is intended to proviae for a better
cocking energy distribution throughout the oven.



driven hal f-wavel ength resonati ng ant enna el enent supported by
a length of conductor perpendicular to the wall of the

m crowave oven cavity. A parallel 30 pl ate transm ssion |line
connects to each of the supports, four of which join at a junction which
connects to a cylindrical probe antenna., The probe , antenna i s
excited by m crowave frequency currents of aﬂﬁas

adj acent to YREHEP? of the nicrowave oven 35
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4 The directional antenna i ® rotated by a noving
streamof air circulated through the n1cromave oven cavity. A done

having a flattened conipcqbngNage need exi 30 U R 0LY o BEapal |
of the m crowave QVEI’I caylt ¥¥ provi ES a nearly Gl I‘CU al recess

partially =sGFFB&H&|ﬁ§4ﬂHé°E 74 HRt iyt hedtingeffa®and

provi des uniforn1gueﬁgpt¢|9hi=hupron1ﬂestimpﬁﬂvhﬁuﬁurface textbeenandeat ed.
The dome returns 1ggr, §§ ener gy reflected fromthe product
towards a_ circular ar In 10 the m ddl e area of the m crowave oven
caV|ty /P tran5|t|on section extends between the top of the done
and the one wall of the mcrowave GummazgvofyInvégtion

A preferred embodiment of the apparatus to
transfer heat between streams of recirculating air and
a food product includes an oven cabinet having an
10 interior divided by a foraminous plate to prevent
transfer of microwave energy from a cooking chamber to
an air heating chamber in the cabinet. The air con-
ditioning chamber houses air circulating apparatus to
‘“recirculate temperature controlled air from the air
15 heating chamber through the cooking chambe- to
facilitate crisping and browning to provide a desired
surface texture. The foraminous partition has
extremities spaced from and extending along sides of
the oven such that recirculating air is drawn along
20 multiple paths to the air circulating apparatus.
Microwave heating apparatus communicates with the
cooking chamber to provide rapid heating of the food
by electro-magnetic excitation. Air dispensing ducts
are mounted by a coupling which permits oscillation of
25 the ducts about axes to diffuse microwaves. in the
cocking chamber and to sweep collimated air streams
across the surface of the food product.
In one embodiment of the invention, a method for
controlling the temperature and surface texture of a
30 product includes the steps of: positioning a product
. in a container having upwardly extending sides and a
bottom; positioning the product and container in a
. temperature controlled atmosﬁhere; supporting the
product above the bottom of the container; and forming
35 a region of controlled air pressure alternately



wavegui de i ncluding three sides affixes to the outside wal | of the

donme, the transition section, and an 15 extension of the wall

ext endi ng beyond the m crowave oven cavity which supports the

m crowave power source, all of which conprise the fourth wall of
t he wavegui de. The m crowave oven provides a consi stent

cooki ng pattern especially for sensitive foods by 20 utilizing high
power of the WP @m& e power source. U.S. Patf&H{USRR{ 5%
4,940, 869 discloses a cooking oven havi ng both convent i ona
heati ng and m crowave heating. The®oven nuffle includes a netal

di stribution sheet along a backwall, formng a cavity with the 25

backual . A bl adegoyyp bhaco i Wlddic ot LhkY prbies. by s )

el ectric nmotor. MCT uce avity
through a wavegui deiFabPngrow a ternaq;;yegpﬂapgng pRPosite sides off &henave

energy entering  product §ﬁ6hffhﬂﬁ)téﬁﬁe&&thbéo&Bﬂtﬂ@ﬁﬂé@gﬁztrEﬂdW% metal lic

far bi ne bl ghzt{m%é %ﬁ ﬁ ngﬁw?\% E’% t'__'p‘e rggg&cgg%% |t5‘g[|on sheet .

The nicrolave enerQyt§ﬂmtpﬁgth¢mﬁ°ntalner- distribution plate is intended
to provide for a better cooki ng energy distribution throughout

t he oven. WO 96/397%9 .
PCT/ US96/ 09535 escription of Drawiggs

Drawings of two preferred embodiments of the

invention -are annexed hereto so that the invention may
10 be better and more fully understood, in which:

Figure 1 is a front elevational view of a first
embodiment of the oven, parts being broken away to
more clearly illustrate details of construction;

Figure 2 is a cross-sectional view taken along

15 line 2-2 of Figure 1; ' .
) Figﬁre 3 is a cross~sectional view taken along
line 3-3 of Figure 1;

Figure 4 is a top plan view of an air dispensing
duct;

20 Figure 5 is a side elevational view thereof;

Figure 6 is a bottom plan view of the air
dispensing duct;

Figure 7 is an end view of the duct;

Figure 8 is an elevational view of the inlet end

25 of the air dispensing duct;.

Figure 9 is a graph dlagrammat1cally illustrating
the velocity of an oscillating air dispensing duct
through a full range of movement;

. Figure 10 is a graphic illustration of multiple
30 air dispensing ducts moving asynchronously;



A long felt need exists for a mcrowave oven that I s capabl e of

qui ckly and uniformy heating food products whi ch provides

i mproved surface texture and crispness. 5

Summary of Invention A preferred enbodi nent of the apparatus
to transfer heat between streans of recirculating air and

a food product includes an oven cabinet having an 10 Lnterior

di vi ded by O¥3MPnous plate to prevent transfer SPYPPHRAvVe
energy froma cooking chanber to an air heating chanber in the
cabinet. The air con- di tioni ng cAanber houses air circulating .
apparatus to recirculate tenperature controlled air fromthe air
15 heating cha u

facilitate crispi ng ggsgr ?nggt%k% 1%3’% ﬁg'ede (?toa second surface
texture. The for& ﬁé&gepﬁr?ftﬁdml¢ﬁﬁﬂave oven 1&9&“4%ﬁ§|4&?4ﬂ5&§6d from and

extendi ng al ong nk€a3if§ apparatus dme cman calihdtAingdiNd I Wendiing air is

drawn al ong 20w sl tLRLECRALDSCLOUNE ¥ Tertd I dtld Shalia1 Us-

M crowave heating apparatus confuni ca i ng chanber
to provide rapid aslthEPﬂth@aYo%@‘mcre clearly illastmahe detadls
excitation. Ar @Esegﬁgtggcggghs are mount ed by a coupling which

pernmts oscillation O} s ts I axes to |ffuse n1cromaves
inthe . cookFA§ ERaMBet a?\dc’f%s%v% ‘f) T e
across the surfaddnef 12hd2f o8dFpgexiectl; I n one enbodlnent of

the invention, a net h@cig{:ea 13 is a crésMUdteidithi REidve et Wienand

surface, fexture oduct_includes the steps of: positioning a
product?® 14 3 igc&ﬁtgfngiqﬁﬁelﬁ% upwar dl y extending sides and a

bottom positioning tﬁégpredmétlandncexnkndﬁﬁ perspective view @fpdihet ure

control l ed atnnsgngr@nsiuaggﬁglQgpgpgtus' . product above the bottom of

the container; and for n of contrpolled air, pressure
alternately nbuge 15 is a dla gJm.mat::.c v{gw lllustratlﬂ% 53

"flow during a first stage of the cooking process; and

15 FPigure 16 s a diagrammatic view similar to
Figure 11 illustrating air flow during a second stage
of the cooking process.

Figure 17 is a diagrammatic view similar to
Figure 11 illustrating air flow through a particulate

20 food product; - _

Figure 18 is a fragmentary elevational view of a
portion of the partition between the cooking chamber
and the air conditioning chamber;

Figure 19 is a cross-—-sectional view taken along

25 line 19-19 of Figure 18; and

Figure 20 is a cross-sectional view taken along
line 20-20 of Figure 18.

Numeral references are employed to designate like
parts throughout the various figures of the drawing.

30

35
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6 adj acent opposite sides df the product by directing

air to flow alternately adjacent opposite sides of the pr oduct
such that tenperature controlled air flows bet ween the | ower
surface of the product and the 5 bottom of the container.

Descri ption of Draw ngs Drawi ngs of two preferred

enbodi ment s WP 96/¥0 i nvention-are annexed hereto S&HYEMPHL

i nvention may 10 be better and nore fully understood, in which: .
Figure 1 is a front elevational view of a ®irst enbodi nent of the
oven, parts being broken away to. nore clearly illustrate details

of -construction; Descriptidhi'ér PrderddrehOBandfthbned! Vi ew taken
al ong 15 line 2-2 of Figure 1; lgure 3is a
cross-sectional view T‘é‘ke?ﬂboﬂ@gtf“ts of the ippgoved ‘b{c’%"@}ﬁa oyen.
Figure 4 is a toarpgl aDlwstwatodd dn ae drapdngs0g In the firstuct; 20
Figure 5 is a SiQﬁbgéﬁﬂéﬁécgfﬂprdﬂﬁé|Tyi%9fén air heating chamber 40
5 is positioned behind a cobking chamber 30. In the
embodiment of Figures 11-17, the air heating chamber
is positioned above the cooking chamber.
Temperature controlled air is delivered into a
duct, having a surface formed of microwave reflective
10 material, for diSpensing a stream of air from the duct
into the cocking chamber. The duct is reciprocated
such that the microwave reflective surface on the duct
reflects and distributes microwave enerqgy in the
“cooking chamber. .
1s As will be hereinafter more fully explained, a
source of electro-magnetic radiation and air circu-
lating appardtus are employed for heating a food
product.  In the illustrated embodiments, the food
products may, for example, include french fried
20 - potatoes, chicken nuggets, pizza, submarine sand-
wiches, bread and other baking products.

Description of A First Embodiment
A first embodiment of the oven is illustrated in
25 Figures 1-10 of the drawings.

Referring to FIGS. 1, 2 and 3 of the drawing,
oven 10 hés a housing formed by rear wall 11,'space
side walls 12 and 13, bottom wall 14, top wall 15 and
front wall 16. Front wall 16 has an opening 17 closed

30 by a door 18 connected by hinges 18a to the front wall
16. A microwave trap is formed around door 18 to
prevent passage of microwave energy through space
around the door.

Magnetrons 22a and 222; best illustrated in FIG.

35 3, are connected to wave guides 23a and-23b extending



Figure 6 is a bottomplan view of the air di spensi ng duct;

Figure 7 is an end view of the duct; Figure 8 is an

el evational view of the inlet end 25 of the air dispensing duct;.
Figure 9 is a graph diagranmatically illustrating the velocity of
an oscillating air dispensing duct through a full range of
novenent ; Figure 10 is a graphic illustration of nultiple 30
ai r di spensi WP WY novi ng asynchronously; - WECTHEB5/IE3S
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Figure 11 is a perspective view of a secon@ enbodi nent of a

m crowave oven including a package handl i ng apparatus and oven

cabi net inside a_vendi f he ter cabi ne t vendi ng
mmchine 5 O “peFRgoBFakty arERrd Aolber SRFRIoR pEaPhd ev By aifh

of construction; best illustrated Rny FLGS2 4 &and @r egstbecﬂaﬁamwu ew t aken
al org o inﬂg&zzﬂé MdW4p kblre formed in the Ebgwsli315 Sofd

SFATEN K, M o i e, ekt LB
into a cooking chamber 30, as will be hereinafter more
fully explained.

Referring to FIG. 3 of the drawing, a perforated
partition 25 divides the interior of oven 10 to form a
cooking chamber 30 and a heating chamber 40. The
10 perfbrated partition 25, constructed of metallic or
other electrically conductive material having perfora-
tions with relatively small openings 254 equivalent to
more than about 40% and preferably less than about 60%
“"of the surface area of partition 25, is configured to
15 prevent passage of microwave energy from the cooking
chamber 30 into said air heating chamber 40.
Partition 25°has a central portion 25z and extremities
25b and 25¢ configured to encircle a portion of the
cooking chamber 30 such that heating chamber 40 is
20 spaced horizontally from cooking chamber 30. Heating
chamber 40 is in a back portion of the oven and has
legs 40b and 40c extending along opposite sides of the
cooking chamber 30. It should be appreciated that the
foraninous partition 25 extends around a majof portion
25 of the periphery of cooking chamber 30. As will be
hereinafter more fully explained, air is drawn along
multiple paths toward side walls 12 and 13 and toward
rear wall 11 from cooking chamber 30 to minimize
interference of spent air drawn through openings in

30 the partition 25 with air streams dispensed into the
d cooking chamber 30 through air dispensers 31a and 31b.
As best illustrated in Figure 3, opening 24)b is
. formed in top wall 15 adjacent the door 18 and is

positioned substantially eqﬁal distances between side
35 walls 12 and 13. Opening 24a extends through top wall



ai r di spensi ng appar at us; Figure 15 is a diagramuatic view

illustrating air flow during a first stage of the cooking process;
and 15 Figure 16 is a diagrammatic view simlar to

Figure 11 illustrating air flow during a second stage of the
cooki ng process. Figure 17 is a diagrammatic view simlar to
Figure 11 illustrating air flow through a particulate 20 f ood

product ; WO 96/39790 Figure 18 is a fragnentary el evati oRGFUST¥™5 5t a
portion of the partition between the cooking chanber and the air
condi tioni ng chanber; Figul® 19 is a cross-sectional view
taken al ong 25 line 19-19 of Figure 18; and Fi gure 20

o005 00 SR Ui pa aph VS KGR Gy © 10

t hr oughout the v23h age fpapitdensd genesrdlyngarablel to @gh other- in
the illustrated first embodiment.

The magnetrons 223 and 22b are mounted adjacent
5 side wall 13 of the oven, in the illustrated

embodiment, and deliver microwave energy through
horizontally disposed wave guides 23a and 23D,
extending perpendicular to the centerline 10c of the
oven, and through outlets 24a and 24b into the cooking

10 chamber 30. It should be appreciated that magnetrons
22a and 22b may be mounted in the rear of the oven or
one in the rear and one at a side of the oven.

Microwave energy traveling through a wave guide
""into a microwave cooking cavity tends to form hot

15 spots in the cooking chamber. Microwave ovens are
generally provided with a turntable to move the food
product or with a stirrer to move the hot spots around
the oven in an attempt to prevent over heating of
portions of the food product.

20 ’ Referring to FIG. 2, a plurality of horizontal
rails 26 and vertical bumpers 27 are provided to
support a pan P or wire grills (not shown) for food
products. Plastic tubing of for example about 30/1000
inch wall thickness on metal rods form a non-

25 conductive support to prevent arcing between the pans
and oven walls. It should be appreciated that ceranmic
materials or other non-conductive coatings could be
used to prevent arching.

Pans resting on the surface of insulated rails 26

30 need not be perfectly flat to prevent forming critical
gaps which would cause arcing. Rails 26 are supported
by rail legs 262 and 26b. The length of legs 26a and
26h controls spacing between the bottom of the pan P
and a bottom jet forming plaﬁe 62 and conseqguently the

35 intensity of heat transferred to the bottom of pan P.
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8 Description of Preferred Enbodi nents

Two enbodi nents of the inproved m crowave oven are illustrated in
the drawings. In the first enbodi nent of Figures 1-10,  an air
heati ng chanber 40 5 I s positioned behind a cooking chanmber 30. 1In

t he enbodi nent of Figures 11-17, the air heating

i s positi onXP YW t he cooki ng chanber. ﬁg}ﬁﬁpﬁ%ss .
controlled air is delivered into a duct, having a surface forned-
of mcrowave reflective 10 materiakl for dispensing a streamof air
fromthe duct I nto the cooking chanber. The duct is reciprocated
such that the mcrowave reflective surface on the duct reflects

and distributes ¥ dGndeusiEpgedi gmpadinent, the lengtm@fcRafPeled1s
As will be hereizexd taeia @Eheibubljuskableriey, rcﬂ:at:.ng a thraadedefobt

| ect t
rployed for healihy pagd Lneblaf! Literpity shreqdid HhNE gy /¢

enbodi nents, theP$hsdy and f“rtherphﬁaﬂbgsa¢ﬁﬂﬁt§§ﬁre5&ﬁ#p@é aG&sude french

fried 28 $DibI@s incC heekeaammggepScewlﬂaa:h@tmw*d li#xmt)d- may
w ches, bread aggg gkyggklng products Descri ption
of A First Enbodi nen A first embodiment of the oven is

illustrated in 25  Referpigng:r &8 Tigyref 2randirhwwihdgde drawing, air
Referring to Fl C&raula%madaapai—athe dgenerglly designated/ &y thehas a

noUE LTS, (07T Bhokally ) cbhprTUAE° moyes podls 19k AR, |
an opedPng 17 clmwl 11 andpp plepun WRLEAhedhat hashiiRpes 288 to the
front wall lower discharge openings 53 and 54 which extend
horizontally above and below a radial flow fan
impeller 55. A heating element 56 is mounted adjacent
""to or in the fan housing. While a radial flow fan is

15 illustrated in the preferred embodiment, it should be
appreciated that other impellers, such as axial flow
fans, may be'used, if it is deemed expedient to do so.

The discharge openings 53 and 54 are formed by a
plenum wall 51 extending generally parallel to rear

20 wall 1i. Plenum wall 51 has a generally vertically
extending central portion 51a and generally
horizontally extending upper and lower portions 51b
and Slgc, respectively. The central portion 5ia has an
opening 52 in which radial flow fan 55 is mounted.

25 A pair of generally circular tubular members 51id
extend outwardly from spaced openings in the upper
portion of the plenum wall and telescopically extend
into circular sleeves 34 formed on air dispensing
ducts 31a and 31b which oscillate about spaced axes

30 31x and 31y, as will be hereinafter more fully

s explained. :
Referring to Figures 4-8, each of the air
- dispensing ducts 31g and 31b comprises a body portion
32 having a tapered longitudinal cross-section formed
35 between spaced panels 32a, 32b, 32¢, 324, 32g and 32f

A



16. A mcrowave trap is formed around door 18 to prevent passage

of m crowave energy through space around t he door

Magnetrons 22a and 22b, best illustrated in FIG 35 3, are connected
to wave gui des 23a and 23b extendi ng WO 96/ 39790
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hori zontal | y_across:an upper portion of the oven. As best
illustrated VO3B 2 and 3 of the draw ng, openipﬂéuszﬁf’g?%d 24b
are formed in the top wall 15 of oven 10 through which m crowave
energy is radiated 5 into a cookind chanmber 30, as will be _
herei nafter nore fully expl ai ned. Referring to

FIG 3 of the drgauiigg ﬂi@?évfﬂ@tr@ilective suPfdddd. Obare1d Bhgesaighe
interior of oven 10 tO

oki n h er 30 and a heating
chanber 40. The 6% angu?a{i%fﬁﬂ%%ﬁ@&dpﬁpt???Bng2§‘%5 fled of metallic
or othéaxagenallshapqd(i@m@ueﬂicaoastsectdoﬁuﬂnlupeperfora-

tions with relati!§h¥t§ggga ényzalggatZSQ ggyé al gt teg'ore than
about 40% and préfera ess Y ° e lé(é°q;eﬂ?laéﬁrface area

of partition 25, P?tCSHXFﬁu?%RFﬁ9§¥E§11Y Shapﬁ?e%%ﬁﬁsiﬁﬁﬁﬁiﬁPﬁopaﬁiPFomave
energy fromthe ecploggd. Panels 3C@anindr32Q ontoppasitenigidesafng chanber

40. duct 31 are not parallel so that the duct is tapered
along its length. An end wall 32h closes the outer
end of the duct 31a.

10 Air dispensing ducts 31a and 31b are of
substantially identical construction and are
preferably interchangeable. Each duct 31 may be
formed of two pieces of flat sheet metal. A first

“piece is bent to form panels 323, 32b and 32f. A

15 second piece is bent to form panels 32g, 324 and 32e
and end wall 32h. After apertures 33 are formed in
panel 328, the two pieces are welded or otherwise

connected.
A fin 292, best illustrated in Figures 4, 5 and
20 7, is secured to panel 32a in-the illustrated

embodiment to reflect microwave. Additional fins 29p
and 29¢c on panel 32¢c and on panel §Zg also facilitate
stirring the microwave.
Panel 32d has a plurality of spaced apertures 33
25 formed therein and a flange or sleeve 34 on the inlet
end of the tapered duct 31 is configured to be
telescopically positioned in the tubular member 51d
which forms an outlet from plenum 53, as illustrated
in FIG. 2. The air dispensers 31la and 31b are
30 pivotally secured to tubular members 51d and outer
ends are pivptally supported by a pivot pin 34b
extending through an aperture in hanger 34a, as best
illustrated in Figure 2 of the drawing.
As illustrated in Figures 2 and 8 of the drawing,
35 air directing vanes 36 form a grid inside sleeves 34



Partition 25 has a central portion 25a and extrenities 25b and
25c configured to encircle a portion of the cooki ng chanber 30
such that heating chanber 40 is 20 spaced horizontally from cooking
chanmber 30. Heating chanmber 40 is in a back portion of the oven
and has | egs 40b and 40c extendi ng al ong opposite sides of the
cooki ng chanmber 30. It should be appreciated that the f or apgi nous
partition 25V@ReINM around a nmj or portion 25 of th%c¥g$¥?'€?; of .
cooki ng chanmber 30. As wll be herei nafter nore fully expl ai ned,-
air is drawn al ong mul tiple patBs toward side walls 12 and 13 and
t owar d rear wall 11 from cooking chanber 30 to mnim ze

o e, e e igunat Y ekl OBRYT Mot 7 one sneiBrper L o
ai r di spensers ©§182cin@f3two or more tapered Queks(31y|ustrated in Figure
3, opening 24b is shafts 35hoanadisy, tiweving | sistedfanmed ihendsor 18 and
(i1 17 an SN S SbEAlLY SlbRlndl LGRS P e 35
96/ 39790 oven 10 and are supported in beaximgso3fabsusl 35b',
10 B rigansadirditedoinopesl Ny, 240nands VeNE Qid debretddngnd
23b are positiQned 9L YelhaRBAGRkbClnd Os FEENI QT BEE L of shast 352
or 35b to form a gquick release coupling for removably
securing ducts 31a and 31b to the shafts 35a and 35b.
10 It should be readily apparent that this quick release
coupling facilitates removing ducts 31a and 31p for
cleaning and also provides a significant control of
the heat treatment of the food product.

15 If the oven is to be configured for jec
impingement heat transfer to the food product, ducts
31a and 31b are positioned to direct air streams
downwardly toward the bottom wall 14 of oven 10.
However, if the oven is to be configqured for

20 convection heat transfer, ducts 31a and 31b would be
rotated, for example 180 degrees from the illustrated
position, relative to shafts 35a and 35b to direct air
streams upwardly toward the top wall 15 of oven 10.

Air directing vanes 36 are configured to deliver

25 temperature controlled air intec the duct substantially
parallel to a longitudinal axis 31x or 31y of ducts
31a or 31h. Streams of air are directed transversely
of the axis 31x or 31y from each air dispensing duct
3la or 31b toward the food product or away from the

30 food product, depending on the mounting of the ducts
31a and 21b on shafts 35z and 35h. As the duct 31a
reciprocates about the axis 31x of pin 34b, which is

- parallel to the axis 31x of the duct, streams of air
formed by apertures 33 impingé on discrete areas on

35 the surface of the food product to transfer heat



the illustrated first enbodi nent. The magnetrons 22a and 22b
are nounted adjacent 5 side wall 13 of the oven, in the illustrated
enbodi ment, and deliver mcrowave energy through hori zontal |y

di sposed wave guides 23a and 23b, ext endi ng perpendi cular to the

centerline 10c of the oven, and through outlets 24a and 24b into

t he cooking 10 chanber 30. It should be appreciated trons
22a and 22b WaYB¥%hpunted in the rear of the oven or ﬁ&%sggﬁ%&fn t he

rear and one at a side of the oven. M crowave energy
traveling through a wave gui de i dfo a m crowave cooking cavity .
tends to formhot 15 spots in the cooking chanber. M crowave ovens

are _ O80halehy tReOX Hedevbhils dahdl I tHa M- fdtd TR tife floead
product or with a stirrer to nove the hot spots around - t he oven

in an attenpt td BFEt over heati ng of portions of the food
product. 20 As bReEsteillngtratedGin Ficquxesairkld tandf3 lod ithent al

rails 26 and vergji.Gal..ou a p [ et a pan P
or wire grills (#oa?as dvm‘%ig?%r g?‘%oéﬂd 378 s ﬁ&rﬁceﬁ so.n Fﬁha{:t | C t&Lbi ng of

roduc

for exafpl e abondpefoghatts 35a andn3fibyg 4 ‘f*ﬁ’&l&%sé“%ﬁ“??& an *88s form
a gon- 25 . st et 'gvnosurrpcat, ie poanertedirthrmndietammedtor pans |
and oven walls. Ji - .a gciat ' rials
or ot her non-coniuc glﬂl\(/}ely'atogﬁﬁqggécoﬁﬁdsggigahéegﬂn:ﬁ7§becfr{ OSh&fét\/égﬁtga

ar chi ng. and 35b. pAfsdiskt PRgYeRAEAS, SSRINREERH tinkd 7&d ARAI s 26
30 need nPipbenparicoscilibtbrizonptioento fehendigtay ixlixaind

gaps m@éch moulcgf@use arcing. Rails 26 are supported by rai

| egs 26a and 26b>"=The I ength of |egs 26a and 26b controls
spaci ng between the BBO®o foregpangpit should berpadidyt ARRITENL! or mi ng

plate 62 and congiepeiddar 3RE rdtates drivat @isik tys chhiwntidgansferred to
the bottom of p%@eé&procatinq motion through links 37a' and 37b' to
“disks 37a and 37b mounted on shafts 35a and 35b. Each
15 d..sk 37a and 37pb oscillates, as diagrammatically
illustrated in Figure 9, between opposite extremes of
a range of motion. Connector .links 37a' and 37b' are
preferably connected to disks 37a and 37b at locations
spaced ninety degrees apart such that ducts 31a and
20 . 31b oscillate as illustrated in Figure 10 of the
drawing.
Referring to FIG. 9 of the drawing, the sine wave
graph illustrates the oscillating motion of each duct
31a and 31b. At position "A" on the graph in FIG. 9
25 'finger 31z is positioned such that orifices 33 are
directly below the centerline or axis 31x and moving
at maximum velocity. At peoint "B", duct 31a has
rotated to the end of its cycle and has stopped
momentarily while it changes directions. At point "C"
30 duct 31a is moving in the cpposite direction from that
of point "A" at its maximum velocity. At point "D"
duct 31a has reached the other extreme of its range of
movenent and has stopped momentarily while it changes
direction. At point "E" duct 3la has returned to a
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11 In the illustrated enbodi nent, the I ength of each |eg

26a and 26b is adjustable by rotating a threaded foot t hat extends
into an internally threaded tubul ar |eg. O her and further height
adj usters, such as racks 5 slidable in vertically spaced notches :
(not shown), nmay be enpl oyed. Referring to Figures 2
and 3 of théW@P@MWﬂb circul ati ng appar at us, o35

desi gnated by the nuneral 50, conprises a bl ower housing, forned
bet ween 10 rear wall 11 and a plenuaswal | 51, that has upper and

| ower di scharge openings 53 and 54 which extend hori zontal |y

above and below a radial flowf g 1quIIer 55. A heailng el enent
56 is mounted adfe¥nicorresponding tg, Peint A sthersudith eIt a radi al
flow fan is 15 cyele oﬂldss&naaedonn the preferred enbodi nent, it-should be

appreci ated that oth Elgai aﬁgcglﬁswéﬁéqéoﬁﬁéﬁﬂed *o mgvglggns may be

used, if it is deene xpedli ent "t Q s¢har ge
openi ngs 53 and %MF%R%PW*i%ﬁeHeB?t&°nf each d“?ﬁeﬂﬂHﬁ@mﬁqVGSEQSQFQHHan
genérals$y paral e thersxnusaadal graphl b£181G6. RBRenum wall 51 has a

general ly vertlcally erring tgx%&edigg c§gg£z%?§ﬁ?3€éy1f§%§sagg general |y
hori zontal |y extendi n.{ci2 upper ower & s1c
respectively. THndchik'alargoPeEdfigngdngQ® apart relativepd® #§s52372 which

radial flow fan &id idis®W@TEGdthéSsecond air dfspending dqarstesall Yschaecul ar
tubul ar members Eg{kt "F" while the first air dispensing duct 31a is

10 at point "A". Thus, when duct 31la is moving at its
maximum velocity at point "A"™ duct 31b is momentarily
stopped and changing directions at point "F". When
duct 35a reaches point "B" where it momentarily stops

"to change directions, duct 35b is moving at its

15 maximum velocity through point "G".

When connector links 37a!' and 37b' are connected
90° apart on'disc 37a and 37b, the relative movenment
of ducts 31a and 31b is substantially as illustrated
in FIG. 10 of the drawing. By advancing one of the

20 connector links 3la' or 31h' relative to the other,
the point "F" in FIG. 10 can be advanced relative to
point "A" on the graph. Further, it should be readily
apparent that disc 37a and 37b may be replaced by
cranks or other suitable force transmitting

25 mechanisms. Further, connector links 37a' and 37b'
may be replaced by chains, timing belts or the like
for providing a driving force. 1In addition, each
shaft 35a and 35b may be driven by separate motors
{not shown).

30 If ducts 31a and 31b are rocked in synchronized
relation and in phase, as illustrated in Figure 9, at
two points in the cycle both ducts are completely
stopped which results in a deterioration of the
microwave distribution. When ducts 31a and 31b are

. 35 moved out of phase, an arrangement is provided that



extend outwardly from spaced openings in the upper portion of the

pl enum wal | and tel escopically extend into circul ar sleeves 34
formed on air dispensing ducts 3l1la and 31b which oscillate about
spaced axes 30 31x and 31y, as will be hereinafter nore fully

expl ai ned. Referring to Figures 4-8, each of the air

di spensing d and 31b conprises a body portion Vi ng a
t aper ed Iongy@%%Fﬁiﬂ cross-section formed 35 bet ween spaceﬁﬁwgﬁels
32a, 32b, 32c, 32d, 32e and 32f WD 96/ 39790

PCT/ US96/ 09535 16 12 ' havi ng .

m crowave reflective surfaces. Panels 32A-32f are angul arly

nlined to formedustoR@Vbs % ducts to Bekagansl shapedidil eyl
cross-section i

contenpl ated 5 reffec?ﬁ‘é? %‘H’E“g%d’r?@t’ﬂ éaF’F‘ygé‘ﬁ&ﬁealér%%Q y&tair&ns may be
enpl oyed. Panel asgechroniod? the opinsiwayvesifdeddofis being stimhent a¥l are

not parallel so g i‘t tiﬁ@sduofhézse tfé"ﬂoeq:ofmt in theaégage'%ﬁeéfm An ilnd

wal | 32h cl oses t

di spensiPng ductslﬂlé EﬂBaEI%P%FEPQﬁm°t1°“ 1“513§uS?P&h??a???mk?ﬁuﬁq'cal
construction and are It should lpe cippredintiedt €haltangeabtkan Haoh diatts 31 may

be 31 may be employed for delivering air into the cocking
chamber and driven such that the ducts oscillate in
other relationships relative to each other.

10 The positioning of oscillating air dispensers 31a
and 31p closely adjacent opposite sides of openings
243 and 24bp through which microwave energy is '
delivered into the cooking chamber 30 stirs the

‘"microwave as the air dispensing ducts oscillate.

15 Moving surfaces on the oscillating ducts 31a and 31b
also change constantly to diffuse standing waves of
reflected microwave energy in the cooking chamber.

Any hot spots formed by the microwave energy in the
cooking chamber are diffused by the oscillating ducts

20 as the air streams are swept through the cooking
chamber to provide more uniform heating by both the
microwave energy and the impinging air streams.

A lower tapered duct 60, best illustrated in
Figure 2, which is significantly wider than the upper

25 oscillating air dispensing ducts 31a and 31b delivers
air streams upwardly through openings 63 formed in a
plate 62 to impinge against the bottom of a pan P,
shown in dashed outline in FIG. 2, or a product
supported on a rack in the bottom of the oven.

30 From the foregoing it should be readily apparent
that the apparatus hereinbefore described for
transferring heat between temperature controlled air
and a food product has multiple air dispensers 31a and
31p. Oscillation of multiple ducts 31a and 31b

35 provides a more uniform sweeping action of air streams



formed of two pieces of flat sheet netal. A first pi ece i s bent

to formpanels 32a, 32b and 32f. A 15 second piece is bent to form
panel s 32c, 32d and 32e and end wall 32h. After apertures 33 are
formed in panel 32d, the two pieces are wel ded or otherw se
connect ed. A fin 29a, best illustrated in Figures 4, 5 and

20 7, Is secured to panel 32a in the illustrated

embodi nent Y@ %¥@¥P%ct ni crowave. Additional fins 29b PCTUSHMS9c on -
panel 32c and on panel 32e also facilitate stirring the .
m crowave. Panel 32d has a7lurality of spaced apertures 33
25 formed therein and a flange or sleeve 34 on the inlet

end of the tapered duct 31 is, confiqgured to be tele ically
positioned in t KBLERRFFFHe AR °°°k&“g champer FBPHSCEHE% et from
pl enum 53, as ihbqsppbismbd with a siinglel et2plake havidgsppestusessla and
31b* are 30 sgaééd0$é$$§ssﬁﬁé”éﬂ£ﬂf§ hidRkR" cFERREr S8oakdngnd outer

ends are pivotal upported by .a pivot, pi.n 34b ext endi ng t hrough
an aperture in f %55?934a'§h%smﬁe?tﬁe aupdlspFF‘FE§Fr 5eBALiPnAFi gure 2 of the

dr awi n® _ substantiagly |unifoxs slistanEegfrem 3. frdd8pobdudt imawi ng,
35 ai 1 dich@CELORING NEfantied WdMthedhie LRSedRsSheE REvad
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13 ' across the surface of the food product.

The foraminous partition 25 having a

configuration approximating that of the cooking

10 chamber forms foraminous walls 25a, 25b and 25¢ around
the food product for collecting any material which may
splatter during the cooking process. Further, the
foraminous walls 25a; 25b and 25¢ spaced from side
‘walls 12 and 13 and rear wall 11 form a generally

15 U-~shaped air heating chamber 40 around the cooking
chamber 30. Spent air flowing from the cooking
chamber is drawn through openings in the foraminous
side partition walls 25b and 25¢c and also through the
central rear foraminous partition wall 25a. Thus, it

20 should be readily apparent that air dispensed ‘into the
cooking chamber through the oscillating upper air
dispensing ducts will be drawn away from opposite
sides of the row of openings 33 formed in each air
dispensing duct 31la and 31b. This minimizes the

25 possibility that spent air will be drawn along a path
which will wash out air streams dispensed from the air
dispensing ducts.

Openings 33 in the upper air dispensing ducts 31ia
and 31p are preferably larger in diameter than the

30 openings 63 formed in the lower air dispensing duct
60. )

It has been observed that air delivered through
an orifice can be projected a distance about eight
times the diameter of the opéning before it loses its

35 integrity and significantlf diffuses. In a preferred



for distributing air along the |l ength of the interior of each of

two or nore tapered ducts 31. Shafts 35a and 35b, having
slots formed in ends t hereof , extend through openings in rear wal
11 of 5 oven 10 and are supported in bearings 35a and 35b',

as illustrated in FIG 3. One of the air directing vanes 36
extends into the slot in the end of shaft 35a or g%s
quhck.releas@“ﬁﬁ@ﬁppng for renovably . securing ducts a andﬁglb to
t he shafts 35a and 35b. 10 It should be readily apparent -that this
qgui ck rel ease coupling facilitaté8 renmoving ducts 31la and 31b f.or
cl eaning and al so provides a significant control of t he heat

treatnment of theeﬁﬂﬁﬁhﬁgﬁ¥“&¥3the %ﬁventxﬁ ogeﬂf Qsoﬁ%ptbi.hgg
I mpin product

configured for
duct s 3&ara%%§we5ﬁe aﬁ&s PFPSﬁ‘e'Elb%kSr oﬁ%axam eyt APOME one

downwar dl y towar iintheibaiismetsn! hnddthk apper léurfaca of thidowoedr, if t he

oven is to be copfi I ect sf er...ducts 3la
and 31b woul d be Bhbaiesd I, t%atré&gef prtides %éligg‘q(fe Zhes apd o
illustr&ted eight irghes girony &hat ﬂoverosvsmqess C'Eat:hﬁd 35b to direct

air st b8aNE1laPIRYy Ghictisowaadahlesigp wal | 15 of oven 10.
Air directing vanes 3 are co%f ur.eqd tgpde |ver rature

controlled air into t HIES FSntPa bUEE die psé)r'alﬁ eI
| ongi t udi nal axi 413¥RtHRtey emioddmens, are CONleHR%dth3Pmmlssﬁeans of air
are directed traagaeﬁsela/ lower pan sek-rhbe eahétﬁiéta ofl trler@i@nggch air

PSSO UL coppneins iR L b R i B8 1o
31a and 31b on shaf progidedind 36ismalderhopening$ies spaced clqsem procat es
about the axis Stbq@Engtledtb thdidltorhed in the ufth?ldi! didpefgiay s 31X
of the duct, str am; of
cts 31a and 31b. In a preferred embodiment, the
" "lower tapered Quct is provided with apertures 63
i5 having a diameter of for example one-half inch and are
positioned in a range between one and four inches of
the bottom of the pan P supporting the food product.
In the illustrated embodiment, the pan P
containing the food product doces not move relative to
20 the lower air dispensing duct 60.
In certain applications, if heat is not conducted
by the pan away from spots upon which the lower jets
impinge fast enough to provide substantially uniform
heating to the bottom of the food product, either the
25 lower duct 60 or the product support 26 may be moved
relative to the other for sweeping air streams across
the bottom surface of the pan P. If it is deemed
expedient to do so, oscillating ducts directing air
streams upwardly may replace the lower dispensing duct
30 60.
It should be readily apparent that the foraminous
partition 25a, plenum wall 51 and the air directing
vanes 36 inside each air dispensing duct 31a and 31b
create zones of differential.pressure throughout the
35 oven compartment for enhancing and controlling air



formed by apertures 33 inpinge on discrete areas on 35 t he surface of

the food product to transfer heat WO 96/ 39790
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the air streans and the surface of the food product .

As best illustrated in Figures 1,2 and 3 of the drawi ng, di.sks 37a
and 37b are nounted on the outer 5 ends of shafts 35a and 35b. A

di sk 38, noUMPAEEBHAL t he shaft of a motor 39, is c&GTAEPERPBhr ough
connect or links 37a'" and 37b' to disks 37a and 37b on shafts 35a .
and 35b. As disk 38 rotates, connector |ikks 37a' and 37b" inpart
oscillatory notion to the ducts 3la and 10 31b. From

t he foreg0|ng 0 re |y are motor .39 rotates
drive disk 38 E’ Hh%’é?ﬁérog% e’ eac'ﬁpﬁjbf&tc’l"ngaﬁogp h’?ﬁ?oﬁbﬁ li nks
37a' and 37b’ érOm the airdhextinychanbey7i30nenep&dngnashated a88a and 35b.
Each 15 : db&kpgzasﬁﬁg Srd QSTived: A afir Antd %ﬁ%ﬁﬁﬁﬁbkCQhEYlower

ot on. - Connect BRSARR.537andEE SBEREIAE SFUNSTE nlgn air prosefffact od o
di sks 3Fra and 3TheavanesaBfobs the upper anshdewer rdryddepessindpart such
that ducts 3la @uéts 31a and 31b and in the lower air dispensing duct

60 create a slight back pressure in each air

dispensing duct for maintaining substantiall§ uniform

air pressure-longitudinally of each air dispensing

10 duct even though openings 33 and 63 are formed in the
air dispensing ducts.

Since the foraminous partition 25 extends around
a substantial portion of the periphery of the cooking
“"chamber 30, air is drawn along multiple paths away

15 from the food product after the air streams impinge
against the surface of the food product and diffuse.
This allows the spent air to be'expeditiously removed
from the cooking chamber while minimizing diffusion of
the air streams before they impinge upon the surface

20 of the food product.

Further, the foraminous partition 25 is easily
removable from the cooking chamber 30 when door 18 is
opened for cleaning or replacement with a clean
foraminous partition.

25 The shape and configuration of the foraminous
partition 25 facilitates collection of splattered
material and its position in the stream of
recirculating air causes it to be maintained at a
temperature which is lower than the temperature of

30 other surfaces in the cooking chamber. It should be
readily apparent that spent air which impinges against
the surface of a cold food product will be‘at a lower
temperature when it passes through the foraminous
partition than air in the air stream which has been

35 heated by the heating elements 56 in the air heating



20 31b oscillate as illustrated in Figure 10 of the

drawi ng. Referring to FIG 9 of the drawi ng, the sine wave
graph illustrates the oscillating notion of each duct 3la and

31b. At position "A" on the graph'in FIG 9 25 finger 3la is

posi tioned such that orifices 33 are directly bel ow t he
centerline or_axis 31x and noving at maxi num vel ogj oi nt
"B", duct 31¥H¥EI0 rotated to the end of its cyclesghﬁgﬁégﬁgtopped
monentarily while it changes directions. At point "C' 30 duct 3la is.
noving in the opposite direction fromthat® of point "A" at its.
maxi num vel ocity. At point "D duct 3l1a has reached the other

extreme of its LARGGeRl 40 ‘ﬁd del éﬂqi!ﬁﬂ% itct d+BORRRt 4| Y

while it changes t1on. la has returned to
a 9€% dﬁepggﬁegggeucts 313 and 3 Airborne particles and

PCT/ UTS96/ 09535 smoke in the circulating air tends to bkbcollected om0|nt
corresponding t yQokBbiest LipEEckl PE9AHL dien which 1nCiHe? Of
ucts 3la an

oscillatio y B Wer e ‘Connected to nove in
synchrdﬁlzed r eliddugkratednhenhef ingnt re RositdanahfoF @asy to the

si nusoi dal | gripft?}r%ﬁnEhe- 9This prever;ts trarifaf [dﬂ&ﬂ:%o'i'n@ 10, Wn;en
connect or I NKS ' .OSI 1LOn er apar
relative to dis€ 5mlnants lnt° ghg g%rgE%P Tk & 75 gkr % ensi ng duct

31b i s at accunulation on surfaces which are difficult to clean..
As noted above, passages in the foraminous
10 partition 25 are configured to prevent the transfer of

microwave energy from the cooking chamber 30 into the
air heating chamber 40 which significantly reduces the
possibility of leakage of microwave energy through
‘openings in the air heating chamber through which fan

15 motor drive shafts, electrical conductors and the like
extend. _

Since microwave energy is contained in the
cooking chamber and isolated from the air heating
chamber, fresh air may be circulated through the air

20 - heating chamber 40 if it is deemed expedient to do so
for removing smoke and eliminating rancid odors.

The transfer of heat between temperature
controlled air and a food product is enhanced by
delivering temperature controlled air, substantially

25 parallel to an axis 31x in the embodiment of Figures 2
and 3 into the air dispensing duct because air is
uniformly distributed and air pressure is
substantially constant along the length of each duct.
This improves the efficiency of the air flow for

30 dispensing streams of air from the duct toward the
food product in a direction generally transverse of
axis 31x and generally perpendicular to the food
surface.

Reciprocation of the duct about axis 31x sweeps

35 the streams of air that impinge on discrete areas on



point "F' while the first air dispensing duct 3la is 10 at point

"A". Thus, when duct 31a is noving at its maxi mum vel ocity at
point "A" duct 31b is nonmentarily st opped and changi ng directions
at point "F". Wen duct 35a reaches point "B" where it
nmonentarily stops to change directions, duct 35b is noving at its
15 maxi mum vel ocity through point "G'. n nect or
| i nks. 37a' AYRI963¥M® are connected 90[err] apart &?T%gﬁm%% and
37b, the relative novenent of ducts 31a and 31b is substantially .
as illustrated in FIG 10 of théldraw ng. By advancing one of the
20 connector |inks 31a' or 31b' relative to the other, t he

point "F' in FI 1 e C | ' @' on the
gr aph. Further,g?F gﬁ%ﬁ?ﬁgﬂ%eﬂéggifﬁ%é(gfgd&éi E%%Sﬁ?eﬁPetﬁggeéP%c° 7a and
37b may be repl #8edfpgd product. cranks or other suitable force
transmtting 25 mechani snms. Further, connector |inks 37a' and 37b

may be replaced by chains, timng Qﬁuﬁﬁ ke for providing
a driving force. In addition, eack#gg&ﬁb gﬁ?k& 35a and 35b nmay be

driven Sy separate nBhersecond embodiment Hoe o¥gn, generally |f ducts
3la and 31b aredeaGadted ByNERéOMESFal 70, in Fig@kakl @1-20doentpBase, as

bt el SR cbprimes, gpasdd St Uy BaR B4, RohRgc
m crowave di strwaddi 36. avfed Brert wabl afil 3framtewsll 78 haspgnred out of
phase, an arrangeRis bpeRify Fedréhrdd therein which is opened or

10 closed by a docor 80. A microwave trap 81 is formed
around door 80 and is configured to prevent passage of
microwave energy through space between the periphery
of the door 80 and walls of the cabinet 70. Top wall

" 71 and bottom wall 73 close upper and lower ends of

15 oven 70. Each wall of the oven is preferably formed
by spaced metallic sheets and the space between the
sheets is filled with thermal insulation material.

A door actuator 82, secured to mounting bracket
82a, is connected through a link 84 to door 80 for

20 moving door 80 vertically relative to access opening
79. The door actuator 82 is preferably an electro-
mechanical actuator driven by a motor 82¢c or a
pneumatically actuated cylindef (not shown).

Referring to Figures 11 and 12 of the drawing,

25 the electro-magnetic radiation device generally
designated by the numeral 90 in the illustrated
embodiment comprise a pair of magnetrons 92 connected
to wave guides 93 formed in side walls 72 and 74 of
oven 70. The magnetrons 92 supply electro-magnetic

30 energy to wave guides which carry the energy to the
cocking chamber. Magnetrons 92 convert electrical
energy to electro~magnetic energy in the microwave
frequency spectrum. Waves of microwave energy are
similar to radio waves excep£ they are higher

35 frequency than radio waves and lower frequency than
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16 all ows one of the ducts to always be in notion. If

reflective surfaces 32a-32f on ducts 31la and 31b are asynchronous,
the mcrowave field is being stirred at all times. There is no
point in the cycle where there 5 Is a total lack of notion inside
cooki ng chanber 30. It shoul d be appreciated that nore than
two ducts  WO96RB975031 nay be enpl oyed for delivering air iPEBUMEIRBSOKI ng
chanber and driven such that the ducts oscillate in ot her

rel ati onships relative to each other. 10 22 The positioning of
oscillating air dispensers 3la and 31b cl osely adj acent opp05|te

si des of 0peni Nggraina, nga&awmsmmarmmecgn&syomeve energy s

delivered into the c cha er 30 stirs the crowave as the

air di spensing OGR#R yave g“lﬂﬁﬁ'%&)%ﬁ?*é%ésmaﬁnFﬁE°B§C|IIatlng
ducts 31la and 31%2 into the aduhdnghahgnbennszmmtly to di ffuse standing

waves of Q%$e£$FE§HPdE%QW@KeF§ gy {J%%aPQQKL@HgChéﬂ@er-

Any hot spots forped e mcrowave en ng
chanber Sare dif {8388 B%l}she"oﬁﬁdl T4t PRE GE’E‘P%dZ‘?Y spaced,sheREs 7425t 1 eans
are swept througanéh@4jgomid nipsulation matén!cmnr'l&co i esndéguped toi form

heating by both tBgn a gyie tule’s3"AKEIRRCY ol drie sk gaal

streans. pered |IIustrated in
Figure 2, which F§°§+§ﬁ§f¢%éﬁiﬁwgﬁﬁd§§ Fﬁbﬁt¥ﬁ%‘ﬂbﬁeﬂe£§lcal Plageci| | ating
air di spensing dgetat3dn @rnyle3lin @ckargesbetween 15° alna gsreanEnugnear dl y

bot Lomi8i a pan_ briusChaEa 'dudaipent, (thelife ¥ S (ERFRNEnR0G1P01 (N
pr oduct 45§upported on a rack in the bottomof the oven. 30
From the foregoing itTeecapsl lratioadoltynifpow€id radiant heathing ide
apparatus herei “QSR%&:Q&S&A&)%J ides and angles downwardly toward
"food 230 in an open top non-metallic container 218, as
15 shewn in Figure 15. Since the non-metallic container
218 and the food in the container do not reflect
microwaves significantly and since the space under the
container diffuses microwave which passes through or
by the container the beam from one wave guide is not
20 reflected directly into the other but is largely re-
tained in the heating chamber.

Since the container 218 is non-metallic, reflec-
tions from one wave guide 93 are not reflected into
the other to keep microwave in ﬁe chamber- 120 to

25 effectively heat the food 30.

The support for the open package is preferably
less than 25% reflective of the microwave.

A tube 103 is connected through a valve 103a to a
supply of water or steam and which may be used for

30 delivering an atomized spray of water or steam into
the air heating chamber 115 for controlling the
relative humidity and dew point of air circulated
through air heating chamber 115 and cooking chamber
120.



transferring heat between tenperature controlled air and a food

product has multiple air dispensers 3la and 31b. Gscillation of
mul tiple ducts 31 and 31b 35 provi des a nore unlforn1smeep|ng action
of air streans . WD 96/ 39790

PCT/ US96/ 09535 17 whi ch
project into the cooking chamber than could be "~ acco Iished wth
a single jetWR%B¥%avi ng apertures spaced acr ossPEHESUAPFF e

I ength of the cooking chanber. The nultiple air dispensers remain.
a b5 substantially uniform di stanc&3from a food product in

t he cooki ng chanber as the air streans are noved across the

havi ng a gonfigyration approxi mating t the cooklng 10
chamber fornms fFANNGus’ IF%rEB‘& 589 %Hﬂa%?“‘sar%ﬁi’rﬁfa 1y the food
product for col |cetiigna tedy byathe ahmebalhio®ycomprises a dylloserer during the

cookin rocess I I I 2pa, 25b and 25c
gp SS o802 BQ‘?rlng 130 nali% ﬁ%‘:ﬂﬁgr vval% %

spaced from side forma

general Py 15 dls°h35§ﬁaﬁ@&“&P9 H@étlnﬁsch%%%ﬁﬁriﬁF%u%ﬂuﬁiquésc&3k|ng
chanmber 30. Sperdndiyd,f bivweyg hoagihgeiopoksnin the form oftlaawbanties drawn

through Openirwﬁ%ﬂd1élﬁiéxﬂﬁagggﬂﬂﬁn 108 is formed adjacent the
discharge opening 106.

A radial flow fan impeller 110 draws air axially
10 through inlet opening 104 and discharges air radially
through plenum section 108 and discharge opening 106.
A heating element 112, having coils 113 of a
first stage and coils 114 of a second stage, is
mounted for heating air drawn into the blower housing
15 102.
As best illustrated in Figure 13 of the drawing,
the interior ‘of the oven cabinet 70 is divided by a
perforated plate 75 to form an air heating chamber 115
and a cooking chamber 120. Perforated plate 75 is
20 constructed of a metallic material and has
perforations 76a with relatively small openings
preferably equivalent to more than about 50% of the
surface area. The perforated metal plate 75 prevents
passage of microwave energy into the air heating
25 chamber 115.
The perforated plate 75 forms a splatter shield
on which airborne spoil accumulates. Referring to
Figures 18-20 of the drawing, perforated plate 75 is
preferably a single sheet of metallic material having
30 rows of slits 77 which extend longitudinally of the
sheet. Central portions. of the sheet are deflected
along lines 77a, 77k, 77¢ and 774, without removing
material from the sheet to form air passages through
the sheet. Between adjacent slits 77 sections of the
35 central portions of the sheet are deflected upwardly

surface of the food &rg@&tg&n to Figures 12, T{Be% q.rg} RSy gartltlon 25



side partition walls 25b and 25c and al so through the centra

rear foram nous partition wall 25a. Thus, it 20 shoul d be readily
apparent that air dispensed into the cooki ng chamber through the
oscillating upper air di spensing ducts will be drawn away from
opposite sides of the row of openings 33 fornmed in each air

di spensi ng duct 31a and 31b. This mnimzes the 25 ' sy that
spent. air wi ¥ awn along a path ' which will wash out air
streans di spensed fromthe air | spensi ng ducts.

Openings 33 in the upper air dlspen5|ng ducts 3la and 31b are
preferably larger in dianmeter than the 30 openings 63 fornmed in the

| ower air di sperss m@réUuapwardly extending ridges 753, by bendiag then
observed that ai e h | proj ect ed
ﬂéfgyla& %ignﬁ %9“%9 77% 7%& 7fg1dya'%7g?be?@rgﬁ

a di stance about eig thé openin e |t Ioses

its 35 |tﬂ%ﬁﬁﬂﬁﬂ$saﬁa EhenPReERNRTS RFYected to £
WO 96/ 39790 extending ribs 75b by bending the ﬂﬂ%ﬁkUSﬁﬁbQ&&&&rdly

18 gggqﬁfggﬁd éﬁhgg 59¥e9§aon openings 33-in the upper

air dls%ensers =exafpl e, about one inch in
di ameter and the uppéﬂh%’ulaﬁaééebfi spgmente 753 and 75Iyafdsdests 78n a range

bet ween about tvgrd gdtaected in opposite directions air passages 7Sg
' are formed in the sheet.
The perforated partition 75 constructed of
10 metallic material and due to its geometric
configuration forms a barrier which prevents passage
of microwave energy into the air heating chamber 115.
This significantly contributes to reducing the
propagation of microwave energy through passages
15 formed in the wall of the air heating chamber through
which fan drive shafts, electrical conductoré, steam
injectors, and ventilation ducts are mounted.

Further, the perforated sheet 75 significantly
aids in removing grease and other particulate material

20 from the recirculating air and is preferably'mounted
for easy removal for cleaning.

In heavy duty food service ovens, cleaning is a
ﬁajor consideration.

Sheets of the same perforated material are

25 preferably mounted to form removal splatter shields
75g adjacent opposite sides of the food product to
form an oven liner which is easily removable for
cleaning. So0il collector pans or trays 165 extend
around the food product to catch any food particles

30 which may be dislodged from the cooking container
during the cooking process.

A coating or layer 754 of non-conductive
insulator material is applied to at least one surface
of the perforated sheet 75. If it is deemed expedient

35 to do so, only top surfaces of deflected portions 75a



5 ei ght inches fromthe | ower surfaces of the oscillating

ducts 3la and 31b. Openings formed in the | ower duct 60, in
t he il lustrated enbodi nent, are configured to inpinge

agai nst a | ower pan surface constructed of thermally 10 conduct ed
material. Thus, the |ower tapered duct 60 IS provided with
smal | er openj spaced cl oser together than t din

t he upper awggéﬂsi ng ducts 3la and 31b. 1In a pre?yfer%%g
enbodi ment, the | ower tapered dg t is provided with apertures 63 -
15 . having a dianeter of for exanpl € one-half inch and are

positioned in a range between one and four inches of the bottom
of the pan P suppetieary td1a NandsP7o%uahd 'ng may be coated Wit illustrated

erative to oo LRBulator, nasertad”Refpsliak i o g Meind Whalltln )7
certain applicatfensaces afemeriforatedcshdett 88 and a metalliq [Raman avvay

from spots upon whigdcéhe Iomer jets i mpi nge fast enough to .
provi de_substantial |y, unifo m of the food

ting to th
product > either the 1crouave CRRETYa 3% aGSrBFgFﬂﬁyp‘?gdﬁ'c{gcgupport 26 nay
be noved megakents: kends (tee agchahehokwovmepahgswrfaces eans acr 0ss

the bottom surfaggy PI:aél'i'eeiZﬁf‘ d%hérf ael al io@eﬁﬂsge. 'rhe arcﬁii;oﬁ‘-fﬂ nt to do
so, oscillating du%ts dir ng .a Strea upwar d repl ace
the | ower di spenSP ?953 extifg eHgray, it can catise §1§ﬁﬁnﬂQi readily

apparent that thprbéuehsrﬂnﬁ;can pit thepaetailsnrQSQgsplenun1ma|I 51 and

the ainpgdirecting Heretofd@”'esapg%y:c grr%'egsreaiglﬁ' éoﬁﬁﬂ’%‘ Gaduct 3la

nti al ressure hout the 35

and 31b ones of
oven conpartnentmfg?fghﬁa F It PESEYERS PFRGDY Ras resulted in the

porcelain coating tending to chip and crack when the
flat sheet of metal is deflected. However, the
"perforated sheet 75 having portions 75a and 75b

15 deflected ocutwardly in opposite directions from a
central planar portion 75p is relatively stiff which
significantly reduces the tendency of the ceramic
coating 75d to crack or chip. Coatings of other
materials such as fluorocarbon resins and fluorine

20 plastics, including tetrafluroethylene (Teflon®) may
be used. ‘

As best illustrated in Figure 13 of the drawing,
the first stage of coils 113 is mounted in air heating
chamber 115 cutside of the blower housing 102 while

25 the second stage of coils 114 is mounted inside blower
housing 102. Terminals 112a and 112p of heating
element 112 are connectable to a suitable source of

electricity.
As illustrated in Figure 14 of the drawing, a
30 mounting plate 116 having a notch 117 formed in the

g periphery thereof and a -central opening 118 is bolted
’ or otherwise secured to blower housing 102 for
supporting heating element 112. Plate 116 is formed
in two parts which are connectable along a part line
35 119,
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19 fl ow therethrough. The radial flow fan 55 draws air
fromthe air heating chanber 30 creating an area of | ow pressure
and delivers air into the upper and | ower pl enuns 53 and 54
creating areas of high air pressure. 5 The vanes 36 in the upper
and | ower air_dispensing ducts 3la and 31b and in Loair
di spensi ng ddﬂ?’“ﬁnﬂ} 60 create a slight back pressure F%B§§%ﬁmgﬁr

di spensi ng duct for maintaining substantiﬁlly uni form air
pressure-longitudinally of each air dispe §ing 10 duct even though
openings 33 and 63 are forned in the air di spensing ducts.

Si nce theffo[1 ani n0_ushmriiifdsura%de&hepdguaéomnmlower 110 igam&u_h&hant idal
portion of the peri J 0 C I a s drawn
along multiple p§§h£ %éésﬁ)ﬁégga(ag_E#Sgﬁptﬁ%r?%%% %r%§ﬁ§§3¥§f3%% Pkesair

streans inpi nge mOtor 110a. against the surface of the food product and
di ffuse. Tob 18! d0VS HfigaSBRRGelhbat OndCafamitt hicduske renmoved

fromthe cooking cha r ile mnimzing,.dif I op .0 . the air
streansgbefore ?ﬂgvngggiﬁ%guﬂbéﬁHPW§ §ﬁFgé8§ £§€ of bI°Yﬁr1hﬂ§sF886 pr oduct .
Further, the foraf®nand pesitidred 2&chs thasi ayr delivered magiialdyl e from
the cooking chanpgpn3019her O0Prislfidated immediate PR Yo HledRGi N OF

repl acenent with_a_cl ean . foram nous partition._ 2
The shape and cofiftyuFEeEdo ?“qqugﬁﬁﬁgﬁﬁﬁﬁoﬁgengng e ﬁ&éFgFPﬁgnbES
facilitates col | zeaddhyoéppaptant dthat only coils 109 may be activated

10 while coils 113 and 114 are idle, if it is deemed
expedient to do so depending upon the heating require-
ments of a particular food product.

An air dispensing duct generally designated by
‘“"the numeral 125 is secured to plenum 108 for receiving

15 air from discharge opening 106.

As best illustrated in Figures 13 and 14 of the
drawing, air dispensing apparatus 125 comprises a
tapered duct formed by a perforated plate 126 having
an array of passages formed therein which communicate

20 . with tubes 128. A front wall 130 and a rear wall 132
extend upwardly from the perforated plate 126 and are
connected between side walls 134 and 136. An inclined
top wall 138 extends between front wall 130 and a
flange 140 encircling the lower end of plenum 108 and

25 enclosing the discharge opening 106 from the blower

‘ housing 102.

As illustrated in Figure 13 of the drawing, air
directing vanes 143 extend between side walls 134 and
136 of the tapered duct 125 for distributing air along

30 the length of the interior 144a of the tapered duct
125. Air directing vanes 143 are configured to
deliver temperature controlled air into the duct
substantially parallel to a longitudinal axis 125a of
duct. Streams 128a and 128b of air are directed

35 transversely of the axis 125a from said duct toward



material and its position in the stream of recirculating air
causes it to be nmaintained at a tenperature which is | ower than
the tenperature of 30 ot her surfaces in the cooking chamber. It
shoul d be readily apparent that spent air which inpinges against -

the surface of a cold food product will beat a | ower tenperature when it

passes through the forani nous partition than air_J L r
st ream whi ciW8&3%Wen 35 heat ed by the heating el ene%#@”%gﬁgls%t he

air heating WD 96/ 39790
PCT/ US96/ 09535 27 20 chamber
40 and delivered through the plenumto the air di spensi ng ducts

31 d 31b. A pardl el 85 and ' i i -
teﬁdgnto be col{ec g%’onr‘;rléa ;hé“bSgﬁeg?é§3§§§%§§£?§t§%Qﬁﬁégﬁ'Qﬁighrin
the 5 i 11 it WG Ah@H® dhe pEBitRohEPrERL 2RO the -

cl eani ng Thi s gy aRsa tofandferduift aistieans 1283 and rp8baof i s i nto
the air heating syggg ‘ acgu aLj r ich are
difficult to clegﬂ. é%)nyérEtikgﬁﬁgfeggagg%e%hggggggég ?ﬁQSﬁgﬂp

foram nBus 10 Prodymh t3Q i%h tunangfec bgptghrEdeen BRevasf SReedBsansfer of

m crowave ener gyafd GiRé anaemdd rf alaiteod3proatect fe. air heating
chanber 40 whi ch Sigﬂ%ﬁé(§¥¥|3&§£¥§£¥§% Eg%aratus 125 is pivotally
' secured to duct plenum 108 by a pivot pin 142 exten-
ding through aligned apertures 144 in flange 140.
10 Pivot pin 142 extends into an opening 145 formed in
lug 146 on shaft 148 which extends into an aperture
149 on a link 150. Link 150 has an elongated slot 152

formed therein into which a pin 154 on crank 155 ex-
" "tends.

15 ' Crank arm 155 has an aperture which receives a
drive shaft 158 driven by motor 160 through a gear
reducer 1l61. -

A radial blower 110 discharges its highest ve-
locity air from the outer portion of the wvolute down-

20 wardly through shaped openings in tubes 128 to impinge
upon a narrow food product 30 in the open top contain-
er 18.

The air dispensing duct 125 is moved relative to
the product 230 to give uniform coverage by the air
25 streams. As best illustrated in Figures 11 and 12,
the end walls 222 and 223 of the container 218 cause a
portion of the air stream to be deflected to heat the
sides and bottom 231 of product 230 in the container.
The movement applies the air streams near one side of
30 the container adjacent end wall 222 and then to the
\ other side adjacent end wall 223 so that parts of the
air streams are alternately applied to opposite ex-
posed sides of the product 230 and are caused to
alternate the lateral flow thrcugh loose stacks of
35 food products 230 such as curled or random lengths of



possibility of |eakage of m crowave energy through openings in the

air heating chanber through which fan 15 not or drive shafts,

el ectrical conductors and the |ike ext end. Si nce
m crowave energy is contained in the cooki ng chanber and isol ated
fromthe air heating chanber, fresh air may be circul ated through
the air 20 heating chanber 40 if it is deened expedi o]

for removi ngWOMRE?nd el im nating rancid odors. %fﬁﬁf’ﬂ%sé
transfer of heat between tenperature controlled air and a food
product is enhanced by del i veri &P tenperature controlled air, .
substantially 25 parallel to an axis 31x in the enbodi nent of .
Figures 2. trenBRledibdfoddodl! HhiRATtaIndLELy DREELSR At | S
uniformy distributed and alr pressure is substanti ally const ant

al ong the | engt h f3P¥eiBKoughtpaths 228 betpgen SHEPBTESTiR® 245 RASHARS) of
the air flow for u3der and héatPetise Npwdy edd@e ebilavf {rpegilerDpct toward

t he fo rad ' L Lectd ener al l; se of
axis 31x and gen%&?&ﬁ% g%%%gﬁﬁgpu %ﬁe%%;qﬁé§ﬁygqghk¥xgﬁa£§¥€%hrface.
Reci prodati on of the GhetchfectivanesssBE SheeFideyays air Reating @fs of

air that inpinge 1owedi SUEEaCed 286 &dn be enhanced by ¥(HO62397EH pro-

PCT/ US36/ 09535 vide air passages under flat products?1

. Further, the'moving air dispensing appératus 125

provides moving reflective surfaces which serve as

10 stirrers to help distribute the microwave energy in
the cooking chamber 120.

The combination of extended orifices through
tubes 128, and the open top container 18 provides air
‘escape path 129 while bringing the orifice to an opti-

15 mum distance from the product 230. It should be noted
that upper edges of the sides 220 and 221 and ends 222
and 223 of container 218 extend above the height of
the contained product 230 to enhance air flow between
the lower surface 231 of the product 230 and the

20 bottom 224 of container 218.

As illustrated in Figure 12 of the drawing,
streams of air dispensed from air dispensing duct 125
through hollow air dispensing tubes 128 impinge upon
the upper surface of a food product 230 in container

25 218. The spent air travels through space 129 between
tubes 128, as illustrated in Figures 12 and 13 of the
drawing. Spent air travels upwardly adjacent baffles
75s and is drawn upwardly through passages 75c¢ formed
in the perforated plate 75. _

30 Soil collector pans 165 are preferably removably
mounted and are maintaimed at a temperature which is
less than the temperature of any other surface in the
oven 70 for causing very fine smoke-type particles in
the moving air to be collected on the coldest surface

35 in the recirculating path. To assure that the soil



the surface of the food product across the surface of t he food

pr oduct . SECOND EMBODI MENT 5 The
second enbodi nent of the oven, generally desi gnated by the nunera
70, in Figures 11-20 of the drawi ng, conprises spaced side walls
72 and 74, a back wall 76 and a front wall 78. Front wall 78 has

an access opening 79 formed therein which is opene
cl osed by a¥88¢3¥B® A microwave trap 81 is forned %r%gpé%sgs door

80 and is configured to prevent passage of m crowave ener gy
t hrough space between the periphery 29 of the door 80 and walls of
the cabinet 70. Top wall 71 and bottomwal | 73 close upper and

| over ends of 1%%llect1091\/$gntgg FSEQIF% e e{ Coie? eﬁrg{‘.ﬁé?bl y

f or med I c sheets an e space
sheets is fill e&%ftai?etshéf‘nﬁl"ef‘n%b ERSPIRE MY be exP°5"=d to out=-A door

actuvator 82, semiidd dixr BRubhteg Bo6TkeF to facilitatdicollieetfifiget ed
through a link 84t o%ocio%o%O:LeréQir 1“[#6)3& door 80 vertically
00

rel ative to access ope " actuator 82 is preferably
an el ec¥ro- fnﬁ&‘ﬁaﬁf-"éél Pﬁ@?%’f-o?:‘%ﬁl%r@lﬁy CONYBLHLT82E or a

pneunatical |y acitsilped crylsilides 6popast@®Potatces or other pRetgen+ng to
Foures 11 and 12 0f JfiS.3 09 2hon ceroad N SHOHIRARSHLE L0 ol f 00

devi ce general ly ﬁg e nunera ustrated
enbodi ment corrpr‘?*é"é’%*bé—ﬂe §1‘=a gﬁemamum Buheah dransfer relationave

gui des 93 forﬁedwitfh e siichee7dratile /diddtes of the fdé\ae@,rzauci’hg i oh
NSt 4405 oz, SuPPlY £ PTG 03l 4o g aEF LAY SHbSEE VO
el ectrical nated dnethe nynerast Zbﬁagmeﬁi@mﬂgy and flReofi thewave
frequency spect rafawindfVvesroldigbehsiay Caeter s AL preferably rocked
causing air streams 128a and 128b to'move across the
""surface of the food product between lateral edges
15 thereof such that regions of controlled air pressure
are alternately formed adjacent opposite sides of the
product 230 such that temperature controlled air flows
through passage 228 between the lower surface 231 of
the food product and the upper surface 225g of the
20 bottom 224 of ccntalner 218.

After the surface of the food product 30 has been
heated by air streams 128a and 128b, the recirculating
air tends to limit localized heating of the product by
microwave energy delivered by magnetrons 92. Tips and

25 thin areas of the product that are rapidly heated by
the microwave energy may actually dissipate heat to
" air in streams 128a and 128b to provide cooling to
certain portions of the food product.
After the food product 30 in container 18 has
30 been sufficiently heated, air flow through the air
' circulating apparatus 100 is terminated and magnetrons
92 are turned off.

It should appreciated that other and further

embodiments of the invention may be devised without



simlar to radi o waves except they are higher 35 frequency than

radi o waves and | ower frequency than WO 96/ 39790

PCT/ US96/ 09535 22 ordi nary
| i ght waves. The m crowave energy is channel ed t hrough wave gui des
93 from the nmagnetrons 92 into the cooking chanmber 120.

As ill ustrate@d&ag gure 12 of the drawing, the 5 side walls 72 and
74 are formed by 'S Red sheets 74a and 74b and i nsBEHV$EAS35
material 74c is configured to forma guide tube 93 having a | ower
end 94 which is inclined at an a#Ble 95 relative to a verti cal '
pl ane 96 at an angle in a range between 15 and 75[err]. In the ‘10
illustrated enmbodieparinkherand 95,1 i mat el 45[ err].
The application oﬁf:yrl%r oglave ra%li%gniép ée%‘?%é)i)gé&e of the aePepeedd from
two sides and ang dwnwar dly toward food 230 in an open top
non-netal lic container 218, as 15 shown in Figure 15. Since the
non-netal | i c contai ner 218 and the food in the contai ner do not
refl ect m crowaves significantly and since the space under the
cont ai ner diffuses m crowave whi ch passes through or | by the
contai ner the beam from one wave guide i s not :



20 reflected directly into the other but is largely re-

tained in the heating chanber. Since the container 218 is
non-netallic, reflec- tions fromone wave gui de 93 are not
reflected into the other to keep microwave in the chamber 120 to
25 effectively heat the food 30. : The support for the
open packa erably | ess than 25% reflecti

nPcroaave I Sl A tube 10[err] is connected throdéﬁ‘a Vg Ve 103a
to a supply of water or steam whi ch may be used for 30
delivering an atom zed spray of water or STeaminto the air
heating chanber 115 for controlling the relative humdity and dew
point of air circul ated t hr ougbafs heati?g chanber 115 and
cooki ng chanber 6

PCT/ US96/ 09535 1. A &gghod for transferrfﬁg'% a%BLé%ween

Referring to Fi FEMPErasurescantrokled aire and a fooddpawidWet 4hracircul ating
appar at us gener aldoking chambegi€$hJa ah Bk dijavie vaH R ﬁHﬂlﬂ%Q”prlses a

' . .havin n_Jj.nl et openi 4 and

3!ggﬁ;rge openlngOnggglkgglpgugﬁgggzﬁﬁqﬁFIﬁgﬁ%§§;¥%9 and 14,

bl ower Housi ng E®Pstantiadiy paraldel stydnutaxis into a duct having a
surface formed of microwave reflective material;

dispensing a stream of air from said duct into
the cooking chamber in a direction generally
transverse to said axis; and
10 _ reciprocating said duct about said axis such that

said microwave reflective surface on said duct
reflects and distributes microwave energy in the
cooking chamber.

2. A method of transferring heat according to )
Claim 1, the'step of delivering temperature controlled
air substantially parallel to an axis into a duct
comprising the steps of:
5 delivering air through an array of air directing

vanes for distributing air along the length of the
interior of the duct.

3. A method of transferring heat according to
Claim 1, the step of delivering ‘temperature controlled .
air substantially parallel to an axis into a duct
comprising the steps of:
5 delivering air through a tubular member; and
' mounting said duct for reciprocal movement about
said tubular member.

OO



and a pl enum section 108 is forned adjacent the di scharge openi ng
106. Aradial flowfan inpeller 110 draws air axially 10

t hrough inlet opening 104 and discharges air radially t hr ough

pl enum section 108 and di scharge openi ng 106. A heating

el emrent 112, having coils 113 of a first stage and coils 114 of a

second st age nmounted for heating air drawn i ntl,?_:.l. r
housi ng 15 WO96/3T6§ _ As best illustrated in |él%r§6e/wf?\§f t he .
dr awi ng, the interior of the oven cabinet 70 is divided by a

perforated plate 75 to forman air heati nﬁzchanber 115 and a
cooki ng chanber 120. Perforated plate 75 is 20 constructed of a
nmetallic material and has perforations 76a with relatively small
openi ngs . pref erabl ent_j o nore.than b ut_50% of the
surface area. The pe %ﬁ y%ﬁ‘?mm% 98 passage of
m cr owave energwm@m%ppnhealh@ @& and thehdivedr preguct

The perforated Fﬂc‘&&dﬂ%gf Qb”&léxﬁpiatﬁﬁé §ilé |k deliver:.n on which airborne
spoi |l accunul ates. Ref

- ur es dr awi ng,
perforated pl at FeRPER ure %c’ngr"b?'%? e?ja’E)I ag'lghﬁéfaw hetllic
mat eri a§ havi ng &30 axis intowa dﬁc'slcampﬂ:?smq (ﬂheaﬂhapa bfmngi tudi nal ly of

t he sheet . %_'hgj SBQH:' Q{'f sﬁi\?in%?foﬁﬁﬁpﬁﬁ&éﬂ&ﬁ@dof

along lines 77a, 77b, 77 out erial from

the sheet to foriad St5eam, g8sthe Sﬂ% product al%ai’hééf' reEttRen

adj acent slits pattecti ons of the 35 central portions of the sheet
are deflected upwardly,sirioning a foraminous member having passages
10 formed therein such that said spent air flows through

passages in said foraminous member, said foraminous
member being configqured such that airborne particles
"in said spent air are retained by said. foraminous
member. '

5. A methed of transferring heat according to
Claim 4, said foraminous member being formed to
prevent passage of microwave energy along said return
path past said foraminous member.
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24 to formupwardly extendi ng ridges 75a, by bending the
material along lines 77a, 77b, 77c and 77d. O her segnents of the
sheet are deflected to form downwardly extending ribs 75b by
bendi ng the material downwardly 5 along fold lines 77a-77d.

When adj acent segnents 75a and 75b of sheet 75 are I n
opposite di re@eeHE ai r passages 75c are forned inpé$a§§¥$£$

The perforated partition 75 constructed of 10 netallic material and
due to its geonetric configurat®dn forms a barrier which prevents
passage of m crowave energy into the air heating chanber. 115.
This significantly contributes to reducing the pr opagat i on of

m crowave energy through passages 15 formed in the-wall of the air

heating chanber thro@gh Apparatus fipk chrédnsfenying Jtrat Petsteeptri cal

conduct ors, ste%@hperature cbﬂtﬁél!?é& afs?daﬂ&rﬁ'f&éd QP dliekes iar @ munt ed.
Furt her, t he perf.orated s |cant y aids in renoving

gr ease and otheP1§§PFP33I3v§“nﬁ?ﬂFFg fromthe recirculating air
and is preferably nogplesim means having easylrenemuunfqpenﬂnsaning.

In heawy duty food serihee RA48AS oﬁ'@ﬁi‘anﬁléﬁuﬂ means havin@Pa0l
consi derati on. Sheets of the sane perforated material are 25

preferably nounf8®H8Y 8%+fenoval splatter shiel ds 75s adj acent
opposite sides of thenf eddngrtddc@uctd having nictovaverrefilectiveer which is

easily renmovabl i Qaces and- havih§28hN@ntrhte C%éﬁfﬂé’raﬂ@% atherys 165
ext end opening;
10 means supporting said duct for reciprocal
movement about said axis; and
coupler means for placing said éntrance opening
in said duct in fluid communication with said outlet
means on said plenum means such that air is delivered
15 from said plenum means into said duct and such that
said microwave reflective surfaces provide uniform
energy distribution of microwave energy within the
cooking chamber and consistent heating of a food
product in the cocking chamber.

7. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 6, said elongated duct having a
microwave reflective fin which rotates abhout said

5 axis.

8. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 6, said elongated duct having
nicrowave reflective angularly inclined surfaces.

UL



around the food product to catch any food particles 30 whi ch may be

di sl odged from the cooki ng contai ner during the cooking process.
A coating or layer 75d of non-conductive i nsul ator material is
applied to at | east one surface of the perforated sheet 75. If it
I's deened expedient 35 to do so, only top surfaces of deflected
portions 75a WO 96/ 39790

PCT/ US96/ 0953¥0 96739790 25 PCT/USI6FEB e en
fold lines 77b and 77d may be coated with insulator material to
prevent m crowave arcing between 3gurfaces of perforated sheet 75
and a netallic pan surface. 5 M crowave energy at a
frequency of 2,450 nmegahertz tends to arc when two netal surfaces
approach each other at a | ow angle. The arcing not only wastes

heating energy, .it cln CARpAFXItumeLom tiepsferring heatchetweamd can pit

the netal SUffaCQémp&Pature controll"é@' alief 2h8. aaf&l)d'ﬁkgodi%@a ai n coatings
to fl at eets to r ent aradgggoas resulted n the

por cel ai n coatin@cfgﬁéh?E;?Q)?§ﬂ éhd khend nof a °PFat sheet
of metal is defl etbongatédvbyet having microwavepreefdectinde sherefacds havi ng

portiong 75a andafabhaving an entrance opening and an outlet opening,

. said coupler means moving said ducts such that said
nicrowave reflective surfaces on each of said ducts
move at different periodic phases at the same pericdic
frequencies such that one duct is in the middle of its

10 range of movement when the other duct approaches an
end of its range of movement to distribute microwave
energy within the cooking chamber.

10. Apparatus for transferring heat between
temperature controlled air and a food product
according to’'Claim 9, each of said elongated ducts

having a microwave reflective fin which rotates about
s : said axis.

11. Apparatus for transferring'heat between
temperature controlled air and a food product
according to Claim 6, said coupler means for placing

. said entrance opening in said duct in fluid

5 communication with said outlet means on said plenum
means such that air is delivered from said plenum
means into said duct and such that said microwave
reflective surfaces provide uniform energy
distribution of microwave energy within the cocking

10 chamber and consistent heating of a food product in
the cooking chamber comprising: means directing said
stream of air in a direction such that it does not
impinge upon the foocd product.

L



15 defl ected outwardly in opposite directions froma
central planar portion 75p is relatively stiff which

significantly reduces the tendency of the ceramc coating 75d to
crack or chip. Coatings of other materials such as fluorocarbon
resins and fluorine 20 pl astics, including tetrafl uroethyl ene
(Teflon[err] be used. As best ted in
Figure 13 oﬂ£?ﬁ%¥ﬂﬂhmnng, the first stage of CO|I§&&%§aﬁé&nounted
in air heating chanmber 115 outside of the bl ower housing 102
while 25 t he second stage of coil 5114 is nounted inside bl ower
housing 102. Termnals 112a and 112b of heating el emrent 112 are
connectable to a suitable source of electricity.

As illustrated in Fi ure 14 of t he drayin i ng plate 116
having a notch 117 f Tafus for raggﬁ%??%h%rrﬁﬁi%g)%ﬁegnd a central
opening 118 is bexhperlature controdrledt hérwasd seforddpragystower housi ng 102

for S&Eﬁ&f&i A e 1% & Ve éﬂz a&’é?’éfoxﬂc@f-' s;ﬁs%qe@a
in two parts mhlc are tonnect e 'al ong R In

WO 96/ 39790 bumper pins in said cookihg c ambepf9 qﬁgﬂﬁ¥ﬁ*§§§ng a
26 8 pan in spaced relation from walls of said cooking

chamber.

13. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 6, said coupler means comprising:
sleeve means configured to telescopically receive a

5 portion of said outlet means.

1l4. Apparatus for transferring heat between
temperature controlled air and a food product
according to ‘Claim 6, said coupler means comprising:
means delivering air through said entrance opening in

5 a direction substantially parallel to said axis about
which said duct reciprocates. ‘

15. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 8, said outlet opening in said duct
being configured to dispense a stream of air to

5 impinge against the surface of a food preduct.

| (O



As illustrated in Figure 3, blower 110 is nounted on a shaft which
I's driven through a coupling 111 by a not or 110a.

Coils of a third stage heating elenment 109 are 5 nounted in the

pl enum secti on 108 of bl ower housing 102 and positioned 'such that
air delivered radially fromblower 110 is heated i medi ately prior
to being l'ivered through di scharge opening 106. be
readily appawgr?fls?ﬂgt only coils 109 may be activated 10 i’éTlﬁm}d%%s coils
113 and 114 are idle, if it is deened expedi ent to do so dependi ng
upon the heating require- ments Bt a particular food product.

An air dispensing duct generally designated by the nuneral 125 is
secured to plenum 108 for receiving 15 air fron1discharge openi ng

106. S |IIustr ted in Ei es d 14 of the
drawi ng, air di spensﬁg iﬁ%’éﬁ gﬁ 855' néa€Seed Y§%her ed duct

formed by a pertemaeedtmtequdﬁibltadrq}r and a foodnpmedugt of passages

formed therein yhio6ha CASME @Al %), with t‘ﬂlat Edayb.@anla@ A front wall 130
and a rear wall 132 . extend {; ﬂﬁ&P% ron1tg orate | ate 126
S

and . are coRnET T RS RGRRET & a184b 13&?% i ned
top walsl 138 exserfacecanmtdravimntdetidcttd® pantiians forming gdsaapgesl40

encircling the 5 [ he dlscharge
openi ng 106 ne pd ?ﬁ%‘t‘g?ﬂqoﬁﬂ R =234 pa8854esi {1 4

illustrated i n BAGEFEIQD Qﬁn?¥ﬁ;¥ﬁeﬁﬁqﬁ}1%% F% sald Planﬂ?r?ﬁﬁ?%ﬂf\ﬂines 143
extend between sade faramirdds amsikber such tha86thé dbreettpe exf duict 125 for

distributing ai e)3l9Rg geheratly \Pechéapaidhgt tBehiacELOiniAdE Of the

t apered duct ct1 ng vanes are con lgured to
del i véi® t enper aPEPREE oRRFH TR Q| Fatdh e ugR GBEFlng in said RNt al |y

parallel to a | dsgchafgeal from sa IPfrstofdirection gederallptreans 128a and
éﬁgf f‘; \Ag'r& ar e pdipeRhefutRr to safd BbREHi150LYE REnbOf X5 d&tind TOom said
“direction generally parallel to said foraminous member
and then to a third direction generally perpendicular
15 to said foraminous member. |

17. 2Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 16, said foraminous member having a
non-conductive coating to electrically insulate said

5 foraminous member.

18. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 16, said deflected portions of said
foraminous sheet being formed to provide passages on

5 opposite sides of said deflected portions wherein
streams of air flowing in a first direction generally
perpendicular to said foraminous member forms a
plurality of streams of air flowing generally parallel
to said foraminous member which collide to change

10 ' direction to said third direction generally
perpendicular to said foraminous member.

LR



WO 96/ 39790 PCT/ US96/ 09535

27 the food product 30. As the duct reciprocates about

the axis 142a of pin 142, which is parallel to the axis 125a of
the duct, streans 128a and 128b of air I npi nge on di screte areas
on the surface of the food 5 product 30 to transfer heat between the
air streans and the surface of the food product 30.

The "air di sMﬁH'@P"appar atus 125 is pivotally sec B3SO G it

pl enum 108 by a pivot pin 142 exten- di ng through aligned .
apertures 144 in flange 140. 10 Pivd1 pin 142 extends into an opening
145 fornmed in | ug 146 on shaft 148 mhich extends into an aperture

149 on a |ink 150. L]j 0 ha an ongate formed
therein into which aigrn é%f'%% 35% Fring'Bat pekygen s
Crank arm 155 hasmaﬁrap@xganntMnlﬂedwaxn\nnﬁ.a.:ood produgtki ve shaft 158

driven by ”Utoraéégr&ﬂﬁQUQ@ @Réﬁﬁ”la, said paé&ﬂ@&%eﬁnlgiid A
radi al bl ower di schar es |ts est r fromthe
outer portion o FﬁBIVBPﬁt “éiﬂﬁﬁﬁdytPhPSﬁ§En§héB§ﬁagﬁenlngs

in tubds 128 toofnpingewave energythruughuaamnmﬂbmmhippuéumbm&@rln t he open
top contain- er 18.

20. Apﬁaratus for transferring heat between
temperature controlled air and a foocd product
comprising: -

a cabinet having an interior compartment;

5 conductive top, bottom, front, side and rear
walls on said cabinet extending around said
compartment;

a plenun wall, said plenum wall forming a plenum
in said compartment having an opening'to provide an

10 air return path;

at least one air dispenser communicating with
said plenum for circulating air through said
compartment;

microwave reflective surfaces extending into said

15 compartment; and

means mounting said microwave reflective surfaces
for reciprocating movement between extremes of a range
of movement such that at least one of said microwave
reflective surfaces is moving in said range of

20 movement between said extremes of movement when
another of said microwave reflective surfaces reaches
an extreme of said range of movement.

A



The air dispensing duct 125 is noved relative to t he product 230

to give uniformcoverage by the air 25 streans. As best illustrated
in Figures 11 and 12, - the end walls 222 and 223 of the container
218 cause a portion of the air streamto be deflected to heat the
sides and bottom 231 of product 230 in the container. The
novenment applies the air streans near one side of 30 t he contaj ner

adj acent endVRI9P92 and then to the ot her si de PSA/SCEM>%nd
wal | 223 so that parts of the air streans are alternately applied
to opposite ex- posed sides of BRe product 230 and are caused to
alternate the lateral flow through | oose stacks of 35 food products
230 such as curled or random | engt hs of WO 96/ 39790

PCT/ US96/ 09535 N 138 french
fried potatoes. This 44t ePPRATRT PafeF JFrapgterring healy KeWRLE gh pat hs
228 bet ween suppoenperasurz? conkredlied air and umdivodipradasts t he | ower side

231 of irregul ardgeording to &%&ﬁdzawye%w%é&ﬁ@v%f Boglhikeasparts.
he g of

5 The effectlveness of  t si deways air heatin
| oner surfaces ZRAFEHRIYE RGNS LAYIRG i BEIBBXL (RPYHARN and vide air
passages under féxtremitiies sonfigured to encirfelé herpoxtienteti sgidir

di spensi ng appar@ééﬁﬁﬂéﬁ%hamber such that said air heating chamber
extends around a major part of the periphery of the
cooking chamber wherein air is drawn along multiple
paths toward said side walls and toward said rear wall

10 from said coocking chamber.

22. Apparatus for transferring- heat between
‘temperature controlled air and a food product
according to Claim 21, said foraminous partition means
comprising:

5 a sheet ‘having portions deflected outwardly in
opposite directions from the plane of the sheet to
form ﬁassages through which air flows in a direction
generally parallel to the plane of the sheet while
blocking air flow.in a direction generally

10 perpendicular to the plane of the sheet.

23. Apparatus for transferring heat between
temperature controlled air and a food product
according to Claim 20, said air dispenser comprising:

a plurality of air dispensing ducts; and

5 means pivotally supporting said air dispensing
ducts in said heating chamber.

i
!
* C L M s %



provi des noving reflective surfaces which serve as 10 stirrers to
hel p distribute the m crowave energy in t he cooki ng chanber 120.
The conbi nati on of extended orifices through tubes 128, and the
open top contai ner 18 provides air escape path 129 whilte bringing
the orifice to an opti- 15 mum di stance fromthe product 230. It
shoul d be nqted t hat upper edges of the sides 22 nd
ends 222 WO 639790, .4 223 of container 218 extend above tﬁfgﬂ%géﬁ%ﬁgf

t he contai ned product 230 to enhance air flow between t he | ower
surface 231 of the product 230 and the 2032 bottom 224 of contai ner.
218. : As illustrated in Figure 12 of the draw ng,

streans of air dispensed fromair dispensing duct 125 t hr ough

hol | ow ai r dispensin% tubes 128 i npi nge upon . t he upper surface of
a food product 230 i #4conARPAZALRS for trapgferrimg hepdhibefiweedr avel s

t hrough space 1Zampeirateire controlletiute 4Ad, a afood |prsddwdted in Figures 12
and 13 of the ; R Q3 wORENT 4,3 Vv rdty adj acent
baffles acqﬂﬁgfgﬁgEgghgggﬁhaéﬁmgggﬁzééﬁrgég yﬁ%@gﬁ%ﬁ§ 75c fornmed

in the perforated pl &&dVesnegps connected toeachopf 33 dehs 165 are

preferadly renowhii¥pensing ductsnEent eduslifigas&idndutes nasl wdven dnenper at ur e

which is . ] es 9& t t erature of any other surface in the
oven 70 for caus‘}nnlgéo\%/:'e?ﬂys %%é’:%’%oukséggype particles in t he novi ng
air to be collected on the col dest surface 35 in the recircul ating

path. To assure thatag.he agppalratus for transferring heat between
temperature controlled air and a food product
according to Claim 24, said drive means connected to
each of said air dispensing ducts comprising:
5 a motor;
' a drive member driven by said motor; and
a plurality of links extending between said drive
member and said air dispensing ducts, one of said
drive members being positioned relative to the other
10 drive member such that said air dispensing ducts move
asynchronously.

26. A microwave oven for heating food products
comprising: a heating chamber having an electrically
conductive wall, said wall having an opening for
delivering electro-magnetic energy into said heating

5 chamber; at least two air dispensers in said heating
chamber; means movably supporting said air dispensers
adjacent opposite sides of said opening to direct air
streams to impinge on discrete portions of the surface
of a food product in said heating chamber; and means

10 associated with said air dispensers for asynchronous
movement of said dispensers for sweeping said air
streams through said heating chamber and for sweeping
electro-magnetic waves through said heating chamber.

A
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29 col l ection pans 165 are maintai ned cool er than other

surfaces in oven 70, the pans may be exposed to out- side air or
water cooling to facilitate collecting aerosol fromthe
recirculating air. 5 If the food product 230a in the container
S strips or slices of pasta, potatoes or other part]

| ate materi WPAPPOfrom stream 128a will be delivered Pé%ﬁ@#%?%ﬁgh the
stacked material in heat transfer relation with the surface of the
pi eces of the food product. 10 40| f food product 230 is a solid
article, as desig- nated by the nuneral 230 in Figures 11 and 12

of the : dr awi_ng, di spensi ng duct 125 is prefer.ably rock
causing air streans £28a BliiggaYﬁ P AGYLing do Claim Z%SUFFége of
t he food producwtbémus$ntwatexaldkdgessdfh compritsigwggof such that regions

of controlled air pr@spiffality of l@f&iééé déggmwya& adj acent
opposite sides of the uct at_tenperature
controlled air flows®eans Pl"“"’?‘ﬁﬁ"ﬁuﬁ‘i‘ﬁ’%%% el?éﬁ/\é% e SA3er
surfaces 231 of plurality dblicalvodippensing a:mbﬁshe.m;qﬂd $eaftdng 225a of the
20 bottom .contai ner. 218. After the surface of

t he food product as been heat ed by air streans 128a and 128b,
the recircul ating air tends to limt localized heating of the
product by zsi.cramxereaabgyodeﬂ:ia/@éacamg Ry Tl ian £ 792 saligps and
25 thin angasg ol % FFEQ§“$&:£“§£1§@# 39) Sl oh e HorPY the
m crowave energy nay ac eal to air in streamns

I SS a
128a and 128b t@ﬁmﬁhr@@owompngmsag of said dispenferSHHAWRHSIHLG t he food
pr oduct . drivaf heankheoﬁﬁedtad OtbiCdact) of A P1wealli&yhas 30

been Suéf'C'ent|3%t§¥¥(§QSp E;L&OEhEQEOHQP égﬁélng said dispensers to

oscillate out of phase.

29. A microwave oven according to Claim 26, with
the addition of:

a plurality of spaced partitions in said heating
chamber dividing said heating chamber to form a

5 cooking chamber and an air heating chamber, said

partitions being configured to block passage of micro-
wave energy into said air heating chamber while
permitting flow of air from said coocking chamber into
said air heating chamber.

30. A microwave oven according to Claim 26, said
partition means having a central portion and
extremities configured to encircle a portion of said
cooking chamber such that said air heating chamber

5 ' extends around a major part of the circumference of
the cooking chamber wherein air is drawn along
multiple paths from said cooking chamber.

R



circulating apparatus 100 is term nated and nagnetrons 92 are

turned off. It should appreciated that other and further
enbodi ments of the invention may be devi sed w t hout WO 96/ 39790
PCT/ US96/ 09535 30 departing fromthe
spirit and scope of the appended cl ai ns. WO 96/ 39790
PCT/ US96/ 09535 31
C ai ns WO09639790 1 A nethod for transferring heat bet REHUSI6/09535

41

31. A nmicrowave oven according toc Claim 30, said
partition means comprising:
2 removable oven liner having a configuration
approximating that of said cooking chamber such that
5 surfaces on said liner form foraminous walls around
said food product to collect splattered material
resulting from heating the food product.

I g
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tenperature controlled air and a food product in a cooki ng 08Iy
I n a mcrowave oven conpri sing: delivering tenperature '
cont rolled air 5 substantially parallel to an axis into a duct having
a surface formed of mcrowave reflective material ; .

di spensing a streamof air fromsaid duct into the c g0 chanber
in a direction generally - transverse to said axis; ang 'iu""’?
reci procating si?ﬂ'ﬂuct ab o U¥ORER NFELBECTUAL SROPERTY PROANIZATION salNie¥ cr onave
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(57) Abstract

A combination microwave and air impingement oven has two magnetrons (22b) and an.air handling system that includes two or
more reciprocating ducts (312, 31b) through which air is dispensed into the oven (10). The rotating ducts (31a, 31b) are configured to stir
microwave energy in the oven to prevent formation of hot spots and to sweep microwave radiation over the surface of the food product. A
foraminuous partition, configured to encircle a portion of the cooking chamber, has a central portion and extremities mounted to divide the
interior of the cabinet into a coo)nng chamber and an air heating chamber. The partition extends around a major part of the periphery of
the cooking chamber such that air is drawn along multiple paths towards side walls and toward the rear wall from the cooking chamber.
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32 4. A nethod of transferring heat between

tenperature controlled air and the food product according to Caim
1, the step of delivering tenperature controlled air substantially
parallel to 5 an axis into a duct conprising the steps of:

dr awi ng spentw?igg,sg7gosul ting fromi npi ngenent of said streamon the
food product along an air return pat h; PCTAISS6/69635N1 Ng A
f oram nous nenber havi ng passages 10 formed therein such that said
spent air flows through passages in said foram nous nenber, said

f or am nous nmenber bei ng configured such that airborne particles -
in said spent air are retained by said foram nous menber .

5. A nethod of transferring heat according to claim4, said

f oram nous nenber being formed to prevent passage of microwave
energy along said return pat h past said foram nous nenber.
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conpri si ng:

PCT/ US96/ 09535

6. Apparatus for transferring heat between

tenperature controlled air and a food product in a m crowave oven
pl enum neans having an air return opening; 5
outl et means on said pl enum neans having a central axis;
an e!ongated‘gaggmgaying m crowave reflective surfaces and- havi ng
an entrance openinig-and an outl et openi ng; 10 PCT/US96A3E S
supporting said duct for reciprocal novenent about said axis; and
means for placing said entrance opening in said duct in

coupl er

fluid communi cation with said outl et
such that air is delivered 15

and such that

energy distribution of mcrowave energy within the
chanber and consistent heating of a food

chanber .

tenperature controf® ed &@r&and a food product

means on sai d pl enum neans
fromsaid plenum neans into said duct
said mcrowave reflective surfaces provide uniform
. cooki ng
product in the cooking
7. Apparatus for transferring heat between
according to Caim

6, said el ongated quct ﬁhvrbg a ~microwave reflective fin which
rot at es about saj —2xl.S
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8. Apparatus for transferring heat between tenperature controll ed

air and a food product according to Claim6, said el ongated duct
havi ng m crowave reflective angularly inclined surfaces.

WD 96/ 39790 PCT/ US96/ 09535

34 9. Apparatus for transferring heat between
tenperature %&glled air and a food product according to Claim
6, with the & of a second el ongat ed duct haPCnEse/9s3VaV e
reflective surfaces 5 and having an entrance opening and an outl et
openi ng, sai d coupl er neans noving said ducts such that said

m crowave reflective surfaces on each of said ducts nove at

di fferent periodic phases at the sanme periodic _ frequenci es such
that one duct is in the mddle of its 10 range of novenent when the
ot her duct approaches an . end of its range of novenent to -

di sttibute m crowave energy within the cooking chanber
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10. Apparatus for transferring heat between tenperature

controlled air and a food product according to Claim9, each of
sai d el ongat ed ducts having a m crowave reflective fin which
rotates about 5 said axis. 11. Apparatus for
transferring heat between tenperature controlled air and a food
pr oduct 96/5 ording to Claim6, said coupler neans for placing
said entrance opéning in said duct in fluid 5 conmunPcasa09sEst h
said outlet neans on said plenum means such that air is delivered
fromsaid pl enum means into said duct and such that said ’
m cr onwave refl ective surfaces provide uniform energy :
di stribution of mcrowave energy wi thin the cooking 10 chanber and
consi stent heating of a food pr oduc&zai n t he cooki ng chanber
conpr,i sing: means didkttNng said st?‘?'ea‘m of _ai gad n agdirection
such that it does not o= Upon—tHer pr gduct™ )
WD 96/ 39790 I * FUSE0 02585
35 . 34h ,
B! i
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12. Apparatus for transferring heat between tenperature controll ed

air and a food product according to Caim6, with the addition of:

i nsul at ed bunper pins in said cooking chanber for positioning a 5

pan in spaced relation fromwalls of said cooking chanber .

13. Apparatus for transferring heat between tenperature controlled

air and a f Quslogsosiict according to Claim®6, said coupler means

conpri si ng: sl eeve nmeans configured to tel escopic QP fvYe a 5

portion of said outlet neans. 14. Apparatus for

transferring heat between tenperature controlled air and a food

pr oduct according to Claimé6, said coupl er neans conpri sing:

means delivering air through saldthbmmnce opepLRg - a dlrectlon

substantial ly parallel to said axis apout TogetNé! ' ch sai d duct -

reci procates. : 15. Apgaratus foyf transferring heat hetween

t enperat ure contro gcwr and aﬁ\ d product according to Claim
n

8, said outlet op [ cwug orfgt-£d to di spense a
streamof air to 5 I mpi ng agé\pst tr7f

syrfag¢e of a food product.
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WO 96/ 39790 PCT/ US96/ 09535

36 16. Apparatus for transferring heat between
tenperature controlled air and a food product according to Caim
6, with the addition of: a foram nous nenber having a
substantially planar 5 surface and having defl ected portions form ng
passages woosndgg M tting flow of air through said passages in a
di rection generaﬁ?y.parallel to said planar portion of PCT/US96(09335
foram nous menber such that the direction of air flowi ng generally
per pendi cul ar to said foram nous 10 menber enroute to said return )
opening in said plenum I's changed froma first direction
general ly per pendi cul ar to said foram nous nenber to a second
direction generally parallel to said foram nous nenber and t hen
to a,third direction generally perpendicular 15 to said foram nous
menber . 17. Apparatus for transferring heat between
tenperature controlled air and a food product according to Caim
16, said foram nous nenber having a non- conductive coating to
electrically insulate said 5 f oram nous menber.
18. Apparatus for transferring heat between t enperat ure
controlled air and a food product according to Claim16, said
defl ected portions of said fq&gninous sheet being fornmed to
provi de passages on -~
D
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5 opposite sides of said deflected portions wherein
streans of air flowing in a first direction generally

per pendi cul ar to said foram nous nenber fornms a plurality of
streans of air flowi ng generally parall el to said foram.nous
menber which collide to change 10 direction to said third direction
general ly WO 9 erpendi cular to said foram nous nenber.
WO 96/ 39790 39798 . PCT/ US96/ 09 BEE/USI6/09538
37 19. Apparatus for transferring heat between
tenperature controlled air and a food product according to Caim
18, said passages in said f oram nous nenber being configured to -
prevent passage 5 ~of mcrowave ener t hrough sai d foram nous
menber . 20. Apparat us for-%?ansferring heat between
tenperature controlled air and a #epd prodict 70eonprising: .
a cabinet having an Lpterior conpartment; _ rconductive top,
bottom front, side i;_'ﬁf'fo R S04 S A0 LA T BX] BIgli ng
o rr A T A e T 1o 270 __,",1
——— P AN
102~ QW EE
/_\ =l >
Wy = 100 a7
S0b~ W AZe = — 7 e,
f~4 e ‘ J / .f'r,‘-_.r',. J‘fi:‘-/n‘ 9Og;>
| 6N DS
. r‘f L7
E : 17 104 \ W77 pe—
P e q rr
7 04 ”ZQZT 1N y —=|J
| ) N e :
il , N e 4] N P
7; l I AN A e {
92 [ \§\——_—// ’ 92
106 27 .y
AN VEY i B
933 / ; \_g5
! zr o
’ 7 > 94
75p 120 ___ 34 > ,
f } r°1 t /
=t 96
I ! ﬁ_l 95 RZ7|
s - A1
oed —_————— 'FSYr
) - ) > @ LR
4 r!r‘( [y ) - \ Y30 “p 5l ‘[‘.:{
7 il >

N

LA ===t =
Ay ’;r. s 4
- L ——*..A___—
(AW Lyl y
z S A (1 165,
P M=N_B 72
¢ v, (A i~ X »
PR g P AT
—f.rf __{r-:"" rr
KTl = 72 I

_:.SL' 39 o~ (: < <5 "f -
S A s AR e AR
.f;r'r":'—‘ A _'rf:)/f)r

FIG. 12 47

SUBSHTUTESHEET(RULE26)




a plenumwall, said plenumwall formng a plenum in said

conpartnent having an opening to provide an 10 air return path;

at | east one air dispenser conmunicating with sai d pl enum for
circulating air through said conpart nent; m cr owave
reflective surfaces extending into said 15 conpartment; and

means nounti nﬁléﬁ%’b‘;ﬁﬂi crowave reflective surfaces - for

reci procati ng novenent between extrenmes of a range rotruswsosa3Nt
such that at |east one of said mcrowave reflective surfaces is
nmoving in said range of 20 novenent between said extrenmes of novenent -
when anot her of said mcrowave reflective surfaces reaches

an extrene of said range of novenent. WO 96/ 39790

PCT/ US96/ 09535 _ 38 21
Appar.atus for transferring peat Jgtgpeen tenperature controlled air
and a food product disng to Caim20, with the addition of

f oram nous partition ns éving a cent@al portion and 5

extremties confi

/'//2 {of

25a
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cooki ng chanber such that said air heating chanber ext ends around
a mgjor part of the periphery of the cooki ng chanber wherein air
is drawn along nmultiple paths toward said side walls and toward
said rear wall 10 from said cooki ng chamnber. .22,
Apparatus for transferring-heat between tenperature controlled air
and a food prQgYgieren according to Gaim2l, said foram nous
partition means conprising: 5 a sheet BCUSIG09535 t i ons
defl ected outwardly in opposite directions fromthe plane of the
sheet to form passages through which air flows in a direction
generally parallel to the plane of the sheet while bl ocking air
flowin a direction generally 10 per pendi cul ar to the plane of the
sheet . S 23. Apparatus for tr%gsferring heat between
tenperature controlled air -and a food produciy according to Caim
20, said air dispenser conprising: . 7 &3 a plurality of air

di spensi ng ducts; and 5 nea@§
di spensi ng ducts in said heating
96/ 39790 :
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39 24. Apparatus for transferring heat between

tenperature controlled air and a food product according to Cl aim
23, with the addition of: drive neans connected to each of
said air 5 di spensi ng ducts for causing said ducts to nove in

uni son asynchronously. 25. Apparatus for transferring heat
bet ween wo sisPgperature controlled air and a food product

according to C|a|n124 said drive means connected to PCTAS8d098d5 Sai d
ai r dispensing ducts conprising: 5 a notor; a
drive nenber driven by said notor; and a plurality of |inks
ext endi ng between said drive menber and said air dispensing ducts,
one of said drive nenbers being positioned relative to the other
10 drive nmenber such that said air dispensing ducts nove
asynchronously. 26. A nlcromave oven for heating food
products conpri Bl ng: a treatt | [ g—anfiel ectrically
conductive wall, said wal haV|ng an oﬁ&h I : del i vering

el ectromagneti c energy i#Ato—sard—treatng i at least two
air dispensers in said /heating ! Ropanbek afA? supporting
said air dispensers adjacent qp.nslte S|-r- FPasqi d opening to
direct air sLrepms to |np|nge‘pn a cte pOo~i ofs of the surface

of a food product in saEd:

: healulg._chprrbe.l:_._.alld neans_ 10 __> associ at ed
with said air dispenseg

asynchr omots~__ J
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novenent of said di spensers for sweeping said air streans through

sai d heating chanber and for sweeping el ectronmagneti c waves
t hrough sai d heating chanber. WO 96/ 39790
PCT/ US96/ 09535 40 - 27. A
m crowave oven according to Caim26, said at least two air
di spensers a plurality of air dispensin ucts;
and ' QﬁHB&éé?@ans pivotally supporting at |east. two dﬁcgéﬁaﬂ%gs
plurality of air di spensing ducts in said heating chanber .
28. A m crowave oven according to Claim27, said means aSSOCIated
with said air dispensers for asynchronous novenent of said
di spensers conpri sing: dri ve means connected to each of said
plurality 5 : of air dispensing ducts for causing said dispensers to
oscillate out of phase. . . 29. A microwave oven according to
Claim 26, with the addition of:
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a plurality of spaced partitions in said heating chanber divi di ng

said heating chanber to forma 5 cooki ng chanber and an air heating
chanber, said partitions being configured to bl ock passage of
m cro- wave energy into said air heating chanber while
permtting flow of air fromsaid cocking chanber into said air
heating cha 30. A mcrowave oven according to Cl aim
26, said %96/395%9” ition means having a central portion ®anUs96/09s3s
extremties configured to encircle a portion of said cooki ng
chanber such that said air heating chanber 5 extends around a maj or
part of the circunference of t he cooki ng chanber wherein air is -
drawn al ong mul ti pl e paths from sai d cooki ng chanber
WD 96/ 39790 ' PCT/ US96/ 09535
41 31. A microwave oven according to Caim 30, said
partition nmeans conpri sing: ' a renovabl e oven |iner having a
configuration approxi mating that of said cooking chanmber such that
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5 surfaces on said liner formforam nous walls around said
food product to collect splattered nateri al resulting fromheating
t he food product.

WO ?6/39790 PCT/US96/09535

FIG. 20
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