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AIR DISPENSERS FOR MICROWAVE OVEN 

CROSS REFERENCE TO RELATED APPLICA'l'XONS 
This application is a continuation-in-part of 

Application ~eria1 No. 08/357,705, filed December 16, 
1994, entitled "CONVEC'l':ION KEAT 'rRAHSFER APPARA'l'OS, 11 a 

divisional of Application Serial No. 07/958,968, 

filed octobe~ 9, 1992, (now Patent No. 5,401,940, 

issued March 28, 1995) entitled "OSCILLA'l'l:NG AJ:R 

DJ:SPENSDS FOR MICROWAVE OVEN" which is a 
continuation-in-part of Application Serial No. 
07/723,250, filed June 28, 1991, (now Patent No. 

S,210,387, issued May 11, 1993) entitled "FOOD 

RANDL:tNG SYSTEM", and a continuation-in-part of 
Application Serial No. 07/463,279 filed January 10, 

1990, entitled "M:CCROWAVE VEND:tNG MACltINE," now U.S. 
Patent No. 5,147,994, issued September 15, 1992. 

'l'ECBNJ:CAL FIELD 

The invention relates to improvements in 
recirculating air convection microwave ovens for 
heating food products. 
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Backg:owid of :cnv•ntion. 
In heavy duty f oodservice ovens and food vending 

machines, cleaning "is a major consideration. This is 
particularly important in air recirculating 
impingement ovens of the type disclosed in U.S. Patent 
No. 3,884,213 and in convection ovens with microwave 
food he~ting. 

Patent No. 3,884,213 discloses an oven.equipped 
with a pivo~ally mounted, rectangular $haped, 

10 microwave transparent plate having spaced tubes 
extending therethrough for forming collimated jets of 
air that are projected to 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 perm.it optimum air flow to provide 
maximum efficiency and required that the jet plate be 
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microwave transparent. 
Microwave heating of certain foods, includinq 

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. 

ovens of the type disclosed in U.S. Patent No. 
3,884,213; U.S. Patent No. 4,154,861; 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 heatinq 
of the product in combination with microwave ~eatinq. 

Jet impingement ovens have enjoyed significant 
success in commercial f oodservice and commercial food 
processing operations. However, a long felt need 
exists for apparatus for quickly and efficiently 
heating" food products that require little or no 
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preparation for use in a vendinq machine fo~ hot meals· 
and in cou~ter top ovens for food service· operation$ 
that are easily clean~d. 

U.S. Patent No. 4,431,889 discloses a combination 
microwave and convection oven in which a qas burner 
positioned outside the oven provides heated combustion 
products which are drawn from the burner area along 
with vapor from an outlet of the oven by a blower 
system and the combined output of the blower system is 
blown into the oven through an oven inlet region in 
the oven wall. Both 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 
exhaust vent thereby creatinq 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 ~xially 
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 
enerqy within the microwave oven cavity and consistent 
heating of a product in the microwave oven cavity. The 
directional rotating antenna includes a two-by-two 
array of antenna elements where each element is an end 
driven half-wavelength resonatinq antenna elemen~ 
supported by a length o! conductor perpendicular to 
the wall of the microwave oven cavity. A parallel 
plate transmission line connects to each of the 
supports, four of which join at a junction which 
connects to a cylindrical probe antenna •. ~he probe 
antenna is excited by microwave frequency currents of 
a waveguide adjacent to the wall of the microwave oven 
cavity. 
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~he directional antenna is rotated by a moving 
stream of ~ir circulated throuqh the microwave oven 
cavity. A dome havinq a flattened conical shape 
extendinq outwardly in the wall of the microwave oven 
cavity provides a nearly circular re~ess partially 
surroundinq the directional rotating antenna and 
provides uniform energy distribution_ in the product 
being heated. The dome returns microwave energy 
reflected f~om the ·product towards a circular area in 
the middle area of the microwave oven cavity. A 
transition section extends between the top of the dome 
and the one wall of the microwave oven cavity. The 
wavequide including three sides affixes to the outside 

- ·wall ot 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 
wavequide. The microwave oven provides a consistent 
cookinq pattern, especially for sensitive foods by 
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utilizing hiqh power of the microwave power source. 
U.S. Patent No. 4,940,869 discloses a·cooking 

oven havinq both conventional heating and microwave 
heating. The oven muffle includes a metal distribution 
~heet alonq a·backwall, forming a cavity with the 
backwall. A bladed turbine fan is in the cavity, is 
driven by an electric motor. Microwave enerqy is 
introduced into the cavity throuqh a waveguide having 
an exit iris in the cavity. Microwave energy enterinq 
the cavity exits through openinqs in the metallic 
distribution sheet, as well as past the rotatinq 
turbine blade through additional holes in the 
distribution sheet. ~he microwave energy exiting the 
distribution plate is intended to proviae for a better 
cooking energy distribution ·throughout the oven. 

.. 
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. A long felt need exists for a microwave oven that 
is capable of ,quickly and uniformly heatinq food 
products which provides improved surface texture and 
crispness • 

. summary o~ xnvention 
A pref erred embodiment of the apparatus to 

transfer heat between streams of recirculatinq air and 
a food pro~uct includes an oven cabinet having an 
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
ditioninq chamber houses air circulating apparatus to 

···recirculate temperature controlled air from the air 
15 heating chaml:>er through the cooking chambe - to 

facilitate crisping and browning to provide a desired 
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surface texture. The foraminous partition has 
extremities spaced from and extending alonq sides of 
the oven s~ch that recirculating air is drawn along 
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 couplinq which permits oscillation of 
the ducts about axes to diffuse microwaves. in tl:le 
cooking chamber and to sweep collimated air streams 
across the surface of the food product. 

In one embodiment of the invention, a method for 
controllinq the temperature and surface texture of a 
product includes the steps of: positioning a product 
in a container havinq upwardly extending sides and a 
bottom; positioning the product and container in a 
temperature controlled atmosphere; supporting the 
product above the bottom of the container; and forming 
a region of controlled air pressure aiternately 
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adjacent opposite sides df the product by directing 
air to flow alternately adjacent opposite sides of the 
product such that temperature controlled air flows 
between the lower surf ace of the product and the 
bottom of the container. 

Description of Drawings 
Drawings of two pref erred embodiments of the 

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

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

Figure 2 is a cross-sectional view taken along 
line 2-2 of Figure 1; 

Figure 3 
. cross-sectional view taken along J.S a 

line 3-3 of Figure 1; 
Fic;jure 4 is a top plan view of an air dispensing 

duct; 
Figure s is a side elevat:ional 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 

of the air dispensing duct;. 
Figure 9 is a graph diagrammatically illustrating 

the velocity of an oscillating air dispensing duct 
through a full range of movement; 

Fiqure lO is a graphic illustration of multiple 
air dispensing ducts moving asynchronously; 
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. Fiqure ll is a perspective view of a second 
embodimen~ of a microwave oven including a packaqe. 
handling apparatus and oven cabinet inside a vending 
machine, the outer cabinet of the vending machine 
being broken away to more clearly illustrate details 
of const~uction;. 

Figure 12 is a cross-sectional view taken along 
line 12-12 of Figure ll; 

Figure..13 is a cross-sectional view taken along 
10 line 13-13 of Figure 12; 

Figure 14 is an exploded perspective view of the 
air dispensing apparatus; 

Figure 15 is a diaqra~atic view illustratinq air 
··flow during a first stage of the cooking process; and 

15 Figure 16 ~s a diagrammatic view similar to 
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Fiqure 11 illustrating air fl.ow during a second stage 
of the cooking process. 

Figure 17 is a diaqra.mma,tic view simil.ar to 
Figure ll illustrating air flow through a particulate 
food product; · 

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

Figure 19 is a cross-sectional view taken along 
line 19-19 _of Fiqure 18; and 

Fic;ure 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. 
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Description at Pr•f erre4 Em.bodiaents 
.Two eJli:bodi~ents of the improved microwave oven. 

are illustrated in the drawinqs. In the first 
eml:lodilnent of Fiqures i-10, an air heating chamber 40 
is positioned behind a cookinq chambe~ JO. In the 
embodiment of Figures ll-17, the air heating chamber 
is positioned above the cooking chamber. 

Temperature controlled air is delivered into a 
duct, havinq a surface formed of microwave r!!flective 
material, for dispensing a stream of air from the duct 
into the cooking chamber. The duct is reciprocated 
such that the microwave reflective surface on the duct 
reflects and distributes microwave energy in the 

··cooking chamber. 
As will be hereinafter more fully explained, a 

source of electro-:maqnetic radiation and air circu­
latinq apparatus are employed for heatinq a food 
product •. In the illustrated embodiments, the food 
products may, for example, include french fried 
p~tatoes, chicken nuggets, pizza, submarine sand­
wiches, bread and other baking products. 

Description of A J'irst Embodiment 
A first embodiment of the oven is illustrated in 

Fiqures 1-10 of the drawings. 
Referring to F~GS. 1, 2 and 3 of the drawing, 

oven io has 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 
by a door 18 connected by hinges l8s to the front wall 
16. A microwave trap is formed around door 18 to 
prevent passage of microwave energy throuqh space 
around the door. 

Maqnetrons 22£ and 22a, best illustrated in FIG. 
3, are connected to wave quides 23s and·23b extending 
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horizontally across an upper portion of the oven. As 
best illustrated in FIGS. 2 and J of the drawinq, 
openings 24A and 24b are formed in the top wall 15 of 
oven 10 throuqh which microwave enerqy is.radiated 
into a cookinq chamber JO, as will be hereinafter more 
fully explained. 

Referrinq 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 
perforated partition 25, constructed of metallic or 
other electrically conductive material having perfora­
tions with relatively small openinqs 25g equivalent to 
more than about 40% and preferably less than about 60% 

.··of the surface area of partition 25, is configured to 
prevent passage of microwave energy from the cooking 
chamber 30 into said air heatinq chamber 40. 
Partition 25"has a central portion 25A and extremities 
251;! and 25g configured to encircle a portion of the 
cooking chamber 30 such that heating chamber 40 is 
spaced horizontally from cooking chamber 30. Heatinq 
chamber 40 is in a back portion of the oven and has 
legs 40R and 40£ extending alonq opposite sides of the 
cooking chamber 30. It should be appreciated ~hat the 
foraminous partition 25 extends around a major portion 
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 
the partition 25 with air streams ~ispensed into the 
cooking chamber 30 through air dispensers 31a and 3lg. 

As best illustrated in Figure 3, opening 24b is 
formed in top wall 15 adjacent the door 18 and is 
positioned subst~ntially equal distances between side 
walls 12 and 13. opening 24A extends through top wall 
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15 rearwardly of opening 24Q and wave quides 23A and 
23a are positioned generally parallel to each other· in 
the illustrated first embodiment. 

The magnetrons 22A and 22h are mounted adjace~t 
side wall 13 of the oven, in the illustrated 
embodiment, and deliver microwave energy through 
horizontally disposed wave guides 23~ and 2Ja, 

extending perpendicular to the centerline 10,g ot :the 

oven, and through outlets 245 and 24~ into th~ cooking 
chamber 30. It should be appreciated that magnetrons 
22A and 22~ may be mounted in the rear of the oven or 
one in the rear and one at a side of the oven. 

Microwave energy travelinq through a wave guide 
···into a microwave cooking cavity tends to form hot 

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 heatinq of 
portions of the food product. 

Referring to FIG. 2, a plurality of horizontal 
rails 26 and vertical bumpers 27 are provided to 
support a pan P or wire qrills (not shown) for food 
products. Plastic tubing of for exa~ple about 30/1000 

inch wall thickness on metal rods form a non-
conducti ve support to prevent arcing between the pans 
and oven walls. It should be appreciated that ceramic 
materials or other non-conductive coatings could be 
used to prevent arching. 

Pans resting on the surface of insulated rails 26 
need not be perfectly flat to prevent forming critical 
gaps which would cause arcing. Rails 26 are.supported 
by rail leqs 26a and 26g. The length of leqs 26a and 
26~ controls spacing between the bottom of _the pan P 
and a bottom jet forming plate 62 and consequently the 
intensity of heat transferred to the bottom of pan P. 
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In the illustrated embodiment, the lenqth of each leg 
26s and 26~ is adjustable by rotating a threaded foot 
that extends into an ~nternally threaded tubular leq. 
Other and further height adjusters, such as racks 
slidable in vertically spaced notches. (not shown), may 
be employed. 

Referring to Figures 2 and J of the drawing, air 
circulating apparatus, generally designated by the 
numeral so, -comprises a blower housing,· formed between 
rear wall 11 and a plenum wall 51, that has upper and 
lower discharge openings 53 and 54 which extend 
horizontally above and below a radial flow fan 
impeller 55. A heating element 56 is mounted adja~ent 

.··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. 
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The discharge openings 53 and 5~ are formed by a 

plenum wall 51 extending generally parallel to rear 
wall ll. Plenum wall 51 has a generally vertically 
extending central portion 51a and generally 
horizontally extending upper and lower portions Sla 
and 5lg, respectively. The central portion Sls has an 
openinq 52 in which radial flow fan 55 is mounted. 

A pair of generally circular tubular members Slg 
extend outwardly from spaced openings in the upper 
portion of the plenum wall and telescopically extend 
into circular sleeves 34 formed on air dispensinq 
ducts 31s and 31~ which oscillate about spaced axes 
31~ and 31~, as will be hereinafter more fully 
explained. 

Referrinq to Figures 4-8, each of the air 
dispensing ducts 3la and 31Q_comprises a body portion 
32 havinq a tapered longitudinal cross-section formed 
between spaced panels 32a, 32a, 32£, 32~, 32g and 321 

' 



5 

10 

15 

20 

25 

30 

35 

W096/39790 PCl'/US96/0953S 

12 

havinq microwave reflective surfaces. Panels 32A-32~ 
· are angular~y inclined to form. a duct having a 
hexagonal shaped lateral cross-section in the 
illustrated embodiment. However, it is contemplated 
that other qeometrically shaped cross-sections may be . . 
employed •. Panels.32A and 32g on-opposite sides of 
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 3lA· 

Air dispensing ducts 3ls and 3lb are of 
substantially identical con~truction 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 3 2&, 3 2,Q and 3 2,t.. A 

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

A fin 29A, best illustrated in Figures 4, 5 and 
7, is secured to panel 32s in· the illustrated 
embodiment to reflect microwave. Additional fins 29R 

and 29S on panel 32.s& and on panel 3.2§ also facilitate 
stirring the microwave. 

Panel 32g has a plurality of spaced apertu~es 33 

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 Slg 
which forms an outlet from plenum 53, as illustrated 
in FIG. 2. The air dispensers 31A and 3lb are 
pivotally secured to tubular members Slg and outer 
ends are piv~tally supported by a pivot pin 34}2 

extending through an aperture in hanger 34a, as best 
illustrated in Fiqure 2 of the drawing. 

As illustrated in Figures 2 and a of the drawing, 
air directing vanes 36 form a qrid inside sleeves 34 
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for di•tributinq air alonq the lenqth of the interior 
of each of two or more tapered ducts 31. 

Shafts ~Sa and 3sa, having slots formed in ends 
thereof, extend through openings in rear wall 11 of 
oven 10 and are supported 1n bearings ~SA' and 3Sa', 

as illustrated in F~G. 3. one of the air directing 
vanes 36 extends into the slot in the end of shaft 35a 

or 35Q to form a quick release coupling for removably 
securing ducts 31A and 31~ to the shafts 35A and 35b. 
It should be readily apparent that this quick re~ease 
coupling facilitates removing ducts Jla and 31a for 
cleaning and also provides a siqnif icant control of 
the heat treatment of the food product. 

If the oven is to be configured for je·~ 

impingement heat transfer to the food pro~uct, ducts 
JlA and Jlb are positioned to direct air streams 
downwardly toward the bottom wall 14 of oven 10. 
However, if the oven is to be configured for 
convection heat transfer, ducts 31A and 31a would be 

rotated, for example 180 degrees from the illustrated 
position, relative to shafts 355 and 35b to direct air 
streams upwardly toward the top wall 15 of oven 10. 

Air directing vanes 36 are configured to deliver 
temperature.controlled air into the duct substantially 
parallel to a lonqitudinal axis 31X or 31~ of ducts 
3lA or 312. streams of air are directed transversely 
of the axis 31~ or 3ly from each air dispensing duct 
3ls or 312 toward the food product or away from the 

food product, depending on the mounting of the ducts 

31A and 3la on shafts 35A and 3Sa. As the duct 3ls 

reciprocates about the axis 31A of pin 34b, which is 

parallel to the axis 31X of the duct, streams of air 
formed by apertures 33 impinge on discrete areas on 
the surface of the food product to transfer heat 
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between the air streams and the surf ace of the tood 
_product. 

As best illustrated in Fiqures l,2 and J of the 
drawinq, disks 37A and 37g are mounted on the outer 
ends of shafts 354 and JSR. A disk 38, mounted on the 
shaft of ~ motor 39, is connected throuqh connector 
links Ji.a' and 37R' to disks 37s and 37R on shafts 3Ss 

and 3Sa. As disk 38 rotates, connector links 37s' and 
37~' impart.oscillatory motion to the ducts 31A and 

Jlh. 

From the foregoing it should be readily apparent 
that motor 39 rotates drive disk 38 which imparts 
reciprocating motion through links 37A' and 37b' to 

··disks 375 and 37.b mounted on shafts 35s and 352. Each 
15 d .. sk 37,a and 37~ oscillates, as diagrammatically 

illustrated in Figure 9, between opposite extremes of 

a range of motion. Connector.links 375 1 and 37b' are 
preferably connected to disks 37.A. and 372 at locations 
spaced ninety degrees apart such that ducts 31s and 
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3lB 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 du~t 

31,a and 31b. At position "A" on the graph in FIG. 9 
finqer 3lA is positioned such that orifices 33 are 
directly below the centerline or ax!s 3lx and moving 
at maximum velocity. At point "B", duct 31.s, has 
rotated to the end of its cycle and has stopped 
momentarily while it changes directions. At point "C" 

duct 3ls is moving in the opposite direction from that 
of point "A" at its m<'.ximum velocity. At point 110 11 

duct 31A has reached the other extreme of its range of 
movement and has stopped momentarily while it chanqes 
direction. At point "E" duct 31.Q has returned to a 
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point.corresponding to point "A" where it k>e9an its 
cycle of os.cillation. . 

If ducts 31A and Jla were connected to move in 
synchronized relation, each duct would move accordinq 
to the sinusoidal graph of FIG. 9. 

Referring to·FIG. 10, when connector links 37s' 

and 37a' are positioned 90° apart relative to disc 37s 

and disc 37a, the second air dispensing duct Jla is at 
point "F" while the first air dispensinq duct 31.s is 
at point "A". Thus, when duct 3la is moving at its 
maximum velocity at point "A" duct 31.Q is momentarily 
stopped and changing directions at point "F". When 
duct 355 reaches point "B" where it momentarily sto~s 
to change directions, duct ·3sa is moving at its 
maximum velocity through point "G". 

When connector links 37A' and 37.Q' are connected 
90° apart on"disc 37A and 37b, the relative movement 
of ducts 3la and 31b is substantially as illustrated 
in FIG. 10 of the drawinq. By advancing one of the 
connector links 31s' or 31h' relative to the other, 
the point "F" in FIG. 10 can be advanced relative to 
point "A" on the qraph. Further, it should be readily 
apparent that disc 37s and 37~ may be replaced by 

cranks or other suitable'force transmitting 
mechaniSllls. Further, connector links 375 1 and 37~' 
may be replaced by chains, timing belts or the like 
for providing a driving force. In addition, each 
shaft 35s and 35~ may be driven by separate motors 
(not shown) • 

If ducts 3la and 31~ 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 3la and 31~ are 
moved out of phase, an arrangement is provided that 
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allows one of the ducts to always be in motion. If 
reflective ~urfaces 32s-32L on ducts Jls and JlR are 
asynchronous, the mi.crowave field is 'being stirred at 
all times. There is no point in the cycle where there 
is a total lack of motion inside cook~ng chamber 30. 

It should be .appreciated that more than two ducts 
31 may be employed for delivering air into the cooking 
chamber and driven such that the ducts oscillate in 
other relationships relative to each other. 

The positioning of oscillating air dispensers Jla 
and 3la closely adjacent opposite sides of openings 
24s and 24b through which microwave energy is 
delivered into the cooking chamber 30 stirs the 

···microwave as the air dispensing ducts oscillate. 
is Moving surfaces on the oscillating ducts 3ls and 3la 

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 
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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 
oscillating air dispensing ducts Jls and 31~ 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. 

From the foregoing it should be readily apparent 
that the apparatus hereinbef ore described for 
transferring heat between temperature controlled air 
and a food product has multiple air dispensers 31A and 
3la. Oscillation of multiple ducts 3ls and 31~ 
provides a more uniform sweeping action of air streams 
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which project into the cooking chamber than could be 

accomplished with a single jet plate having apertures 
spaced across the entire length of the cooking 
chamber. The multiple air dispensers remain a 
substantially uniform distance from a. food product in 
the cooking chamber as the air streams are moved 
across the surface of the food product. 

The foraminous partition 25 having a 
conf iquration approximating that of the· cooking 
chamber forms f oraminous walls 25s, 25R and 25~ around 
the food product for collecting any material which may 
splatter durinq the cooking process. Further,· the 
f oraminous walls 25s; 25~ and 25c spaced from side 

'walls 12 and 13 and rear wall 11 form a generally 
u-shaped air heating chamber 40 around the cooking 
chamber 30. Spent air flowing from the cooking 
chamber is drawn through openings in the f oraminous 
side partition walls 25R and 25~ and also through the 
central rear foraminous partition wall 25s. Thus, it 
should be readily apparent that air dispensed 1nto 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 Jls and 31~. This minimizes the 
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 JlA 

and 31~ are preferably larger in diameter than the 
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 opening before it loses its 
integrity and significantly diffuses. In a preferred 
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embodiment of the invention, openings 33 in the upper 
air dispensers are preferably, for example, about one 
inch in diameter and the upper surf aca of the food 
product is in a range between about two inches and 
eight inches from the lower surfaces of the 
oscillatinq ducts·Jla and 31Q. 

Openings formed in the lower duct 60, in the 
illustrated embodiment, are conf iqured to impinqe 
against a lower pan surface constructed· of thermally 
conducted material. Thus, the lower tapered duct 60 

is provided with s~aller openings 63 spaced closer 
together than those formed in the upper air dispensing 
ducts 31a and 31Q. In a preferred eJi:lbodiment, the 

··lower tapered duct is provided with apertures 63 
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. 

~n the illustrated embodiment, the pan P 
containing the food product does not move relative to 
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 substantia1ly uniform 
heating to the bottom of the food product, either the 
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 di.spensing duct 

60. 

It should be readily apparent that the ~oraminous 
partition 2Ss, plenum wall 51 and the air directinq 
vanes 36 inside each air dispensing duct 31,SL and 31~ 
create zones of differential pressure throughout the 
oven compartment for enhancing and controlling air 
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flow therethrough. The radial flow fan 55 draws air 
·from the air heating chamber 30 creating an area of· 
low pressure and del°ive:cs air into the Upper and lOW4!lr 
plenums 53 and 54 creating areas of hiqh air pressure. 
The vanes 36 in the upper and lower a~r dispensing 
ducts JlA ~nd Jlh and in the lower air dispensing duct 
60 create a slight back pressure in each air 
dispensing duct for maintaining substantially uniform 
air pressure-lonqitudinally of each air.dispensing 
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 

aqainst 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 
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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. 

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 
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 ~ir in the air stream which has Deen 
heated by the heating elements 56 in the- air heating 
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chambe+ 40 and delivered through the plenum to the air 
dispensing d~cts 31A and JlQ. Airborne particles and 
smoke in the circulating air tends to be collected on 
the coolest surfaces in the oven which in the 
illustrated embodiment are positioned ~or easy 
cleaning~ This prevents transfer of airDorne 
contaminants into the air heating chamb~r 40 for 
accumulation on surfaces which are difficult to clean •. 

As noted ·above, passages in the foraminous 
partition 25 are confiqured to prevent the transfer of 
microwave energy from the cooking chamber 30 into the 
air heating chaml:>er 40 which significantly reduces the 
possibility of leakage of microwave e·nergy throuqh 
openings in the air heating chamber through which fan 
motor drive shafts, electrical conductors and the like 
extend. 

Since microwave enerqy is contained i.tt 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. 
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The transfer of heat between temperature 
controlled air and a food product is enhanced by 
deliverinq temperature controlled air, substantially 
parallel to an axis 31A 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 
dispensing streams of air from·the duct toward the 
food product in a direction generally transverse of 
axis 31X and qenerally perpendicular to the food 
surface. 

Reciprocation of the duct about axis 31X sweeps 
the streams of air that impinge on discrete areas on 



5 

10 

15 

20 

25 

30 

35 

~-

W096/39790 PCT/US96/09535 

21 

the s~rf ace of the food product across the surf ace of 
the food product. 

SECOND EHBODIMEN'l' 

The second embodiment of the ove~, generally 
designated by the numeral 70, in Fiqures 11~20 of the 
drawing, comprises 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 opened or 
closed by a door so. A microwave trap 81 is formed 
around door so and is confiqured to prevent passage of 
microwave enerqy through space between the periphery 
of the door so and walls of the cabinet 70. Top wall 

· ·· 71 and bottom wall 73 close upper and lower ends of 
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 so for 
moving door so vertically relative to access openinq 
79. The door actuator 82 is preferably an electro­
mechanical actuator driven by a motor 82g or a 
pneumatically actuated cylinder (not shown). 

Referring to Figures 11 and 12 of the drawing, 
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 maqnetrons 92 supply electro-magnetic 
energy to wave quides which carry the energy to the 

cooking chamber. Magnetrons 92 convert electrical 
enerqy to electro-magnetic energy in the microwave 
frequency spectrum. Waves of microwave energy are 
similar to radio waves except they are higher 
frequency than radio waves and lower frequency than 
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ordinary li9ht waves. The microwave enerqy is 
channeled through wave guides 93 from the magnetrons 
92 into the cooking.chamber 120. 

As illustrated in Fiqure 12 of tha drawing, the 
side walls 72 and 74 are formed by sp~ced sheets ?4A 
and 74a and insulation material 74£ is configured to 
form a guide tube 93 having a lower end 94 which.is 

inclined at an angle 95 relative to a vertical plane 
96 at an an~le in a range between 15° and 75°. In the 
illustrated embodiment, the angle 95 is approximately 
45°. 

The application of microwave radiant heating is 
delivered from two sides and angles downwardly toward 

··food 230 in an open top non-metallic container 218, as 
sh~wn in Figure 15. Since the non-metallic container 
218 and the food in the container do not reflect 
microwaves stgnif icantly and since the space under the 
container diffuses microwave which passes through or 
by the container the beam from one wave guide is not 
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 the chamber 120 to 
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 103s to a 

supply of water or steam and which may be used for 
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. 
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R~ferring to Figures 12, 13 and 14 of the 
·drawing, ·ai~ circulating apparatus generally 
designated by the numeral l.00 comprises a blower 
housing 102 having an inlet opening 104 and a 

5 discharge opening 106. As illustrated in Figures 12 
and 14, blower housing 102 is in the form of a volute 
and a plenum section 108 is formed adjacent the 
discharge opening 106. 

l.O 
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A radia1 flow fan impeller 110 draws air axially 
through inlet opening 104 and discharges air radia1ly 
through plenum section 108 and discharge opening 1~6. 

A heating element ll.2, having coils 113 of a 
first stage and coils 11.4 of a second stage, is 
mounted for heating air drawn into the blower housing 
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 
constructed of a metallic material and has 
perforations 76s with relatively small openings 
preferably equivalent to more than about 50% of the 
surface area. The perforated metal plate 75 prevents 
p~ssage of microwave energy into the air heating 
chamber llS. 

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 
rows of slits 77 which extend longitudinally of the 
sheet. Central portions. of the sheet are deflected 
along lines 77A, 77g, 77£ and 77g, without removing 
material from the sheet to form air passages through 
the sheet. Between adjacent slits 77 sections of the 
central portions of the sheet are deflected upwardly 
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to fo:t:m upwardly extendinq ridqes 75A, by bending the 
·material along lines 77A, 77~, 77s and 77g. Other 

segments of the sheet are deflected to form downwardly 
extending ribs 75~ by bending the material downwardly 
along fold lines 77a-77g. 

When adjacent seqments 75a and 75R of sheet 75 

are deflected in opposite directions air passages 75S 

are formed in the sheet. 
The pe~forated partition 75 constI11cted of 

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 
formed in the wall of the air heatinq chamber through 
which fan drive shafts, electrical conductors, steam. 
injectors, and ventilation ducts are mounted. 

Further, the perforated sheet 75 significantly 
aids in removing grease and other particulate material 
from the recirculating air and is preferably mounted 
for easy removal for cleaning. 

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

Sheets of the same perforated material are 
preferably mounted to ~orm removal splatter shields 
75§ adjacent opposite sides of the food product to 
form an oven liner which is easily removable for 
cleaning. Soil collector pans or trays 165 extend 
around the food product to catch any food particles 
which may be dislodged from the cooking container 
during the cooking process. 

A coa~ing or layer 75g of non-conductive 
insulator material is applied to at least one surface 
of the perforated sheet 75. If it is deemed expedient 
to do so, only top surfaces of deflected portions 75.s, 
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between fold lines 77~ and 77g may be coated with 
insulator material to prevent microwav~ arcing betw~en 
surf aces of perforated sheet 75 and a metallic pan 
surf ace. 

Microwave enerqy at a frequency of 2,450 

megahertz tends to arc when two metal surf aces 
approach each other at a low angle. The arcing not 
only wastes heating energy, .it can cause fires in dry 

products and can pit the metal surfaces ... 
Heretofore, applying porcelain coatings to flat 

metallic sheets to prevent arcing has 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 75.e. and 75}2 

deflected outwardly in opposite directions from a 
central planar portion 75R is relatively stiff which 
siqnif icantly reduces the tendency of the ceramic 
coating 75g to crack or chip. Coatings of other 
materials such as fluorocarbon resins and fluorine 
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 
~hamber 115 outside of the blower housing 102 while 
the sec~nd stage of ·coils 114 is mounted inside blower 
housing 102. Terminals 112.e. and 112£ of heating 
element 112 are connectable to a suitable source of 
electricity. 

As illustrated in Figure 14 of the drawing, a 
mountinq plate 116 having a notch 117 formed in the 
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 
119. 
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~s illustrated in Figure 3, blower 110 is mounted 
on a shaft which is driven through a coupling lll by a 

motor llOA. 
Coils of a third stage heatinq element 109 are 

mounted in the plenum section 108 of ~lower housinq 
102 and p~sitioned such that air· delivered radially 
from blower i10 is heated immediately prior to beinq 
delivered through discharge opening 106. It should be 
readily app~rent that only coils 109 may be activated 
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 
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top wall 138 extends between front wall 130 and a 
f lanqe 140 encircling the lower end of plenum 108 and 
enclosinq the discharqe opening 106 from the blower 

housing 102. 
As illu.strated 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 
the length of the interior 1445 of the tapered duct 
125. Air directing vanes 143 are configured to 
deliver temperature controlled air into the duct 

substantially parallel to a lonqitudinal axis 125.A. of 
duct. Streams l28s and 128h.of air are directed 

transversely of the axis 125a from said duct toward 
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the toed product 30. As the duct reciprocates about 
the axis 142A of pin 142, which is parallel to the · 
axis l25A of the duct, ~treams 128~ and 12sa of air 
impinge on discrete areas on the surf ace of the food 
product JO to transfer heat between the air streams 
and the surface of the food product 30. 

The air dispensinq apparatus 125 is pivotally 
secured to duct plenum 108 by a pivot pin 142 exten­
ding through aligned apertures 144 in flanqe_140. 
Pivot pin 142 extends into an opening 145 formed in 
luq 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. 

crank arm 155 has an aperture which receives a 
drive shaft 158 driven by motor 160 through a qear 
reducer 161. · 

A radial blower 110 discharqes its highest ve­
locity air from the outer portion of the volute down­
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 
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 
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 through loose stacks of 
food products 230 such as curled or random lengths of 



s 

10 

15 

20 

25 

30 

35 

W096/39790 PCT/US96/09535 

28 

trench fried potatoes. This alternating lateral air 
!low throu~h paths 228 between support ribs 225 passes 
under and heats the· lower side 2Jl of irreqularly 
shaped products such as bone-in chicken parts. 

The effectiveness of the sideways air heating of 
lower surfaces 2Ji can be enhanced by ribs 225 to pro­
vide air passages under flat products. 

. . 
Further, the moving air dispensing apparatus 125 

provides m0Yin9 reflective surfaces which serve as 
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
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 
bottom 224 of container 218. 

As illustrated in Figure 12 of the drawinq, 
streams of air dispensed from air dispensing duct 125 
through hollow air dispensinq tubes 128 impinge upon 
the upper surface of a food product 230 in container 
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 
75§ and is drawn upwardly through passages 7Sc formed 
in the perforated plate 75. 

Soil collector pans 165 are preferably removably 
mounted and are maintained 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 
in the recirculating path. To assure that the soil 
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colle~tion pans 165 are maintained cooler than other 
surfaces in. oven 70, the pans may be exposed to out~ 
side air or water coolinq to facilitate collectinq 
aerosol from the recirculatinq air. 

If the food product 230~ in the container is 
st~ips or slices of pasta, potatoes or other particu­
late material, air from stream l28a will be delivered 
through the stacked material in heat transfer relation 
with the surface of the pieces of the food p~oduct. 

If food product 230 is a solid article, as desig­
nated by the numeral 230 in Fiqures 11 and 12 of the 
drawing, air dispensinq duct 125 is preferably rocked 
causinq air streams 128~ and 12BQ to·move across the 

···surf ace of the food product between lateral edges 
thereof such that r=gions 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 23i of 
the food product and the upper surface 2255 of the 
bottom 224 of container 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 heatinq of the product by 
microwave energy delivered by maqnetrons 92. Tips and 
thin areas of the product that are rapidly heated by 
the microwave energy may actually dissipate heat to 
air in streams 12Ba and 12Bh to provide cooling to 
certain portions of the. food product. 

After the food product 30 in container 18 has 
been sufficiently heated, air flow through the air 
circulatinq apparatus 100 .is terminated and maqnetrons 
92 are turned off. 

It should appreciated that other and further 
embodiments of the invention.may be devised without 
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departinq from the spirit and scope of the appended 
claims. 
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Claims 
l. A method for transferring heat between 

temperature controlled air and a food product in a 
cooking chamber in a microwave oven comprising: 

deliverinq temperature controlled air 
substantially parallel to an axis into a duct havinq a 
surface formed of microwave reflective material; 

dispensing a stream of air from said duct into 
the cooking ~hamber in a direction generally 
transverse to said axis; and 

reciprocating said duct about said axis such that 
said microwave reflective surface on said duct 
reflects and distributes microwave enerqy in the 
cooking chamber. 

2. A method of transferring heat according to 
Claim i, the·step of delivering temperature controlled 
air substantially parallel to an axis into a duct 
comprising the steps of: 

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: 

delivering air through a tubular member; and 
mounting said duct f ~r reciprocal movement about 

said tubular member. 

111111111111111111111111111111 · 
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4. A ~eth~d of transferring heat between 
temperature controlled air and the food product 
according to Claim 1, the step of deliverinq 
temperature controlled air substantia~ly parallel to 
an axis into a duct comprisinq the steps of: 

drawing spent air resulting.from impingement of 
said stream on the food product along an air return 
path; 

positioning a foraminous member having passages 
formed therein such that said spent air flows through 
passages in said foraminous member, said foraminous 
member being configured such that airborne particles 

··in said spent air are retained by said. foraminous 
member. 

5. A method of transferring heat according to 
claim 4, said foraminous member being formed to 
prevent passage of microwave enerqy along said return 
path past said foraminous member. 

11\llllj Ill~~ U~l 111~ 111\11 
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6. Apparatus for transferring heat between 
temperature controlled air and a food product in a 
microwave oven comprising: 

plenum means having an air return opening; 
outlet means on said plenum·means having a 

central axis; 
an elongated duct having microwave reflective 

surfaces and-having an entrance opening-and an outlet 
opening; 

means supporting said duct for reciprocal 
movement about said axis; and 

coupler means for placing said entrance opening 

in said duct in fluid 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 
cooking chamber and consistent heating of a food 
product in the cooking 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. about said 
axis. 

8. Apparatus for transferrinq heat between 

temperature controlled air and a food product 
according to Claim 6, said elongated duct having 
microwave reflective angularly inclined surfaces. 

\ \\\1\\1111\11 \\\11 II\~ II 1\\1 
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9. Apparatus for transferring heat between 
temperature controlled air and a food product 
according to Claim 6, with the addition of a second 
elonqated duct having microwave reflective surfaces 
and having ~n entrance opening and an outlet openinq, 
said coupler means moving said ducts such that said 
microwave reflective surfaces on each of said ducts 
move at different periodic phases at the same periodic 
frequencies such that one duct is in the middle of its 
range of movement when the other duct approaches an 
end of its range of movement to distribt.:!.te· microwave 
enerqy within the cooking chamber. 

10. Apparatus for transferring heat between 
temperature controlled air and a food product 
accordinq to·c1aim 9, each of said elongated ducts 
having a microwave reflective fin which rotates about 
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 
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 sur.faces provide uniform energy 
distribution of microwave energy within the cooking 
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 food product. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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12. Apparatus for transferring heat between 
temperature controllei air and a food product 
according to Claim 6, with the addition of: insulated 
bumper pins in said cooking chamber for positioning a 
pan in spa~ed relation from walls of said cooking 
chamber. 

13. Ap~aratus 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 
portion of said outlet means. 

14. 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 
a direction substantially parallel to said axis about 

which said duct reciprocates. 

is. Apparatus for transferring heat between 
temperature controlled air and a food product 
according to Claim a, said outlet opening in said duct 
being conf iqured to dispense a stream of air to 
impinge against the surface of a food product. 

I lllllll llllll lllll lllll ll llll 
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16. Apparatus for transferrinq heat between 
temperature controlled air and a food product 
according to Claim 6, with the addition of: 

a f oraminous member having a subs~antially planar 
surface and having deflected portions forming passages 
permitting flow of air through said passages in a 
direction generally parallel to said planar portion of 
said f oraminqus member such that the directio~ of air 
flowing generally perpendicular to said f oraminous 
member enroute to said return opening in said plenum 
is changed from a first direction generally 
perpendicular to said f oraminous member to a second 

.··direction generally parallel to said foraminous member 
and then to a third direction generally perpendicular 
to said foraminous member. 

17. Apparatus 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 
foraminous member. 

18. Apparatus .for transferring heat between 
temperature controlled air and a_ food product 
according to Claim 16, said deflected portions of said 
f oraminous sheet being formed to provide passages on 
opposite sides of said deflected portions wherein 
streams of air flowing in a first direction generally 
perpendicular to said f oraminous member forms a 
plurality of streams of air flowing generally parallel 
to said f oraminous member which collide to change 
direction to said third direction generally 
perpendicular to said foraminous member. 

11111111111111 1111111111111111 
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19. Apparatus for transferring heat between 
temperature controlled air and a food product 
accordinq to Claim 18, said passages in said 
f oraminous member being configured to prevent passage 
of microwave energy through said foram.inous member. 

20. Apparatus for transferring heat between 
temperature controlled air and a food product 
comprisinq: -

a cabinet having an interior-compartment; 
conductive top, bottom, front, side and rear 

walls on said cabinet extending around said 
compartment; 

a plenum wall, said plenum wall forming a plenum 
in said compartment having an opening to provide an 
air return path; 

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

microwave reflective surfaces extending into said 
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 
movement between said extremes of movement when 
another of said microwave reflective surfaces reaches 
an extreme of said range of movement. 
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21. Apparatus for transferring heat between 
temperature controlled air and a food product 
accordinq to Claim 20, with the addition of foraminous 
partition means having a central portion and 

. . 
extremities conf iqured to encircle a portion of said 
cooking chamber such that said air heating chamber 
extends around a major part of the periphery of the 
cooking chaDLber wherein air is drawn along m~ltiple 
paths toward said side walls and toward said rear wall 
from said cooking chamber. 

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

a sheet·havinq portions deflected outwardly in 
opposite directions from the plane of the sheet to 
form passages throuqh which air flows in a direction 
qenera1ly parallel to the plane of the sheet while 
blockinq air flow in a direction generally 
perpendicular to the plane of the sheet. 

23. Apparatus for transferring heat between 
tem~erature controlled air and a food product 
according to Claim 20, said air dispenser comprisinq: 

a plurality of air dispensinq ducts; and 
means pivotally supporting said air dispensing 

ducts in said heating chamber. 
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24. Apparatus for transferring heat between 
temperature controlled air and a food product 
according to Claim 23, with the addition of: 

drive means connected to each of said air 
dispensing ducts for causing said ducts to move in 
unison asynchronously. 

25. Apparatus for transferring heat between 
temperature controlled air and a food product 
accordinq to Claim 24, said drive means connected to 
each of said air dispensing ducts comprising: 

a motor; 
a drive member driven by said motor; and 
a pluralit7 of links extending between said drive 

member and said air dispensinq ducts, one of said 
drive members being positioned relative to the other 
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 
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 ~eans 
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. 

11111111111111 111111111111 1111 
* C L M S * 



5 

5 

5 

5 

W096/39790 PCT/US96/0953S 

40 

27. A microwave oven acccrdinq to Claim 26, said 
at least two air dispensers comprisinq: 

a plurality of air dispensing du~ts; and 
means pivotal1y supporting at least two of said 

plurality of air dispensing ducts in .said heating 
chamber •. 

28. A microwave oven according to Claim 27, said 
means associated with said air dispensers for 
asynchronous movement of said dispensers comprising: 

drive means connected to each of said plurality 
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: 

a plurality of spaced partitions in said heating 
chamber dividing said heating chamber to form a 
cooking chamber and an air heating chamber, said 
partitions beinq conf iqured to block passage of micro­
wave energy into said air heating chaml::ler while 
permitting flow of air from said cooking chamber into 
said air heatinq 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 
extends around a major part of the circumference of 
the cooking chamber wherein air is drawn along 
mµltiple paths from said cooking chamber. 
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31. A microwave oven according to Claim 30, s~id 
partition means comprising: 

a removable oven liner having a configuration 
approximatinq that of said cookinq chamber such.that 
surfaces on said liner form f oraminous walls around 
said food product to collect splattered material 
resulting from heatinq the food product. 
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