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3,221,729
OVEN SUPPLIED WITH HOT AIR THROUGH

FORAMINOUS DUCT-SHELVES
Silas V. Beasley, East Dundee, and George K. Harding,
Jr., Carpentersville, Ill,, assigners to McGraw-Edison
Company, Milwaunkee, Wis., a corporation of Delaware

Filed Oct. 22, 1962, Ser. No. 231,978

3 Claims. (CL 126—21)

This invention relates to ovens, and more particularly,
to ovens for preparing foods and reconstituting and pre-
paring frozen foods.

Conventional forced air circulating ovens deliver heat-
ed air at one side and withdraw the air from the oven
at the opposite side. Although this method of circula-
tion is adequate for numerous uses, it is less than satis-
factory when the oven is used for defrosting and heating
frozen foods. Under such conditions the incoming air
is cooled to the extent that the food may be burned near
the inlet while it is still raw near the outlet.

The practice used to overcome this difficulty in most
current commercial units designed for such use is to make
the oven very narrow so that the drop in air tempera-
ture during travel across the oven is not great enough
to cause a material impairment of the operation. This
approach does not solve the problem, but rather limits
the severity of the disability to a condition that is
tolerable and results in an oven poorly adapted to quan-
tity. cooking. Such an oven does not possess a sufficient
flexibility for use in preparing food items of common
size or conventional quantity due to the restriction im-
posed by the narrow configuration.

The present invention provides an oven wherein heated
air is circulated into the processing portion of the cham-
ber continuously across the width to accomplish a more
equalized delivery of heat throughout the width traversed.
By so doing the dimensions of the food processing en-
closure may be selected on the basis of greatest utility
and the enclosure located at the most convenient height
rather than being limited to a tall unit of narrow width.

This method of air circulation that makes possible a
truly effective frozen reconstituting oven also-measurably
improves the results obtained when the unit is utilized as
a conventional oven. Ordinarily, 2 commercial type oven
takes the form of a relatively static chamber with the
heating elements disposed within the chamber at locations
calculated to yield the most even heating. To overcome
irregularities that occur in oven temperatures at various
locations, blowers have been frequently added to create
turbulence within the chamber and distribute heated air
more uniformly throughout.

Units incorporating the preferred embodiment of this
invention, described hereafter, have been found to bake
faster and more evenly. For example, sheet cakes that
required 25 minutes of baking time in a regular com-
mercial oven were done in 15 minutes, and similarly
bread normally requiring 40 minutes was baked in 25
minutes in oven incorporating the subject invention. In
both instances the completed baked preduct was done
evenly throughout. With respect to the bread, there was
no identifiable difference in the browning of the loaves
baked in any location within the oven. It has also been
found that in most instances the initial baking period at
a higher temperature may be eliminated when the present
invention is used.

It is an object of this invention to provide an improved
oven for food preparation and reconstituting frozen foods.

It is a further object of this invention to provide for
delivery of heated air above, below and around the food
articles in the amount necessary to provide even heating
in all areas of the oven.
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It is also an object of this invention to provide an
oven that may effectively-defrost and heat frozen foods
in an oven of conventional dimensions that can readily
be converted to use as a conventional oven.

It is also an object of this invention to provide an
oven wherein it is possible to readily increase or de-
crease the size of the food preparing areas to accommo-
date smaller or larger articles.

It is also an object of this invention to provide an im-
proved forced air circulating oven having means for
controlling the volume rate of air flow through the food
preparing compartment. :

It is also an object of this invention to control the hu-
midity of the air in an air recirculating system by effec-
tively sealing such system from the atmosphere.

It is a further object of this invention to provide an
oven that will bake goods evenly irrespective of location
within the oven in a shorter time.

These and other objects and advantages of this in-
vention will become apparent from the following descrip-
tion when taken in connection with the accompanying
drawings, wherein:

FIG. 1 is a front elevation of the oven of thig inven-
tion with portions broken away;

FIG. 2 is a schematic representation illustrating the
path of air circulation of the oven of FIG. 1;

FIG. 3 is a section view taken along line III—III of
FIG. 1;

FIG. 4 is a view of the oven side wall at the inlet side
as viewed from the interior of the oven;

FIG. 5 is a section view of a portion of the side wall
taken along line V—V of FIG. 4 and including two shelf
inlet end portions;

FIG. 6 is a front elevation of one of the article sup-
porting ducts;

FIG. 7 is a side elevation of the article supporting duct
of FIG. 6;

FIG. 8 is an exploded view of the article supporting
duct of FIG. 6; and

FIG. 9 is a fragmentary view of the porous sheet ma-
terial used to form the duct surfaces with the fold lines
for the overlapping fiange portion indicated thereon.

Referring to FIGS. 1-3, the forced air recirculating
oven 18 is shown with the food processing enclosure or
oven chamber 12, and the associated air circulating as-
sembly which is associated therewith included within a
liner 14 that is thermally insulated from the exterior shell
15 by insulating material 16. The oven chamber 12 has
a series of vertically spaced horizontal slotted openings 18
in the side or end wall 2§ through which air is received
from the air inlet duct 22. Duct 22 extends from the
outlet end 24 of the heating chamber 25 upwardly be-
tween the side wall 20 and the inner shell surface 26 and
extends from the front to the rear of the oven chamber
12. An outlet duct 28 adjoins the opposite side or end
wall 30 of the oven chamber 12 and is similarly formed
between the side wall 3¢ and the liner wall surface 31
extending over the full depth of the wall in air receiv-
ing communication with the oven chamber through the
vertically spaced series of horizontal slots 33. The out-
let duct 28 has a lower terminal portion that communi-
cates with the blower 35. The blower 35 receives air
at the suction side 36 from the outlet duct 28 and de-
livers air to the heater chamber 25.

Within the heater chamber are a series of sheath elec-
trical resistance heating elements 37. - These elements are
controlled by a conventional thermostatically operated
switch (not shown) for maintaining a predetermined
temperature within the oven chamber, which control cir-
cuit forms no part of this invention and will not be fur-
ther described.
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With the oven closure door 38 in the closed position,
the oven chamber 12, outlet duct 28, blower 35, heater
chamber 25 and inlet duct 22 provide a substantially
sealed recirculating path for continuously circulating
heated air through the food processing oven chamber as
schematically shown in FIG. 2. These portions of the
total oven strncture are thermally insulated from the ex-
terior shell 15. The blower rotor 39 is mounted at one
end of shaft 40 and is driven by a pulley 41 secured to
the opposite end of the shaft that is in turn connected
by the V-belt 42 to the motor 43 which is disposed in
the machinery compartment 45 and thermally insulated
from the heated portion of oven 18.

Within the oven chamber are a series of intermediate
shelves 47 which are removable and upper and lower
ducts 48 and 49 respectively which are not readily re-
movable in use. The intermediate shelves 47 and the
lower duct 49 are, in fact, article supporting ducts, serv-
ing the dual purpose of delivering air to the chamber 12
and supporting articles placed in the oven. At the inlet
side wail 20 the slots 18 communicate with the interior
of the shelves 47 which have perforate horizontal surfaces
as will be more fully described below. At the outlet side
wall 38 the slots 33 which allow the air to be withdrawn
from the oven chamber 12 are intermediate the shelves 47.

FIGS. 4 and 5 illustrate the oven side wall 28 adjoin-
ing the inlet duct 22 having the vertically spaced horizon-~
tal openings 18 formed therein. A series of vertical angle
members 51 extend through the inlet duct 22 to provide
support for the oven wall 26 and an anchorage for the
screws 53 which secure the shelf supporting angles 54
within the oven chamber 12. The angles are oriented
to present a shelf supporting horizontal surface 53 im-
mediately below the respective inlet 18 so that a shelf
supported thereon will be aligned with the associated
cpening.

Overlying each shelf supporting angle is a baffle 57
formed by an angle member having one surface adjoining
the side wall and another surface adapted to overlie the
inlet end of the article supporting duct. The bafile is
vertically adjustable and affords a selectively operable
restriction for the associated opening 18 when the shelf
47 is removed. Each baffle 57 is loosely secured to the
oven wall 29 by a pair of baffle pins 58 secured to the
oven side wall 28 and extending through the L-shaped
slots 69 in the respectively associated baffle. The baffle
pins are secured to the oven wall by means of a series
of associated weld nuts 59 mounted on the oven side wall
20 within the duct 22. When the shelf 47 is installed,
as in the uppermost location shown in FIG. 5, the baffle
57 rests on the upper shelf surface 62 and serves to re-
strict the flow of air between the upper shelf surface and
the oven wall 28. When the shelf 47 is withdrawn the
baflle 57 can either be lowered by allowing it to lower
vertically in the forwardmost position to restrict the open-
ing %8 or can allow the opening 18 to remain unrestricted
by lifting to the uppermost position and moving the baflle
rearward to have the pin engage the horizontal portion
of the L-shaped slot 66 remote from the vertical portion
of the slot 60.

In FIG. 3 the outlet side wall 30 of the oven is seen
from the outlet duct 28. The series of four vertically
disposed angie members 63 provide support for the hori-
zontally slotted wall 3¢ and also supply an anchorage
for the screws 635 that secure the shelf supporting angle
members 66 (FIG. 1) to the interior surface of the oven
wall. It will be noted that the horizontal slots 33 are
located between the shelf supports 66 to afford alignment
intermediate the supported shelves 47.
~ The details of the shelves 47 are best shown in FIGS.
6-9, wheréin the uppet and lower duct portions 67 and
68 respectively are formed of sheets of perforate material
as illustrated'in FIG. 9. In practice a metal sheet having
14" circular openings on %’ centers has proved to afford
the proper porosity in an oven of the standard 54" width.
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The upper and lower duct walls in the illustrated embodi-
ment are foraminous with a free opening area of approxi-
mately 35 percent uniformly distributed over the forami-
nous poriions, which portions are interrupted only by the
supporting angle members 7¢ and the marginally over-
lying sheet 74 which are described below. The upper
and lower surfaces are fabricated with downwardly and
upwardly extending marginal flanges 6% respectively along
the edges extending between the side walls 20 and 30 of
the oven. A series of angle members 78, which are spot-
welded along the horizontal surface confronting the adja-
cent perforated sheet, are equidistantly spaced from iront
to rear between the confronting interior duct surfaces and
serve to space the perforate sheets and add rigidity to
the shelf structure intermediate the supported ends there-
of. With the upper and lower duct portions 67 and 68
assembled as shown in FIG. 7, a series of sheet metal
screws 73 secured through the overlapping flanges retain
the portion together as a unitary structure.

Overlying the perforate structure at the inlet end of
the duct are sheets 74 of imperforate sheet metal which
are spot-welded to the upper and lower duct surfaces and
extend over the entire depth of the shelf. The same
structure may be achieved by using sheets of metal that
have not been perforated over that portion of the surface
area that would otherwise underlie the sheets 74. Par-
ticularly with respect to the upper horizontal shelf sur-
face, by using such a structure a uniform surface, free
of irregularities can be achieved that is only duplicated
with sheets 74 when the latter are recessed into the
article supporting surface of the shelf.

The operation of the oven is illustrated schematically
in FIG. 2, wherein the blower 35 delivers air to the heat-
ing chamber 25 where heat is supplied by the heating ele-
ments 37. The air then passes through the inlet duct
23 and is delivered through the openings 18 to the per-
forate ducts 47, 48 and 49. The imperforate initial por-
tion of the duct establishes a horizontal flow of air length-
wise across the duct 47 which, in concert with an adequate
static pressure gemerated by the blower 35, serves to
equalize the air delivery to the oven chamber throughout
the perforate surface of the duct. The air enters the food
processing portion of the oven throughout the length of
the perforate portions of the ducts as indicated by the
small arrows A, with some air entering along the inlet
edges of the duct which are purposely not secured to the
inlet slots 18 in gas tight relation. The air delivery is
proportioned through the free opening of the duct surface
to effect a uniform heat delivery throughout the width of
the oven chamber 12. The air is withdrawn, or in the
case of a non-recirculating oven would be allowed to
vent, at the outlet side of the oven through the openings
33 and returned through the outlet duct 28 to the blower
35 to be recirculated.

By utilizing the structure shelf the high temperature
air enters the food processing portion of the oven across
the entire width thereof, eliminating the problem of ex-
cessively hot air at the inlet and unduly cool air at the
outlet. Consequently, the width need not be restricted
since heated air of a like temperature is delivered about
the articles being processed at any location within the
oven chamber. This even heat delivery is vital to recon-
stituting and preparing frozen foods and very markedly
improves the results obtained when used for conventional
baking.

This oven may also be effectively used for roasting
large items such as turkeys or roasts by removing all or
a portion of the intermediate shelves 47. It can be used
as a single compartment by removing all the shelves, or
divided into two compartments by utilizing a single inter-
mediate shelf. Under those conditions a portion of the
baffles 57 are adjusted to open the inlet slots to achieve
adequate air circulation. Using the closed circuit sub-
stantially sealed recirculating air path of this oven for
roasting, air in a saturated condition is recirculated during



3,221,729

5

the roasting process which substantially reduces shrink-
age and yields a more tender, higher quality roasted food.

Although but one embodiment has been shown and
described, it will be apparent to those skilled in the art
that various changes and modifications may be made
therein without departing from the spirit of the invention
or from the scope of the appended claims.

We claim:

1. A food processing oven comprising an enclosure
having first and second parallel vertical side walls and a
front opening; a closure door mounted on said enclosure
for selectively closing said front opening; a plurality of
vertically spaced horizontal ducts extending between and
removably supported on said first and second side walls,
said ducts each presenting a foraminous horizontal upper
supporting wail portion and a lower foraminous wall por-
tion and defining vertically spaced food processing spaces
therebetween wherein the sole horizontal support surfaces
for articles to be processed in said oven is provided by the
upper surfaces of ducts having foraminous air delivering
surface portions; a plurality of elongated horizontally
extending inlet openings in said first side wall respective-
ly communicating with said plurality of ducts; a plurality
of elongated, horizontally extending outlet openings in
said second side wall respectively communicating with
said food processing spaces intermediate said ducts and re-
spectively vertically offset from said inlet openings; said
ducts having imperforate upper and lower wall portions
extending a predetermined distance from said first side
wall; a plurality of closure members slidably mounted on
said first side wall respectively adjacent said plurality of
inlet openings and selectively operable to restrict said
inlet openings when the duct associated with said inlet
opening has been removed; enclosed air passage means
exterior of said enclosure interconnecting said inlet open-
ings and said outlet openings whereby a continuous re-
circulating air path is established; air circulating means
disposed in said passage means for delivering air through
said first side wall inlet openings and withdrawing air
through said second side wall outlet openings; heating
means disposed in said passage and thermal insulating
means disposed about said enclosure and said air passage
means.

2. A food. processing oven comprising an enclosure
having first and second side walls and a front wall with
an access opening therein; a closure door for selectively
closing said access opening; a plurality of vertically
spaced inlet openings in said first side wall; a plurality
of article supporting ducts horizontally supported within
said enclosure respectively in air receiving alignment with
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said inlet openings, each of said ducts having upper and
lower horizontal walls extending between said first and
second side walls, each said horizontal wall including an
imperforate marginal portion adjoining said first side wall
with the remaining area thereof being foraminous with a
substantially uniform distribution of openings throughout
said foraminous area, said ducts being of shallow con-
struction of the vertical height of any such duct being
substantially smaller than the height of the space inter-
mediate any two adjoining ducts; outlet opening means in
said second wall communicating with said enclosure ex-
terior of said ducts; and means for circulating heated air
into said enclosure through said inlet openings and with-
drawing air from said enclosure through said air outlet
opening means,

3. A food processing oven comprising an enclosure
including first and second parallel side walls; a plurality
of vertically spaced horizontally extending article sup-
porting ducts mounted within said enclosure having fo-
raminous upper and lower horizontal wall portions and
defining vertically spaced food processing spaces there-
between; a plurality of. air inlet openings through said
first side wall respectively communicating with said ducts;
said ducts having imperforate upper and lower wall por-
tions extending a predetermined distance from said inlet
opening, whereby a generally horizontal flow of air is
established through the portion of each of said ducts ad-
joining said air inlet openings; a plurality of air outlet
openings in said second side wall respectively communi-
cating with said food processing spaces; and means for
circulating heated air into said enclosure through said
inlet openings and withdrawing air from said enclosure
through said air outlet openings.
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