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@ Heat and mass transfer apparatus.

@ An apparatus in a cooking device, e.g., an oven (10), is
disclosed for enhancing heat and mass transfer during the
food cooking process. The apparatus applying differently
controlled corona currents to food surfaces in order to
reduce cooking times relative to cooking times of conven-
tional ovens. Two low potential electrodes, one fixed (42)
and the other movable {44}, are provided in the oven and
food, located intermediate the electrodes, is maintained at a
high potential. A pair of electrically conductive fields for
supporting corona currents at predetermined different coro-
na current densities are defined between each electrode and
its nearest food surface. Electrical circuitry is provided for

maintaining a constant corona current flow in each one of .

the two electrical fields and each electrical field is controlled
to support corona current flow at a different optimum
density found to maximize heat and mass transfer. In
operation, the corona current density in one electrical field is
electrically monitored to adjust the high potential supplied to
the food in order to maintain optimum corona current
density in that electrical field. The corona current density in
the other electrical field is electrically monitored to elec-
tromechanically adjust the movable electrode towards and
away from the food, according to the high potential of the
food, in order to maintain optimum corona current density in
the other electrical field.
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BACKGROUND OF THE INVENTION

‘1. Field of the Invention

. This invention relates to apparatus used in gqpl_cing'
devices, i.e., ovens of '.Ehe‘ type employing heat elements to cook
the food through a conveétive and conductive heat transmitting
cooking process. More @particularly, the -invention concerns
apparatus for maximizing the*transfer of heat énd mass durin.g the

cooking process so that relative cooking times of £foods - are

reduced.

2. Description of the Prior Art
In ovens of the aforementioned type, a £film or thin

layer of staénant air is known' to adherently form at outer
exposed food surfaces. during the cooking process. Tﬁis film
acts as. an insulator that effectively impedes‘ rapid transfer' of
heated air molecules to the.food. Conversely, rapid transfer of
mass molecules, i.e., moisture, away from the food is also
restricted by this insulating film. Consequently, the overall
cooking efficiency of the oven is hindgared by t,he formatio,nv Qf
the stagnant layer of air.

w,?tys'_of -improving heat transfer to overcome the thermal
insulating problem posed by the film are addressed in the prior
art. A particular solution to this problem is suggested in U.S.
Patent No. 4,238,668, granted to H. William Maimuen on December 9,

1980. Mammem discloses an oven fixedly equipped with a pair of
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fixed conductive guide ledges operatively maintained at a fixed

-- non-variable =-- DC potential. A conductive field grid element

is maintained at a different fixed =-- non-variable -- DC!

potential with respect to the ledges. A conductive food

‘supporting rack or tray removably bridges the guide ledges so

that an electrical field is created between the field grid

element and the food on - the rack or tray during the cooking

process.. The field grid elenient and. the ledges are operated at
different potentials for supéorting current flow in the field.
The grid element is made .manually adjustable to accommodate
different food sizes. Adjustment of the field grid element is
made prior to cooking, and after it is adjusted, the grid element
remains stationary in the oven throughout the cooking process. .

The apparatus -taught in Mammen impi:oves heat transfer in

conventional ovens. However, it suffers from a number of

deficiencies a;rlong which is the requirement that the operétoi at
least check and if needed to make the adjustment of the grid
element prior to all cooking operations. This responsibility is
a nuisance and a burden for the operator. Another disadvantage
is that there are no practical means provided for moving the grid
eiement to compensate for foods that change in volume during the
cooking process, e.g., bread dough that rises. Yet another
deficiency is attributed to the failure of Mammen .to recognize
the importance of maintaining constant current in the field to
maximize the heat and mass transfer. This is evident bécause h\e
fails to disclose voltage adjusting means that automatically
chainges the field current to compensate for electrical impeéance

in the field air that is changing during the cooking process.
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Consequently, maximum heat transfer is not accomplished during

the entire cooking duration.  Still another deficiency resides in

the improved heat transfer apparatus being only applied at one

food surface. This allows the heat retarding film to form along

"the remaining food surfaces to restrict heat transfer at those

surfaces.

Prom the foregoing, it is understood that apparatus of the

. prior art falls short of providing. maximum heat and mass transfer

performance. In view of the prior art deficiencies, it ig
further understood that there is a need to make a more efficient
heat and mass transfer apparatus which is more convenient for the.

operator to use.
SUMMARY OF THE INVENTION

~ The'_ prxe's'ent invention s-ets forth apparatus in a cc.>okin3
device. that operates to provide continued enhanced heat and mass
transfer throughout all cooking operations. Moveover, this is
accomplished in an automatic manner . without requiring undue
operator attention. ‘ '

To achieve this the apparatus includes a pair of low
potential electrodes having food to be cooked maintained at g
high potgntial; The food is supported on électriéaliy insulative
rods situated intermediate the electrodes. A variable high
voltage supply ' is electrically connected to an electrica’
conducting probe made to be removably inserted directly into alf

foods for supplying high potential to the food. According to the

. preferred arrangement, one electrode is fixed and the otheR

| ﬁ
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electrode is movable with respect to the food. The fixed
electrode is located in spaced rela'.tion beneath the £ood tc;
define a first electrical field for supporting a found optimumi
corona current density. An electrical circuit includes ag
édnstant current high voltage control circuit operable to.mdnitor!
corona current present in the first field and to 'transmitf
therefrom a electrical sigmal to the high voltage supply. Thei
electrical signal is utilized in the high voltage supply tb‘
adjust its voltage output to the food. fhe voltage to the foodf
is regulated to maintain optimum corona current density in the;
first field. The movable electrode is adjustably suspended above:
the food to define a second electrical field for supporting
another found optimum corona current density. An electrode
adjusting circuit includes a motor control circuit, a motor drive;
zircuit and a motor operable for moving the movable electrodei’
throqgh operation of a mechanical drive'méans towards and aw?y;
from the food. fhe motor control circuit is electrically
connected to monitor corona current present in the seconé field
and is connected to the motor drive circuit for activating the
motor to adjustably move the electrode towards or away from the
food in order to maintain the optimum corona current density in
the second field. - |

It is known that by subjecting food being cooked to un
electricali field supporting corona current, heat and mass
transfer 1is improved. Applicant has discovered that by
continually applying an optimum corona current density, having a.
small tolerance range, to the food the cooking efficiency of the

oven is improved. Accordingly, the present apparatus is made to
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provide and maintain optlmum corona current density in two
electrical fields to maximize heat and mass transfer over tha

duration of the cooking process.
OBJECTS OF THE INVENTION

It isr therefore an oJbject of the present invention to|
provide apparatus in a cooking. devxce that continually maximizes
heat and mass transfer so as to mlnlmlze cooking times.-

Another object -of the present invention is to provide
improved cooking apparatus that wutilizes electrical fields
supporting an optlmum corona current densxty for efficient and

fast cooking of foods.

A further object of the presént invention is to provide
enhanced heat and mass transfer oven apparatus thaé contlnually
adjusts the_ -voltage supplied to the food to compensate for
changlng electrlcal lmpedence in the oven air for maintaining a
constant optimum current density ln. each electrical field
throughout the cooking process. _ 4

Other advantages and features of the invention will become

evident from the following description and claims taken in

conjunction with the appended drawing.

*
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a front perspective view of an oven egqguipped

with an apparatus constructed in acco?dance with the teachings of

. the present invention.

Figure 2 is a front elevational view showing a partial
section of the oven chamber-when cooking food using conventional
elements and*showing.an enlarged representation, in dashed lines,
of an in§ulating film that forms about food being cooked.

Figure 3 is a .schematic diagram of  the prese.nt apparatus
showing electrical circuitry components in block diagram form.

Figure 4 is a top view showing an electrode configuration
according to the preferred embodiment of the present invention.

Figure 5 is a detailed schematic showing electrical elements
comprising three of the circuitry blogks of Fig. 4.

Figure}ﬁfis a_detaiied schematic showing electrical elements
compr%fing the two Voltage Protector circuitry blocks of Fig. 4.

figure 7 is a de£ailed schematic showing electrical elements
comprising the Motor Drive circuitry block of Fig. 4.

Figure 8 is a detailed schematic showing electrical elements
comprising fwo of the ciicuitry blocks of Fig. 4.

Figure 9 is a graph showing cooking time in relation to food
temperature for comparing the cooking procegs using.conventional
cooking elements, and using the present apparatus En conjunction
with the conventional cooking element to demonstrate the
enhancing heat transfer process accomplished by the present

invention.

#oe
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Figure 10 is a graph showing éooking time in rcelation to
food. weight for comparing the two cooking processes of Figure 9
to demonstrate the enhanced mass transfer accomplished by the
present invention.
a Figure 1llA is a graph showing cooking cycle time in relation
to corona current density applied from above the food.

Figure 1l1lB is a graph s“howi'n§ cooking cy.cle time in relation
to- c.orona current density applied fi'om“ below the food. o

Figure 1l1C is a graph showing cooking cycle time in relation

to simultaneously applying corona current density from aboVe and

.below the food.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the drawings, there is shown in Figure-1l a
. A
cooking devi;ce' preferably an oven 10 having embodied therein

appara‘f’us constructed in accordance with tl%e teachings of i:he:i
presex;t invention. Generally, oven 10 is built to house food forg
cooking in a box-shaped chamber 12 defined, in part, by a back'
v;a.ll 14 supporting spaced apart left and right side walls 16 and.
18. A front door 20. is hinged to the wall 16 for manual
manipulation. betweken an open (shown) and. a closed position.
wherein the door 20 is abutting an edge 22 of wall lé. | A lower
stat'ionary plate 24 defines a lower boundary of the chamber 12.:
A plurality of legs 26 are attached to a base 28 of oven 10 for,

supporting the plate 24. An upper movable plate 30 defines an!

upper boundary of the chamber 12. This plate 30 is shown located:

to rest in a retract position near a top casing 32 of oven 10.
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when the disclosed system is OFF. The upper plate 30 is movable
vertically by action of _.a drive mechanism means 34 including a

rotatable drive screw 36 +hread coupled to plate 30 as is

described in detail below. It is understood thét the actual

‘cooking cavity size of the chamber 12 is made to vary according

to adjustable vertical positions of the movable plate 30. A
plurality of elongated électrical insulator rods 38 are
horizm.'xtally_ supported by the side walls 16 and 18 in a straight
parallel relation to traverse the chamber 12 at a location spaced
above lower plate 24. These rods 38 are made from a suitable
insulating material having electrical isolation properties, such
as, a silica material. A door interlock switch 40 is mounted
along edge 22 of wall 18 for contact actuation by the door 20,
such timat, the switch 40 is OFF when door 20 is open and .the
switch 40 is ION when the door 20 is shut. The functional
purpose of ;he"'door interlock switch 40 is explained in 'greéter
detail’_in connection v;rith the description of the circuitry of
Figure 8.

As is common in conventional cooking ovens there is provided
a lower electrical heating element 42 and an upper electrical
heating element 44 for controlled heating of chamber air to cook
the food. The lower hea;:ing element 42 is supported fixed on
Plate 24 and the upper heating element 44 is attached so as to be
carfied by the movable plate 30. These heating elements 42, and
44 are electrically connected in a usually manner to an ON-OFF
power selector switch 46 conveniently located on a front panel 48
of oven 10. An ON-OFF EHT (enhanced heat transfer) selector

switch 50 is located adjacent the power switch 46 and is

1o -
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operatable to selectively control main electrical power to
operate electrical «circuitry of the present system. A

temperature control knob 52 is also on the panel 48 to permit the

operator to adjustively select a desired oven temperature

-setting; as is nofmal. The upper and lower heating elements 42,

44 are thermostatically controlled by a temperature sensor
elemént 54 exposed to oven  air as is common in' conventional
electrical cooking dvens.

Figure 2 illustrates food resting on the insulator rods 38
in chamber 12 during a coﬂVentional cooking operation.
Generally, heat wave arrows 56 illustrate therm.al energy carried
by the oven air from the heating elements 42, 44-.in a direction
extending towards the food for cooking. This widely used method
of cooking is known to produce a thin film or 1'ayér 58 of thermal
insulating stagnant air that adheringly forms at external food
surfaces'dur_j.-n'g a «::onventional cooking process. The fiim 58 is
represlointed within dashed lines 60 and is exaggerated thick in
the érawing for clarity | sake. This film 58 is known to
effectively impede the rate of heat and mass transfer between
oven air and the food and to, thus, reduce the overall cooking
efficiency of oven 1l0.

It is known in the art that by subjecting an external fooq
surface to a corona current during the above desc.:r:ibed normal
cooking process of Fig. 2, the rate of heat transfer may be -
improved and cooking times may be reduced. Effectively, the
corona current operates to overcome the heat transfer restriction

presente&l by the film 58. However, the. use of corona current in

connection with cooking food is limited in the prior art and

10



P

R

0185784 ° -
. i
previous corona current generating apparatus fails to maximize
the - rate of heat and mass transfer throughout the cooking
process. Accordingly, the presentj invention discloses a
plurality of electrical fields utilized to maintain an op'timum
.ébrona current density in the fields so as to maximize heat and
mass transfer throughout the cooking process. The graphs of
Figures 9, 10, 1lla, 11B ~and 1ll1C described below, clearly
demonstrate- a* substantial cooking improvement with respect to
reduced cooking times achieved by using the present apparatus
enhancing heat and mass transfer. .

Generally, in Figure 3 there is shown. the present aéparatus,
denoted by reference numeral 62, illustrated in schematic form
embodied in oven 10 of Fig. 1. Block diagrams, represent
electrical components of the present apparatus 62. There. is
disclosed-a first grid array of needle-like members 64 fixedly
mounted uprig_hf: on the lower plate 24. The needle members 64 Aare
slight{.'y__ tél;ped ;axtending from lower plate 24 towards the food to
termii{ate at a sharply pointed tip 66. Needle members 64 are
made from an electrical conductive metallic material.
Collectivély, "the lower array of needle members 64 on plate 24
form a first or fiked electrode 68. A central segment 70 of
electrode 68 includes needles 64' (these needles having a prime
designate symbol) electrically isolated from the néedles 64 of
an encircling dependent segment 72. A suitable electrical
insulating material 73, i.e., an electrical insulating ceramic,
is bonded to plate 24 so as to join the central segment 70 to the

dependent segment 72 having electrical isolation therebetween.

The needles 64' of the isclated segment 70 are electrically

11
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interconnected among themselves and the needles 64 of the
dependent segment 72 are eleétricélly interconnected among
themselves. The fixed electrode 68 is spaced below the rods 38
én- an aligneé parallel orientation with respect to a bottom
's;zrfacé 74 of the food. The rods 38 are thin enough ahd are
arranged so _thaﬁ they are periédically' distributed out of
vertical relationship to the needles 64‘and 64'. The spaced gap

between: electrode'-68 and food surface:r 74 defines a first

electrical field 76 for supporting corona éurrent density as

described. It should be pointed out that an exact geometry,

number and spacing relationship among all needles 64 and 64' need
not be limited, provided optimum cotona current density as set
forth in this disclosure is attainable in the field 76.
Generally, one preferred arrangemeni‘of needles é4, 64' is
shown in Figure 4 wherein the needles 64, 64' are arranged in
straight evgn';ows.and columns equally spaced apart. As can be
seen in,this view, the central isolated segment 70 is preferably
rgctangularally shaped, however, the segmeﬁt 70 may be square or
arranged in other suitable configurations beneath the food.. It

is to be further understood that the exact number of individual

needles 64, 64' comprising each segment 70 and 72 of electrode 68

need not be 1limited provided the food is aligned above the

isolated segment 70 to completely cover all needles 64°'.

The present invention utilizes corona current measured in

: terms of corona current densities. Therefore, the area and the

! number of needles 64' and 78' comprising the isolated segments 70

and 88 needs to be known in order to establish the circuitry for )

monitoring the corona current density in the electrical fields 76

12
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and B84. In the preferred embodiment the central isolated

segments 70 and 80 are constructed' alike and each contains
twenty-four (24) needles 64' and 78' equally spaced apart about
one~half inch. .

' Continuing in reference to Figure 3, there is shown another
grid array of needle-liké members 78 attached to proiect

downwardly from the movable plate 30. These needles are

- identically shaped -and arranged on plate 30 like the needle 64 on

lower plate 24. Metallic needle members 78 have a sharp-pointed

tip 80 spaced above a second food surface 82 to define a second

electrical field 84. Collectively, needles 78 and 78' on movable

élate'30 form a second electrode 86 which is also constructed

having a central isolated segment .88 comprising needles 78'

(denote@ by a prime) and a surrounding -dependent segment 90
having needles 78. Electrical insulting material 92 is bonded
along plate}}ﬂ to electrically isolate the central segment 88
from tfg dépendent segment 90. The needles 78' of the central
segmeﬂt 88 are interconnected among themselves and the needles 78
of the independent segment 90 are interconnected among
themselves. Thus, the signifipant. distinction betﬁeen the two
electrodes 68 and §6 resides in the fact that the lower electrode
68 is assembled to remain stationary with respect to the food and
the upper electrode 86 may be moved vertically with respect to
the food.

In accordance with an important aspect of the present
invention, it has been discovered that by applying a constant or
very nearly constant corona current density in each one of the

respective electrical fields 76, 84, heat and mass transfer is

13
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enhanced. Moreover, enhanced heat and mass transfer has been
found to most effectivel'y occur when -the fields 76 and 84 are

continually regulated to constantly support a found optimum

corona current density. Applicant has discovered that when the

.corona current den'sity in electrical field 76 is maintained at 25

t #A per J‘.nch2 maximum heat and mass transfer is found to occur at

2 is considered an optimum

corona cufrent density rate for the lower fixed electrical field
76. Abbreviation A is a common symbol representing a
microampére equalling. one-millionth of an ampere. This optimum
corona current density rate in field 76 is noted to have an
acceptable tolerance ranging between 15 _«A per inch2 and 35 «A
per inchz. Accordingly, a corona current density rate within the
acceptable stated range for field 76 provides maximum or very
nearly maximum heat and mass transfer at food surface 74.
aAdditionally, ‘it has been discovered that when the corona current
density in the upper electrical field 84 is maintained at 15uA
per inch 2 maximum heat and mass transfer is found to occur at
‘food surface 82. Thus, 15 uA per inch 2 s considered an optimum
corona current density rate for the upper electrical field 84.
Also, optimum corona current density in electrical field 84 is

found to have an acceptable tolerance ranging between 5 A penr

.inch®? ana 25 MA per inch?. A corona current density within the

acceptable stated range for field 84 provides maximum or very
nearly maximum heat and mass transfer at food surface 82. The
effectiveness of applying the optimum current densities to the
food during the cooking process is graphicly demons'trated in

connection with Figures 1lla, 1l1B and 1l1C. .

14
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In orde: to most efficiently operate, electrical fields 76

and 84 need to be controlled so that they constantly support;
optimum or nearly optimum corona current density all during the

cooking cycle and from one cycle to the next. 'Maintaining

-constant corona current density presents a problem because the

electrical impedance in each electrical field 76, 84 is different

and continually changing during the :cooking process due to

. different temperatures, different moisture content about the food

and different potential supplied to the food.

The above-statéd.problem is évercome through the cooperative
functioning of the electrical block components shown in block
diagram form in Figure 3. Generally, three electrical component

blocks including a Constant Current High Voltage Control 94, a

High Voltage Power Supply 96 and probe 98 are associated with the

ixed elecérode 68 for maintaining constant optimum corona
\ .

current dengif& in the first field 76. The components incluaing

a Motog Control block 100, a Motor Drive 102, a motor 104 and the

drive means 34 are associated with the movable electrode 86 for

maintaining constant optimum corona current density in the field

“84.

It should be pointed out that the circuitry of the present
apparatus 62 is electrically set-up to operate ;he electrodes 68
and 86 at a. low potential with respect to ground and relative to
the food which is kept at an adjusted high potential. However,
reverse potential relationship is recognized as being operable.
The preferred disclosed potential relationship offers the
advantage of'permitting a relatively compact oven construétion

because the high potential £food needs only to be electrically

15
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isolated from chamber walls 14, 16 and 18 to prevent current
loss. In a reverse _ potential situation, high potential

electrodeg would need to be kept away from the walls 14, 16, 18,

to prevent current loss and, thus would require a much larger

-chamber.

A broad overview of the circuitry of apparatus 62 will now
be given in reference to thHe block diaéiam portion of Figure 3.
As. seen in that Figqure, the Constant Current High Voltage Control
unit 94 is connected to the isolated.segment 70 by a 1line 106
electrically coupled to needles 64' for carrying conducted
current generating through the field iG. The Constant Current
High Voltage Control, 94 is connected to the High Voltage Power
Supply 96 by a 1ipe 108. An output line 110 from the High Voltage
Power Supply 96 is electrically coupled to the néedle probe 98
for conducting the positive high voltage éupplied to the food.
The food pnobfe 98 has a needle-shaped end 112 supporting' an
insulating grip handle 114 so that the probe 98 may be insertably
excha;ged to the food before and after cooking. ‘

Electrical components 94, 96 and probe 98 interoperate to
control the corona current density in the electrical field 76 by
continually adjusting the high potential supplied to the food in
order to maintain constant optimum corona current density in that
electrical field 76. To accomplish this, geﬂerally, the
conducted corona current on line 106 from needles 64' is supplied
to the Constant Current High Voltage Control 94. This block 854
operates to convert the conducted corona current to a negative
output voltage signal appearing on ;ine 108. This output voltage

signal on line 108 is inversely related to the'conducted corona

16
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current on line 106. That is to say, a relativel&'llasz’g#tivei
conducted corona current on line 106, due to the field 76
supporting corona current density below optimum, is converted in
block 94‘ to a proportionaily raised negative voltage output
signal appéaring Sn line 108 and relatively high positive
conducted corona current on line 106, due ' to the field 765
supporting corona current dénsity above optimum, is converted to
a' proportionally lowered negative voltage output signal- appearing
on line 108.. The negative output voltage signal on line 108 i§
fed to the High Voltage Power Supply 96 wherein it is utilized tec
prdportionally adjust its voltage output on the line 110 to the
food - through the probe 98. The High Voltage Power Supply 96
operaﬁes to supply a positive high voltage tp the food in
respénse to receiving the negative voltage signal. The High
Voltage Power Supply 96 is caused to lower its positive voltage
output when%tﬁé signal on line 108 is a low negative voltage and
it is caused to‘raise its positivé voltage output when the signal
bn line 108 is a high negative voltage. Thus, the high potential
of the set food is continuously regulated to maintain optimum
corona current density in the £field 76 throughout-the cooking
précess.

Also, in connection with the lower fixed electrode 68 there
is shown a Voltage Proteétor block 116 electricall§ coupled to
receive voltage from along a line 118 connected to the needles 64
of the dependent segment 72 and from aleng a line 120 tapped to
receive the voltage on the line 106 from the isolated segment 70
of the electrode 68. The Voltage Protector block 104 is coﬁpled

to ground and operates to limit --keeps low-- the voltage allowed

17
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to enter the Constant Current High Voltage Control 94. 1In this
manner, conventional electrical' elements in block 94  are
protected against receiving any sudden high surging of voltage,
such as, may occur during arcing.
| Turning now to the block diagrams associated with the upper
' movable electrode 86 in Figure 3, there is shown the Motor
Control circuit 100 connected to sense conducted corona current
appearing on a lin€. 122 from needles 78' of the isolated segment
88. Motor Control circuit 100 operates to generate a voltage
output signal on a line 124 exteﬁding to Motor Drive block 102.
The voltage output signalvon line 124 from the Motor Control 100
is proportionally based on corona current conducted on iine 122.
A relatively high voltage output signal is caused to appear on
line 124 when the conducted corona current on line 122 ‘is causeé
py a high corona current in field 84 above optimum. Conversely;
a relatively 1ow voltage output signal is caused to appear on
line 124 when thé conducted corona current on line 122 is causeq
by a low corona-current in field 84 below optimum. Two outpu£
lines 126 and 128 connect the Motor Drive block 102 to the Moto;
104 having a rotatable shaft 130. A suitable Motor 104 is 3
bi-directional AC synchronous induction type commercially
available from Bodine manufacturer identified as type 34T2. The
Motor Drive block 102 operates to actively couple a-selected one
of the two lines 126 or 128 to ground in response to receipt of a
high or a low voltage signal on line 124 from the Motor Control
112. Grounding of line 126 causes the motor shaft 130 to rotate
in one direction and grounding of the line 12§ causes the ﬁotcr

shaft 130 to rotate in its other direction. When the voltage

18
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signal on the 1line 124 is caused by optimum corona current
conducted on line 122 neither of the lines 126 or 128 is grounded

and there is no shaft 130 rotation. Rotating shaft 130 due to

grounding of the line 126 causes the movable electrode 86 to

"move, through operation of the drive means 34, upwardly away from

the food. Upward movement of electrode 86 is in response to
corona current density in ‘the electri;:él field 84 being above
optimum, Raising’ electrode 86 above the food ‘effeétively
increases the electrical impedance in the field 84 to thereby
reduce the corona - current dénsity to food surface B82.
Conversely, rotating shaft 130 dpe f.Q grounding of line the 128
causes the movable electrode 86 to move downwardly. Downwardly
motion of electrode 86 is in response to corona current density
in electrical field 84 being below optimum. -Moving the electrode.
86 towards the food effectively reduces the impedance in the
field 84 toe.'éxereby increase the corona current density to food
surface 82. If the corona current density in tﬁe electrical field
84 is at optimum, the movable electrode 86 is caused to remain
stationary.

Generally, the mechanical drive means for moving the upper
electrode 86 towards and away from the food is denoted at 34.
Drive means 34 includesﬂ a bevel gear 132 fixed to rotate with the
motor shaft 130. An élongated shaft 134 is suitablyr supported
for rotating movement aﬁout its axis 136 orientated in
perperdicular relation to motor shaft 130. Three spaced apart
bevel gears 138, 140 and 142 are fixed aiong the shaft 134. The
first gear 138 is' in meshing relation with the bevel gear 132 so

that the elongated shaft 134 is caused to rotate in conjunction

19
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with rotating movement of the motor shaft 130. A vertical power
drive screw 144 and the power drive screw 32 are thread coupled

to power drive the movable electrode 86. The two drive screws

144, 32 each fixedly carry a bevel gear 146, 148, respectively.
- These bevel gears 146, 148 are in mesh with the gears 140, 142,

respectively. Thus, it is shown that the movable electrode 86 is

coupled to move vertically from the Motor 104 through the

above-described. mechanical drive means 34. The direction of -

vertical.displacement (up or down) of the movable electrode 86 is
dependent upon the direction motor shaft 130 is caused to rotéte.
It is to be understood that the disclosed mechanical drive means
34 is preferred, however, other mechanical elements, e.g., cables
supported on pulleys, may be utilized to displace the electrode
86 through operation of the Motor 104.A The above-des;ribed
components 100, 102, Motor 104 and the mechanical drive means 34
interoperate- to maintain constant corona current density in thg
electg}cal field 84 by adjustively displacing the movable
elecﬁrode 86 towards and away from the food to continually seek
optimum corona current density. |

In connection with the upper movable electrode 86 there isg
provided a Voltage Protector block 150 electrically coupled to
receive voltage from along a line 152 connected to needles 78 of
the dependent segment 90 and from along a line 154 tapped from
liﬁe 122 connected to needles 78' of the isoléted segment 88 of
electrode 86. The Voltage Protector block 150 is coupled to
ground and operates to limit -- keeps low — the voltage entering

the Motor Control 100 and an Arc Control block 156 to protect
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these blocks 100, 156 against exposure to a high transient!

voltage surge, that may result from arcing.
In the event the corona current density in the electrical

field 76 and 84 becomes extremely small or removed completely,

-such as occurs when the electrical power in the High Voltage

Power Supply is cut-off, downwardly displacement of the movable
electrode 86 must be stopped to prevent the electrode 86 from
colliding with the food in seeking increasgd corona current.
Accordingly, a Crash Protector 158 is coupled to receive | a
voltage signal appearing from along a line 160 coupled from the
Constant Current High Voltage Control 94. An output line 162
extends from the Crash Protector 158 to the VMotor .Control 100.
The Crash Protector 158 is actively operated when an éxéessively
low corona current is conducted on line 106. This 1low input
signal causes a high potential signal to appear on the line 160.
The high potential signal on line 160 causes block 158 to;

generate a high negative output signal on the line 162 to the

‘Motor Control 100. The high negative output signal on line 162

takes priority over any signal from amplifier 1B in the Motor
Control 100 (Fig. 5) and causes a high potential signal to appear?
on line 124 which, in turn, is supplied to the Motor Drive 102
for causiné the Motor 104 to retract upwardly the movable.
electrode 86. When the conducted corona current .on line 106
returns to within the optimum range, the high potential c;utput
signal disappears from line 160 causing the high negative output
signal to disappear from line 162 and allows normal operation of

the Motor Control 100.
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Another high voltage protective circuit is found in the Arc
) |
Control block 156. This block 156 has an input line 164 tapped

from line 152 for carrying the corona current conducted from the!

dependent segment 90 of upper electrode 86. An output line 166

.from the Arc Control 156 extends to a Door Interlock block 168.i

The door interlock switch 40.operable by door 20 is in series on
line 166 intermediate Arc”Control 156 and the Door Interlock
block' 168 as shown in Figure 8. Arc>Control 156 operates in
response to excessively high conducted current on the line 164;
such as may occur under an'ércing condition at depending segment
90. Normally, the output ‘signal from the Arc Control 156 on line
166 permits normal operation of the present system. When the
conducted current from line 152 to line 164 is excessively high
due to arcing,- the Arc Control 156 operates to generate a high!
output signal on the line 166 supplied to the Door Interlock 168'
wherein it is. utilized as described below ..~ |

TEe Door Inteflock block 168 is electrically coupled to the
High Voltage Power Supply 96 by lines 170 and 172. Normally, no
current flows on these lines 170 and 172. A line 174 extends
from the Door Interlock 168 to the Motor Control 100 and a line
176 extends to the Constant Current High Vgl‘tage Control 94.
Generally, the Door Interlock 168 functions to interrupt
operation of the High Voltage ‘Power Supply 96 and to retract
upwardly éhe movable electrode 86 when the door 20 i§ opened or
when arcing occurs across field 84. Additionally, the Door
Interlock.l68‘operates to limit ﬁhe voltage-butput on line 108

from the Constant Current High Voltage Control 94 to regulate a
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slow turn on of the High Voltage Power Supply. 96 when power is
restored in the system and the door 20-is closed.

In normal operation, conhucted current on line 164 produces
no activating potential signal on line 166 from the Arc Control
156 to the Door Interlock 168 and there is no activating
potential signal on lines 174 and 176, and no current flowing _
from line 174 to line 170. - When the door 20 is opened or when a
high potential signal is on line- 166 from the Arc Control block
156, the Door Interlock 168 operates to generate a high potential

signal on output lines 174 and 176, and continuity is provide to

allow current flow between lines 172 and 170. The high éotential

output signal on line 176 causes the output 108 of the Constant
Current High Voltage Control 94 to go negatively low to a limited
paximum potential value for preventing an initial high boltage
surge from occurring on line 108 when the forming of an arc is
suppressed‘gr'when the door 20 is reclosed. The high potential
outpug/on;line 174 caus?s the Motor Control 100 to generate a
high negative output signal on line 124 utilized for.retracting
the movable electrode 86 upwai:dly. Current continuity between
lines 172 and 170 causes the High Voltage Power Supply to
interrupt its power output on line 110.
Having given a broad overview of the operation and function
of the various circuitry block components of apparatus 62, a
detailed'description will now be given to describe the electrical
elements in each individual block.
In each circuit block there is contained a composition of
conventional electrical elements including electriéal compohents

that are commercially available and made to operate in a known

23



ri

o S ————— -t 14 4% it3
. e ———— PR

0185734 |

conventional fashion. Preferred assigned values of individual

electrical elements, e.g., kohms K of resistors and microfarads

|
MF of capacitors, are shown in the drawing.

Beginning now with the description of the -electrical

-elements comprising the Constant Current High Voltage Control

block 94 shown in Figure 5. The +I

IN1 signal sensed on line 1061

~is due to conducted -corona current from the isolated segment 70

through- electrical field 76. The conducted corona' current,
+IIN1' is applied through a precision resistor 175 (1.0K) having
a 1% accuracy. The conducted current on line 106 generates a
positive voltage across resistor 175 which voltage is
proportional to the corona current flowing betweéen the isolated
segment 70 and food surface 74. An adjustable potentiometer 178
has a negative 15 volt supply at --15VSl and is setup to provide a
negative bias reference potential vﬁEFl across a fixed resistor
180 (1X) on.a line 182 tapped to the line 106. The voltage from
resisggr 175 is summed with the negative bias voltage supplied by
VREFl and the net voltage is supp;ied to a minus input terminal 2
of an operational amplifier 1lA. The net voltage at terminal 2 is
normally a net negative potential because the negative bias of
VREFl is preset to be no;mally a higher potential value than the
positive voltage across resistor 175. A positive input terminal 3
of operational amplifier 1A is served by a potent‘ial across a
resistor 184 (1K) on a line 186. A capacitor 188 (2.2 ..F) and
spaced reversed diodes 190, 192 extend in pérallel relationship
connected between lines 106 and 186 and collectively function to

protect amplifier 1A from being damaged by preventing any high

transient voltagé surge from entering amplifier 1A. The
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operational amplifier 1A is a conventional component preferably:

comprising one-half of a Low Power Dual Operational 2amplifier,

such as, one identified as LM 358 in a 1980 Linear Databook!

published by National Semiconductor Corporation of Santa Clara,'k

California. An output terminal 1 of amplifier 1A is electrically:
coupled to a line 194. The line 160 is tapped from line 194 for

transporting an output voltage signal from amplifier 1A to the
|

_ Crash Protector 158 where it is utilized as described below. An'

operational control feedback circuit fér amplifier 1A includes a
resistor 196 (1l00K) ‘and a capacitor 198 (1lO0AF) extending in
parallel relation connecting line 160 to the line 106. The
output voltage signal on line 194 is coupled Fhrough a resistor
200 (10K) and then supplied to a minus terminal 2 of another
operatiénal amplifier 2A. The operational amplifier 2A is like
the amplifier 1A, in that it is one-half of another Low Powef
Dual Operatioﬂal Amplifier LM 358 as identified above. & positive
input _terminal 3 of operational amplifier 2A is coupled to
receive a potential signal from along a line 202 supporting a
series resistor 204 (5.1K). A capacitor 206 (Z%MFX and spaced
reversed diodes 208, 210 are arranged in parallel and are coupled
between lines 194 and 202 for voltage protection of amplifier 2A.
Amplifier 2A functions as an inverter for reversing the potential
polarity of the signal received from along line 194. An output
terminal 1 of amplifier 2A generates the inverted voltage signal
onto the output line 108 through a coupling resistor 212 {100K)
to the High Voltage Power-Supply 96. A Zener diode 214 is tapped

from line 108 and has a 6.8 voltage breakdown limit. Zener diode

214 operates to clamp the voltage signal on line 108. An
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operational control feedback circuit including a resistor 216!
(10K) and a capacitor .218 (.luF) are arranged in parallel
connecting lines 108 and 194 across amplifier 2A. A capacitor 220
(22uF) is tapped from line 108 to function as a time constant
control for limiting any sudden appearance of a voltage signal on.
line 108 to gradually supply increasing voltage to the H;‘Lgh'z

- ot !
Voltage Power Supply 96. The line 176 is from the Door Interlock:

- block 168 and through a voltage clamping circuit 222 is

ultimately connected to line 108 by a line 224. The voltage
clamping circuit 222 include a résistor 226 (10K) on line 176
coupled to the base of a transistor 228 whose emitter 230 goes to
ground.- A +12 volt source at +12vsz supplies a load through a
resistor 230 (10K) electrically coupled to the collector side of
the transistor 228. The -i-:LZVsz potential load is also coupled
through a resistor 232 (1.0K) to a transistor 234. When. a
potential VIN' ’signal appears on line 176 from the Door Interlock
168, the clamping circuit 222 operates to provide a positive
potential signal summed to the negative voltage already on line
108. The net result of this causes the output signal on line 108
to be cla.mpéd near zero volts to limit the voltage signal

supplied to the High Voltage Power Supply 96. When the potential

,VIN~signal disappears from line 176, such as, occurs when the

door 20 is closed shut, the charged capacitor 220, limited by the
Zener diode 214, controls the negative turn on voltage on line
108 supplied to the High Voltage Power Supply 96.

In operation of the Constant Current High Voltage Control
94, conducted corona -cur'rent +IINl on line 106 is applied across

resistor 175 to generate a positive voltage signal proportionally
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representative of the corona current flowing in the electrical,
field 76 between the isolated segment 70 and the food surface 74.
This positive voltage signal from resistor 175 is summed with the

rREF1 t© provide a

‘net negative voltage signal at minus terminal 2 of amplifier 1a.

The output signal generating from output terminal 1 of amplifier
1A on line 194 is a positive voltage signal whose value is
proportional. to the net negative voltage signal received at input
terminal 2. The positive voltage signal on line 194 is applied
through resistor 500 and is.supplied to the minus terminal 2 of
amplifier 2A. Operation of amplifier 2A causes output terminal 1
thereof to generate a negative voltage s;i.gnal on line 108 whose
value is proportional to the positive input received at minus
terminal 2 of amplifier 2a.

In order for enhanced heat and mass transfer to occur at
food surface 94, the corona current at the lower fixed electrode
68 needs to be regulated so t'hat the corona current density in
electrical field 76 is maintained at a constant current flow rate
found to maximize heat and mass transfer. Applicant has
discovered that a cantrolled field 76 supporting an opfimun
current density of 25uA per inc‘h2 and having an acceptable
tolerance deviation from optimum ranging from 154A per inch2 to
35 uA per inch2 provides maximum heat and mass transfer
irrespective to oven air temperature and from one cooking cycle
to the next.

In the preferred embodiment, the isolated segment 70 has &
known area supporting 24 individual needles 64' equally spaced

about .5 inch apart. In order to obtain the optimum corona
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current density (25 ,aA/inz), each needle Q1‘85?e§4:ates.
approximately 6.254A. When optimum corona current is in field
76, the conducted current +IINl on line 106 is approximately 150
uA and the resulting negative voltage signal on line 108 is in a
-range between -.5 volt to -4 volts for operative control cof the
High Voltage Power Supply 96 to adjust its.voltage output on line
110. 1If, for example, the corona current density at isolated
segment 70 goes above optimum (ZSI#A/inZ), the conducted current
" on line 106 increases above 150 4tA and pos’itive voltage from
resistor 175 is summed to  the Veppy Signal causing the net
negative voltage signal to decrease at the minus terminal 2 of
amplifier 1A. The output terminal 1 of amplifier 1A is then
caused to generate a reduced positive voltage on 1line 194

supplied to the minus terminal 2 of amplifier 2A. The output on

line 108 from amplifier 2A is decreased to a lower negative

voltage valueffor causing the High Voltage Power Supply 96 to
reducelits voltage.output on line 110 supplied.to the food and
thereﬂy reduce the corona current in field 76 towards optimum
density. The reverse operation occurs when the corona current
goes below optimumn. This described electrical system continues
to operate in this fashion to stabilize current flow in field 76
throughout the cooking process. The signal on line 108 may vary
between any negative voltage between -.5 volts and -4 volt
necessary-to cause the High Voltage Power Supply 96 to regulate

|
its voltage output on line 110 for maintaining optimum corona

current in the field 76.

h Regarding the High Voltage Power Supply block 96 of Figure

3, this component is a constant current output DC (direct
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A)

B)

C)

D)

E)
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G)
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f both adjustable and regulated.

INPUT

-

ADJUSTABLE OUTPUT
CURRENT RANGE

OUTPUT CURRENT

MAX OUTPUT POWER

NORMAL OUTPUT
LOAD IMPEDANCE
RANGE

NORMAL OUTPUT
LOAD CAPACITANCE

OUTPUT CURRENT
RIPPLE

OUTPUT LOAD FOR
SETTING OUTPUT
CURRENT
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positive high voltage supply whose output current is

the following electrical requirements are met.

105 to 135 VAC (Voltage
alternating current) / 60 HZ
(Hertz)

0.5 MA.(milliampers) to 4.0 MA,

‘via a DC Voltage, 0.5 volts to

to 4.0 volts

The design of the unit may be

made in any suitable fashion by one skilled in the art provided

with a linear relationship. Input

impedance of this terminal ...
to be greater than 100 K
(kilohm).

+ 20% of adjustment setting
(includes output current
regulation), i.e., with input
voltage of 2 volts, output
current = 2 MA + 20% with all
loads. '
100 Watts at 4 MA :
Note: 35 KV (kilovolts) is max.
allowable voltage. ‘

2 Megohms to 200 megohms
(resistive)
400 PF (Picofarad)

Less than 20% of DC wvalue

5 Megohms for 4 MA at 20 KV
5 Megohms for 0.5 MA at 25 KV

Note: Output current must be adjustable and maintain
regulation down to an output voltage of 2 KV,
into the normal resistive load range, and load

_capacity.

OUTPUT CURRENT
SETTLING RESPONSE

BLEED-OFF

1 Second max. to within 5% of
its final value.

Must bleed-off to within 5% of
initial value in less than 2
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seconds.
K) OSCILLATOR . Greater' than 20 KHZ (kilohertz)
FREQUENCY
L) CONVECTION 30 -CFM to be provided for
COOLING output heat sink.

The High Voltage Power Supply 96 is equipped with
conventional electrical - elements suitabiy arranged to operate,
such that, its positive voltage output on line 110 to the probe
98 . is- regulated in proportion to the: received siénal from along
line 108 generating from the Constant Current High Voltage
Control 94. A relatively high negative input from along line 108
regulating a proportionally higher poéitive voltage output on
line 110; a rg%gtively low negative input from along line 108

regulating a proportionally lower positive voltage output on line

110.

-

Referring now to Figure 6, there is ‘shown conventional
electrical q;éments comprising the Voltage Protector block 1ll6.
The 1iEe 118 carries current conducted from the dependent segment
72 of electrode 68. A resistor 236 (1K) is in series on line
118. The line 106 carries current conducted from the isolated
segment 70 of electrode 68 and two diodes 238, 240 are arranged
in reversed parallel relation so that voltage on line 106 is
clamped to a low voltage approximating .6 volts. A Zener diode
242 is coupled across resistor 236 for clamping the voltage at
the dependent segment 72 in ‘the Voltage Protector 1l16. The
electrical elements comprising block 116 are arranged to set a
low voltage limit that the Constant Current ﬁigh.Voltage Control
94 may receive in order to prevent it from exposure to any sudden

high voltage surge, such as may occur during arcing.
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Turning nbw. to a detailed description of electrical
components for controlling vertical displacement of the movable
electrode 86, there +@is shown in Figure 5 conventional electrical

elements comprising Motor Control block 100. Conducted corona

-current on line 122 +IINZ from the isolated segment 88 of

electrode 86 is applied to a precision resistor 244 (1.0K) having
a 1% accuracy to precisely define the voltage of the +Topo
signal. The volt;ge from resistor 244 is ©proporticnally
representative to the corona current flowin§ in the electrical
field 84 between the isolated segment 88 and the food surface 82.
This voltage signal on line 122 is normally positive and needs to
be amplified to a proportionally higher voltage value in order to

be operationally utilized by ensuing circuitry. To accomplish

this the voltage signal from resistor 244 on line 122 is fed to

an operational amplifier 1B at a minus ~ input terminal 6.

Amplifier 1B forms the other half of the Low Power Dﬁal
Operatgonal Amplifier LM 358 mentioned in connection with
amplifier 1A in the Constant Current High Voltage Control block
94. Generally, amplifier 1B operates to produce a voltage gain
at output terminal 7 of approximately 100 times over the voltage
signal received at terminal 6. A second input terminal 5 of
Amplifier 1B is served by a resistor 246 (1K) in series on a line
248. To protect the operational amplifier 1B agaiﬁst receiving
any damaging high transient voltage, there 1is provided a
capacitor 250 (Z.é/uF) and two diodes 252, 254 connected in
reversed parallel between the lines 122 and 248.° The voltage
multiple gain from operation of amplifier 1B is generated.from

the output terminal 7 onto a line 256.- A capacitor 258 (0.1uF)
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and a resistor 260 (100K) are connectea in parallel between lines
256 and 122 to provide operational ‘feedback for amplifier 1B
operation. From 1-:he output terminal 7, the signal from

amplifier 1B is applied through a resistor 262 (220K) in series

-6n line 256. An adjustable potentiometer 264 has a +12 volt

source at -i-lZVVS3 to provide a preset positive offset bias
reference potential VREFZ across a resistor 266 tapped to the
line- 256. The offset reference- potential VREFZ is summed with
the voltage from output terminal 7 of the ampiifier 1B to provide
a net offset potential feé to a minus terminal 6 of another
operational amplifier 2B. Additionally, another (normally) fixed
offset voltage signal is differently applied at the positive
input terminal 5 of amplifier 2B, which offset signal is providecd
by a positive 12 volt source at +1284 and applied to resistors
268 (51K) and 272 (15K). Amplifier 2B forms the other half of
the Low Power Dual Operational Amplifier LM 358 mentioned in
connection‘_wij:h the amplifier 2A in the Constant Current High
Voltage Control 94. Operational amplifier 2B has an output
terminal 7 for emitting a positive output. signal applied to a
resistor 274 (1K) on the line 124 extending to Motor Drive 102.
The positive output signal generating from amplifier 2B has &
proportionally inverted relation to the net negative offset
potential received at minus terminal 6. a ,

In operation of the Motor Control 100, conducted current
+:[IN2 applied through resistor 244, generétés a positive voltage
signal on line 122 proportional to the éqrona ‘current flowing in

the electrical field 84 between the isolated segment 88 and the

food 'surface 82. This positive voltage on line 122 enters
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amplifier 1B at minus terminal 6. As a result, the output

potential signal generating from output terminal 7 of amplifier
1B onto line 256 is a proportionally increased negative voltage
signal. The negative voltage signal on line 256, across resistor

262, is summed with the positive bias reference voltage supplied

by Veppa t© provide a net offset negative voltage at minus
terminal 6 of amplifier 2B.~ This net ne{;ative voltage is further

- offset by the positive differential voltage applied at positive

terminal 5 'of ampiifier 2B, so that, if V is properly

REF2
adjusted according to when the desired corona current (90 uA) is
being conducted on line 122, the output terminal 7 of amplifier
2B will be generating a positive voltage approximating 6 volts

for input V to the Motor Drive 102. Thus, operation of

IN2
amplifier 2B generates a positive voltage signal on line 124
Qhose value 1is inversely proportional to the received offset
ﬂegative voltane.

A,,capacitof 278 (4.7 MF) and a resistor 280 (-Slk) are
connected in parallel between lines 256 and line 124 to provide
an operational feedback signal to amplifier 2B, as is common.
Alsco in connection with amplifier 2B, there are provided two
diodes 282 and 284 arranged in reversed parallel relation across
input lines‘ 256 and 174 for high voltage protection of amplifier
2B. A ground diode 286 is coupled to line 124,

In c;rder for enhanced heat and mass transfer to occur at
food surface 82, the corona current at electrode 86 needs to be
adjusted so that the corona current density in electrical f£field

84 is maintained at a current flow rate foupd to maximize heat

and mass transfer. Applicant has discovered that a controlled
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field 84 held at an optimum c;urrent density of 15;.9.1;:%15 Z&ﬁz and

having an acceptable tolerance deviation from optimum ranging

2

from S,uA per irxch2 to 254A per inch” provides maximum heat and

mass transfer irrespective to oven air temperature and from one

.cooking cycle to the next.

~In the preferred embodiment, the isolated segment 88 has an
area supporting 24 needles 78' equally spaced about .5 inch
apart. In order to obtain the optimum corona current density (15
#A/inz), it 1is desired that each needle 78' generates
approximately 3.75 uA. Therefore the conducted corona current
+I g, On line 122 is about 904A and the resultant voltage Ving
appearing on line 124 .due to operation of the electrical
components in the Motor Control block 100 is about 6 volts
supplied to the Motor Drive block 102. If the conducted corona
current +IINZ is above 90 A on line 122, the output voltage
generating f.'rém amplifier 1B on 1line 256. increases negatively
which, when summed with the positive offset bias reference

REF2 and the differential reference voltage from VS4
causes the amplifier 2B to generate a proportionally increased
positive voltage on line 124 above 6 volts. Conversely, if the

conducted corona current +I is below 90 A on line 122, the

IN2
output voltage generating from amplifrierb 1B on line 256 decreases
negatively and the resultant positive voltage signal.on line 124
goes belox;z 6 volts.

In Figure 7, electrical elements comprising the Motor Drive

unit 102 are shown in schematic form. Basically, the Motor Drive

102 includes a conventional Low Power Low Offset Voltage Dual

. Comparator component 'comprising a pair of high precision
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comparators SA and SB. A suitable electrical component
containing the two comparators S5A and 5B is identified by the
number LM 393 in the 1980 Linear Databook published by National

Semiconductor Corporation of Santa Clara, California. Comparator

,SB has a positive input terminal 3 coupled to receive the VINZ

voltage signal from the Motor Control 100 on 1line 124.

Simultaneously, the V 2 voltage signal is supplied to a negative

IN

- terminal 6 of the other comparator 5A via a line 288 tapped from’

 the input line 124. A negative input terminal 2 and a positive

input terminal 5 of comparators 5B and 5A, respectively, are
individually powered to operate from a single power supply
comprising a suitably known DC linear voltage regulator 290 o{
the type having a +12 volts +12VDc supply. A line 292 extending
from regulator 290 carries the +12 . volt supply to a line 294
Yaving three series resistors 296 (82K), 298 (10K) and 300.(82K).
Resistors. 2Q§'and 300 are fixed resistors and the interﬁediatg
resisto;VZBS ig'a variable resistor adjusted to provide a preset
dead band voltage having a small value ranging between resistors
296 and 300, so that the reference Yoltage for amplifier 5A is
higher than the reference voltage for amplifier 5B. A line 302
is tapped from 1line 294 for transporting the higher reference
voltage to the positive terminal 5 of comparator B5A. Another
line 304 is tapped from line 294 for carrying the lowér reference
voltage to the negative terminal 2 of comparator SB. The
reference voltage signal on lines 302 and 304 sever to operate
comparators 5A and 5B, respectively, in response to the

comparators 5A, 5B receiving the V voltage signal from the

IN2
Motor Control 100. A first DC filter capacitor 306 (.O%gri is
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tapped from line 292 and coupled to ground for 03827 &4 thej
+12V potential ‘from the .'voltage regulator 290. A second filter]
capacitor 308 (.l/uF) is tapped from lines 294, and a thirad filter}
capacitor 310 (.luF) is tapped from line 304 for control of the
.reference voltages supplied to the comparators S5A and 5B,|
respectively. An output terminal 7 of comparator 53, isT
electrically coupled to an ocutput line 312. An output terminal 1'
of comparator 5B is electrically coupled to an output line 314,
An operational feedback resistor 316 (1l.5M M denoting megohm)
connects line 312 to line 302 for operatively controlling the
comparator S5SA. Another operational feedback resistor 318 (1l.5M)
connects 1line 314' to -line 288 operatively controlling the
comparator 5B. A first transistor 320 has its base coupled to
receive a signal from along the line-312. A resistor 322 (2K) is'
connected from 1line 292 to 1line 312 to provide a pull-—up!
potential on line 312 and to hold transistor 320 ON when the Vi,
voltage signal on line 124 is less} than the reference voltage on’
line 302. The emitter side of transistor 320 is coupled to
ground and the collector side of transistor 320 is coupled to a
line 324 extending to control switching eperatiom of a:'
conventionally known AC operating powered triac Ty A pull-up
resistor 326 (2;() ‘is connected from line 292 to the line 324 to
supply the necessary potentiai to control eperation ‘of the triac
‘lfz. A secondr trans;iétbt 328 has its ‘be'se ceﬁpled to receive a
signal from along the line 314. A resistor 330 (2K) is connected
from line 292 to the} line 3_14 “to provide >e'pull-up potential on‘
line 314 and to hold ti:ansistor 328 ON when the VINZ vol.tage

signal on line 124 is greater than the reference voltage on line
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304. The emitter side of transistor 328 is coupled to ground and
the collector side of transistor 328' is connected to an output
line 332 extending to control switching operation of another
'conventionally known AC operating power triac Tl. A pull-ur
resistor 334 (2K) is connected from line 292 to 1line 332 ta
supply the necessary potential to control operation of the triac

™

T,. Triacs T, and T; are connected to receive a remote AC common

power source. (supplied through. the High Voltage Power ‘Supply 96)

at VAC 1

a line 338 to terminal 1 of triac Tl' The 1line 126 is

appearing on a line 336 to terminal 1 of triac T, and on

electrically coupled to terminal 2 of triac T, and is coupled to
the Motor 104. The line 128 is electrically coupled to terminal

2 of triac T, and is electrically coupled to the Motor 104. #A

1
first resistbr-capaqitor series combination 340 is connected
between line 336 and line 126, across triac Tz . and is coupled to
ground at 34:3; and via a line 344. A second resistor—capacitof.
series combination 346 is connected between line 344 and lin;e
128, écross . triac Tl and is coupled to ground 342. The twgi;
resistor-capécitor circuits 340 and 346 function as snubbers :'L;.’\
that they serve to prevent any peak transient voltage in thf,
system.from accidently turning *_;he triacs T, and T, ON. A thirozl
resistor-capacitor series combination 348 is connected between
motor lines 126 and 128 and function to control opération of the
Motor 104 as discussed below. Remaining electrical elements in
the Motor Drive 118 include a resistor 350 (43K) tapped from line

124 to provide a reference to ground 342 for the VIN2 voltage

signal.
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In Figure 7, the above-mentioned AC synchrgn":ogss U84r is
generally shown equipped with a first coil winding Wz and a

second winding W, . Windings W., and W, are interconnected to

2

receive power from a single remote AC power source denoted at
VACZ (supplied through the ‘High Voltage Power Supply 96). The
winding W, ié connected to the line 126 and through triac T, of
the Motor Drive 102 is switéhably coupled to the ground 342. The
other winding Wy is connected .to the line 128 and through triac
Ty of the Motor Drive 102 is switchably coupled to the ground

342, When the winding W2 is grounded through triac T.,, the motor

2
shaft 130 is caused to rotate in a direction that powers the
drive means 34 (Figure 3) for causing the electrode 86 to move
upwardly away from the food. Conversely, the electrode 86 is

caused to move downwardly towards the food when the winding Wl is

~grounded through the triac T, - When neither line 126 or 128 is

grounded, __-t-:he shaft 130 remains stationary. The
resistgr-c.apacitor circuit 348 of Motor Drive 102 functions to
shift the AC phase of motor winding Wl' with respect to motor
winding Wz, to be leading or lagging for establishing moto:
rotational direction. ‘

In operation of the Motor Drive 102 and Motor 104, it will

be recalled that, the V 2 voltage signal appearing on line 124

IN
from the Motor Control 100 is approximately 6 volts’ when the
conducted current +IIN2 on"line 122 is at 90}( A. The +6 volts
VN2 signal is simultaneously applied to the minus terminal 6 of
comparator 5A from along line 288 and the plus terminal 3 of
comparator 5B. The éperating reference voltage on the line 302 is

established to be about 6.1 volts. The operating reference
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voltage on the line 304 is esta.blished to be abgt}tag.gsxﬂolts.
The VINz voltage is compared to the dperating reference voltag
supplied to each cbmparator 5A and 5B. When the +6 volt VINZ
voltage sgignal is applied to both comparators 5A and 5B, their
outputs generating on lines 312 and 314, respectively, causé
their related transistors 320 and 328 to be simultaneously
switched to ON whigh, in turn, causes the associated triacs TJ
and T, to be switched to OFF. Neither line 126 nor line 128 is
coupled tﬁ ground 342 when both triacs Tz and Tl are OFF causing
the motor shaft 130 té remain stationary. Thus, the 6 volt VINZ
‘'voltage signal on line 124 falls within a "dead band" reference
voltage between the two operating reference voltages (6.1 volts
on 1line 302 to comparator 5A and 5.9 volts on 1line 304 to
comparator 5B) and the remaining circuitry is effecﬁively in an
equilibrium condition. When the corona current density is above
optimum in ele;trical field 84, the VINZ'voltage signal appearing
on line 124 from the Motor Control 100 goes above the 6.1 volt
threshold set to the comparator 5A. The output voltage
generating from terminal 7 from comparator 5A on line 312 is
increased negatively for causing the transistor 320 to be
switched to OFF which, in turn, switches the triac T2 ON. When
the triac T, is ON, .current on 1line 126 :Ls alloyed to flow
therethrough and the 1line 126 1is coupled to ground 342.
Grounding of 1line 126 directly energizes the winding W2 and
directly energizes winding Wl interposing phase shifﬁing circuit
348 to cause current through the winding Wl to lead the current

through winding W2 and the motor shaft 130 is caused to rotate in

the direction for moving the electrode 86 upwardly away from the

39



‘ 0185784 |
food. Simultaneously, the relatively high Vinz Voltage signal is

applied to comparator 5B and its output causes its related'
transistor 328 to remain ON, which, in turn holds triac T, OFF.
Conversely, when the corona current density is below optimum in
-électrical field 84, the VINZ voltage signal appearing on line
124 from the Motor Control 100 goes below the 5.9 voit thresholq
set to the comparator S5B. " The output voltage generating from
terminal 1 from comparator 5B on line 314 is increased negatively
for causing the transistor 328 to be switched to OFF which, in
turn, switches the triac Tl ON. When the triac T, is ON, current
on line 128 is allowed to flo& therethrough and the line 128 is
coupled to ground 342. Grounding of line 128 directly energizes
the winding Wl and indirectly energizes winding W2 interpbsing
phase shifting circuit 348 to éause current through the windin&
w2 to lead the current through winding Wl and the motor shaft 130
is caused tp:trotate in the opposite’ direction for moving the;
electrede 86 downwardly towards the food. Simultaneously, the
relatively low VIN2 voltage signal is applied to comparator SA
and its output causes its related transistor 320 to rémain ON ané
triac T, to remain OFF.

From the above description of the Motor Control 100 and
Motor Drive 102, it is understood that the movable electrode 86
is controlled to move upwardly and downwardly accofding to the
corona current density in field 84 in relation to optimum.
Effectively, through automatic adjustment of the movable

electrode 86, the electrical impedance in the electrical field 84

is changed to support optimum corona current density. Thus, the
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electrode, 86 is moved to continually Aseek and mgi}ltsafn780§timum
corona current density in the electrical field 84.

Additionally in connection with the operation of the Moto:
Drive 102, the previously described (normally) fixed offset
potential differentially applied at the positive terminal 5 of
amplifier 2B is a switchable offset potential source from +12Vg,
supplied to input terminal-5 throuéh a voltage divider circuit
comprising resistors 268 and 272 coupled to line 174. The line
174 provides a priority potential control for overridihg the
output signal from amplifiex; 1B on line 256 to amplifier 2B when
a high potential signal occurs on line 174 when its conduction to
ground is interrupted aé described in connection with the Door
Interlock 168. The high priority potential from line 174 through
amplifier 2B forces the voltage. on- line 124 to rise to a value
wﬁerely Motor 104 is caused to move electrode 86 upwardly away
from the food.

The line 162 extending from the Crash Protector block 158 is
tapped to the line 256 to provide a second priority control
signal for overriding signal- appearing from amplifier 1B on 1line
256. The second priority control signal’ is a negative offset
potential signal across resistor 276 on line 162 to line 256 and
is caused to occur whenever an excessively low cu.:rent +IIN1 is
conducted. on line 106 of the Constant Current fiigh Voltage
Control 94. Generating the second priority control signal on
line 162 is described in connection with the description of Crash

Protector 158. Generally, the second priority signal is applied

to the minus terminal 6 of amplifier 2B for forcing the output
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potential on line 124 to rise for causing Motor 104 to move
electrode 86 upwardly away from tﬁe food. |

Conventional electrical elements comprising the Voltage
Protector block 150 associated with the movable electrode 86 are
shown in Figure 6 and include like. electrical elements that

operate in the same fashion as the electrical elements comprising

_the lower Voltage Protector™ block 116. " In Figure 6, reference

- numerials- 152 and' 154 coupled to the dependent and isolated.

segments.éo aﬁd 88, respectively .are shown in parenthesis and
correspond to the lower input lines 118 and 120, respectively.
The electrical elements of Voltage Protector block 150 (also
denoted within parenthesis in Fig. 6) operate to 1limit high
transient voltage og line 122 to the Motor Control 100 and on

line 164 to Arc Control 156 for voltage protection of the!
i
electrical components in unit 100 and 156.

L
¢

Turning%ﬁbw to the description of the electrical elements,

|
comprising the Crash Protector unit 158 shown in Figure 5. This!

circuitry 158 is electrically connected to the Constant Current!
High Voltage Control 94 by the line 160 and to the Motor Control
block 100, by the line 162. Generally, the Crash Protector 158
operates to retract the movable electrode 86 when éorona current
in the electrical field 76 becomes extremely lo@ --far below
optimum--, such as occurs when the electrical powér.in the High
Voltage Power Supply 96 is switched to OFF. 1In this regard the
electrode 86 is prevented from seeking increased corona current

and subsequently contacting the food when high voltage is

removed.
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To accomplish this, line 160 is £apped from 1line 194 to
receive the positive output signal generating from amplifier 1A
in the Constant Current High Voltage Control block 94. Line 160
supports a series resistor 354 (100K) to supply a potential
.signal to a minus input terminal 6 of an operational amplifier
4B. This amplifier 4B 1is like the amplifier 1B of the Motor
~ Control 100 in that it~ also forms one-half of another'
conventional Low- Power Dual Operational Amplifier LM 358 as
previously mentioned. A plus input terminal 5 of amplifier 4B is
electrically coupled to receive a reference potential supplied by

VREF4 on a line 356. The reference potential V may be

REF4
supplied by an adjustable potentiometer 358 having a +12 volt

source at +12VS7. A resistor 360 (100K) on line 356 couples the

reference potential VRE to the plus terminal 5 of amplifier 4B.

F4
An output terminal 7 is electrically coﬁhectgd to a line 362 for
generating potential output from the amplifier 4B. Line 162 is
tépped from the line 362 and supports a current steering diode
364 tﬁat functions to block further transport of any positive
potential signal that may appear from amplifier 4B on line 162.'
A resistor 36§ (10M) connects line 362 ﬁo the input line 356 for
operational feedback to the amplifier 4B. -

In operation, the Crash Protector 158 becomes actively

operational when +I on line 106 entering the Constant Current

IN1
High Voltage Control 94 is an excessively low conducted corona
current -- far below optimum --, Low conducted current on line
106 has zero or very nearly zero voltage which, when summed with
the negative bias reference vREFl'
net negative potential supplied to amplifier 1A at the minus

generates an extremely lowered
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terminal 2. Aﬁplifier 1A 1is then caused to generate ﬁ
proportionally higher positive output signal (approximately 12
volts) from output terminal 1 on the line 194. The +12 vol

potential signal appears on line 160 and is supplied through
resistor 354 to the minus input 6 of amplifier 4B. The reference
potential VeEF4 supplied to the plus input ‘terminal» 5 of]

amplifier 4B is presét to have its potential to be less than 12

volts (approximately 8-10 volts). The.+12 volt. signal'. at minus’

. . . .ol
input terminal 6 is thus greater than the reference potential’

generate a negatively high potential signal from output terminal

7 on line 362. The negatively high potential signal appearing on
Motor Control 100 to provide the previously described second
amplifier 2B, to generate approximaf.ely 12 volts on line 124
moving the upper electrode 86 upwardly to its retracted inactive

normally be above the potential signal appearing on line 160 from

the Constant Current High Voltage Control 94. Amplifier 4B is

the Motor Control 100 and allows the Motdr Control 100 to
generate normally. .

Conventional electrical elements comprising the Arc Control
block 156 are shown arranged in Figure 8. This block 156

generally functions to move the upper movable electrode 86 to the

retracted position when a high current surge -- arcing -- occurs
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supplied by VREF4 at plus terminal 5 causing amplifier 4B .tol

utilized in the Motor Control 102 to activate the Motor 104 for !

line 162 is passed through diode 364 and through resistor 276 of

. !
nriority signal (a negative offset potential) for causing the:

]
)
1

{

position (Fig. 1). The reference potential of Vpppg 1S Preset to f’

normally caused to generate a positive signal that is not seen in -



u
i

0185784 :
along dependent segment 90. To accomplish this, 1line 164 is;
: !
tapped from line 152 (Fig. 3) for sensing current at needles 78,

l
of the dependent segment 90. Conducted current on the line 164

H

I is applied through a resistor 368 (l100K) to establish a

IN3

‘positive voltage signal proportional to the current IIN3 supplied:

to a minus input terminal 2 of an operational amplifier 3aA, This?
amplifier 3A is also one~half of yet another Low Power Dual
Operational Amplifier commercially available under thef
aforementioned designate LM 358. A line 370 is electrically'
coupled to a plus terminal 3 of amplifier 3A. A reference

yotential V is generated on 1line 370 by an adjustable

REF3
potentiometer 372 having a +12 volt source at +12V53. The
reference potential signal VREFB is applied through a resistor
374 (100K) prior to entering the plus terminal 3 of amplifier 3A.:
h capacitor 376 (.luMF) and a Zener diode 378 are tapped in:
parallel re_latzion from the line 164 for clamping -the conduétedi |
signal’II'N3 on line 164. A pair of reversed diodes at 380 are in|
parallel connecting the line 164 to the line 370 across the!
termin®ls 2 and 3 of amplifier 3A to afford high voltage'
protection to amplifier 3A. A line 382 extends from an output
terminal 1 of amplifier 3A. BAmplifier ‘3A functions 1like a
comparator in that the reference potential supplied by VREFB' at
plus input 3 is compared to the voltage signal suppl’ied at minus
input 2 to govern amplifier 3A operation. The reference

potential of V F3 is selected, such that, when VREF3 is compared

RE
with the voltage signal £from resistor 368 it falls between
voltages on line 164 during normal optimum operation and the

higher voltages on line 164 caused by arc formation at electrode -
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86. A feedback resistor 384 (1l0M) is connected from line 382 to

line 370 to control positive feedback operation of the amplifier
3A. Line 382 has a resistor 386 (100K) in series with another;

resistor 388 (470K). Resistor 388 establishes the potential‘

-supplied to a plus input terminal 3 of an operational amplifier

. 4A. This amplifier 4A is the other half of the conventional LM

!

358 Dual Amplifier .containing the amplifier 4B in the Crash
Protector 158. An -output terminal 1 of amplifier 4A is
electrically cqupled. to an output line 390 that extends to

provide a feedback potential to a minus input terminal 2 for;

operation of the amplifier 4A. A diode 392 is connected across:
the resistor 388 and is coupled to cooperate with a capacitor 394;
(L00uF) for functioning as a time delay circuit to control the,
incoming potential signal supplied to the input 3 of amplifier
4A. A resistor 396 (10K) is tapped from line 390 and coupled toi
the base of a: "transisto.r 398. The emitter side of 'transis‘tor 398

is connected to a diode 400 coupled to ground. The collector

side of transistor 398 is connected to the line 166 extending to
the Door Interlock block 168.

In normal 4optimum corona current density operating
conditions, approximately 1 volt is generated from resistor 368
supplied to the minus input terminal 2 of amplifier 3A. The plus
input terminal 3 is operated by the reference voltage supplied by

Veer3 which 1is preset to be about 2 volts. Thus, the V

REF3
voltage is normally higher than the operating voltage on line 164
and the amplifier 3A is caused to generate a positive h:.gh
potential from output termlnal 1. appearing on line 382. This

positive high signal on llne. 382 is communicated through»
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resistors 386 and 388 to the plus terminal 3 of amplifier 4A. In
t

response to receiving the positive high potential signal from

]
line 382 at input 3, amplifier 4A operates to generate a positive

high potential from its output terminal 1 appearing on to the
line 390. This positive high potential signal on 1line 390
causes the transistor 398 to turn ON so that its collector

1
circuits are latched to grodnd along line 166 coupled to the Door

- Interlock block 168.

When an arc occurs at segment 90 of electrode 86, the
voltage on 1line 164 from resistor 368 to the minus input
terminal 2 of amplifier 3A is relatively high above the 2 volts

supplied by the V input at the plus input 3. Amplifier 3A is

REF3
then operated to generate a relatively low potential signal,
compared to the normally high potential signal, on line 382 to
the plus input terminal 3 of amplifier'4A. This low potential
signal causes the amplifier 4A to generate a low potgntial signal
on its’putput line 390 which, in turn, switches the transistor
398 to OFF, no current flow therethrough, causing a high
potential signal at approximately 12 volts to:appear on line 166.

Electrical elements comprising the Door Interlock circuitry
block 168 are also shown in Figure 8. The Door Interlock 168
includes an operational amplifier 3B which forms the other half
of the convention LM 358 component comprising the amplifier 3A in
the Arc Control 156. The line 166 from the Arc Control 156 is
coupled in series through the door interlock switch 40 and
extends therefrom to a plus input terminal 5 of amplifier 3B. The

door interlock switch 40 is illustrated closed by the solid 1line

to allow current fiow therethrough when the door 20 is shut. The
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closed switch 40 provides a continuous path to ground for the
voltage appearing on line 174 supplied by the +12?S4 source in
the Motor Control 100 (Fig. 5). An output terminal 7 of
amplifier 3B is electrically coupled to a line 402 extending to
the base of a transistor 404. A +12 volt +12V,. source is
provided to supply the collector side of tpe transistor 404. The
emitter side of transistor 404 extends on a line 406 to an.
electrical junction at  408. Line 176. extends from junction 408
to the clamping circuit 222 in the Constant Current High Voltage
Control 94. A line 410 extends from:junction 408 coupled to a
series resistor 412 (240K) and confinues therefrom to a7

!

conventional opticall isolator 414 component. The optical

-isolator 414 is a standard known electrical component comprising

a light emitting diode 416 illuminously coupled to the base of a
phototransistor 418. A suitable optical isolatér 414 componenti
is made commeréially available by a ‘Motorola manufacturer throhgh,
their gﬁblication entitled Opto Electrical Device Databook; 1981
edition and identified under the designation 4N27. The line 170
is a hot ground coupled to the emitter side of the transistor 418
and extending to the High Voltage Power Supply 96. The line 172
has a resistor 420 (100K) and is coupled to the collector side of
transistor 418 from the High Voltage Power Supply 96. Another
line 422 extends from junction 408. A 1line 424.15 tapped from
line 422 to supply an operational feedback potential to a minus
terminal 6 of amplifier 3B when the transistor 404 is latched ON.

A capacitor 426 (-OkuF) and a Zener diode combination 428 -- two

Zener's in opposing relation -- are coupled in parallel from line
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422 to the line 174 for control of potential signals £from
junction 408 to line 174. . ‘ , ;
During normal cooking operation using the enhanced heat and’
mass transfer apparatus 62, the door interlock switch 40 is inf
the closed solid line position. Potential on line 166 goes to;
ground through the cransistor 398 in the Arc Control 156 causing:

the amplifier 3B to be regarded as inactive having no operating:

output- to the base of transistor 404. The transistor 404 is
latched OFF and there is no operative output from the emitter.
Amplifier 3B is activated to gene;rate a high, approximately
12 volt, signal on line 402 when the potential on line 166 to the
plus terminal 5 of the amplifier. 313 reaches 12 volts. This
occurs when the continuity of line 166 is interr_upted such as
occurs when the door interlock switch 40 is opened .or when the’
series transistor 398 in- the Arc Control 156 is switched to OFF
due, e.g. to "arcing at ‘segment 50. 12 Volts of output from -
amplifier 3B on line 402 causes the transistor 404 to latch ON
to generate a 12 volt supply at the junction 408. The 12 volt
supply at Jjunction 408 appears on line 410 supplied to the
optical isolator 414 causing it to turn ON for allowing currenti
to flow across transistor 418 frém line 172 to line 170. Current
continuity flowing through lines 17‘2 and 170 is utilized in the
High (}oltage Power Supply unit 96 to interrupt its i:ower output.
Simultaneously, the 12 volt potential at junction 408 is carriec%
on line 176 to the clamping circuit 222 in the Constant Currenf
High Voltage Control 94 for causing the signal on line 108 to gc§
high' for discharging capacitor 220 to establish a 'lifniteg

acceptable high voltage turn on supply to the food when high
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voltage to the food is restored. The 12 volts on line 166 is!

also carried on line 174 extending to the Motor Comtrol unit 100;
wherein the 12 volts from the +1284 source is supplied to"
amplifier 2B for providing priority over 1line 256 input to the
plus input terminé.l S of amplifier 2B. This causes amplifier 2B
to generate a high potential output on line 124 to the Motor
Drive 102 wherein the high potential is utilized for causing the

7 movable electrode- 86 to move upwardly to the retracted inactive
pcsition.’

- For maximum heat and mass t;ransfer to' occur, it will be
recalled apparatus 62 operates to maintain the cofona current
density in the upper electrical field 84 at the found optimum 15
MA per inch2 having an acceptable tolerance ranging from 54 A per
inchz to 25uA per inch2 and to maintain the corona current
density in the lower electrical field 76 atﬂthe differently found
optimum 25 ,aA-(per inch2 having an acceptable tolerance ranging
from 15 AA per inch2 to 35 A per inchz. Thus, the optimurn
corona current 'density applied to the top food surface 82 is
different from the found optimum corona current densi£y applied
to the bottom food surface 74 at a preferred 3 to 5 ratio.

However, the exaét corona current density ratio may vary provided
each field 84, and 76 supports a corona current denéity within
the disclosed acceptable tolerance range. The reéson the two
field 84 and 76 have different optimum corona current density
values is attributed to factors including gravity, buoyancy and
the air temperature differentials existing between the upper food
surface 82 and the lower food surface 74. These factors are

found to differently effect the heat and mass transfer at
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opposing- food surfaces 82 and 74. Therefore, the. disclosed
preferred corona current density ratio is employed in order to
simultaneously achieve maximum heat and mass transfer at both’
food surfaces 82 and 74.

Employment of the different corona current densities is
illustrated in the graphs of Figures 11A, 11B and 11C. The graph
in Figure 1llA generally 1illustrates enhanced heat and mass
transfer when corona current is applied to only the upper food

surface 82. In the graph of 11A food cooking cycle time is shown

in relation to corona current density (IA/in2 - IA representing
current in the upper field 84). J, represents corona current

A

density in the upper electrical field 84 and J represents the

Amin

lower density range limit (542 per inchz), represents the

JaopT

optimum density (1%#A per inch 2) and J represent the upper

Amax
density range 1limit (25 un per inchz). The food cooking time at

N representifﬁormal cooking time without application of corona

current.. It can be seen that the food cooking cycle is reduced

-

as the corona current density applied to the upper food surface

82 is increased. The corona current density at J shows a

Amin
significantly improved cooking time over the normal cooking time
at N. JAOPT shows maximum improvement in that thé cooking time
is reduced to a limit providing the shortest f&od cooking cycle
being reduced to on the order of 60% below N. As.the applied

corona current density rises above optimum (moving rightwardly

from JAOPT)' the cooking food time also is found to rise and when
the density goes beyond the maximum range limit at Jémax' the

food cooking time is found to rise out of acceptability.
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The graph in Figure 1llB generally illustrates enhanced heat

and mass transfer when corona current is applied to only the

lower food surface 74. In the graph of 1llB food cooking cycle‘

B

representing current in the lower field 76). J_, represents

B

corona current density' in the lower electrical field 76 and Jij_n

represents the lower density range limit (1542 per inch 2) » J50pT

represents the otpimum density (ZS/QA per inchz) and JBmax
représents the upper density range limit (354A per inchz) . The
food cooking time at N representﬁs normal cooking time without
application of corona current. It can be seen that, like in
graph 11A, the food cooking cycle is reduced as the coronc
current der;sity applied to the lower food surface 74 is
ingreased. The density at JBmin shows a significantly improved
cooking time over the normal cooking time at N. JBOPT shows
maximum imp_ro'\'rement in that the cooking time is reduced to a
limit grovﬁding the shortest food cooking cycle being reduced ta
on the order of 60% below N. As the applied corona current
density rises above optimum, the cooking time is also found tc
rise (moving rightwardly from JBOPT) and when the density goes]

beyond the maximum range limit J the food cooking time is

Bmax’
found to rise out of acceptability. .

The graph in Figure 11C, generall;, illustrates eﬁhanced
heat and mass transfer when corona current is simultaneously
applied to both the upper and the lower food surfaces 82 and 74,
respectively. In the gr.;aph of 11C food cooking cycle time i¢
shown in relation to the two corona currents (IA

represents the two corona current densities operating

+ IB) and Jc
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simultaneously on the food surfaces 82 and 74. Jc §s|z7é% the

two densities are at their lower ‘'range 1limit and shows a
significantly improved £food cooking time over normal cooking
without corona current shown at N. JCOPT shows maximized
.énhanced heat and mass transfer occurring when both fields 84 and
76 are controlled to support optimum corona current density
providing the shortest food'éooking time cycle, being improved on
the ordef of about 64% below the normal N. As the two corcna
current densities rise above their optimum (moving rightwardly

from J the food cooking time is also found to rise and when

COPT)'

the two densities go beyond their maximum range limit J the

Cmax’
food cooking time is found to rise out of acceptability. The
graph 11C shows the present enhanced heat and mass transfer
application cooking . a particular food taking about 36% of its
normal N cooking time. Obviously, the mass composition of thé
food being cooked effects the rate of internal heat and mass
conduc;ion. Therefore, the 36% of the normal cooking time is a
repre;entation of improvement for one kind of food and other
foods will ﬁave a differently reduced cooking time. The
impogtance being that optimum corona current density, as:
disclosed in this application, when applied from above and below
the food, maximizes heat and mass transfer at exterral surfaces
of that food to significantly reduce its cooking timé.

Refe¥ring now to the graphs shown in Figures 9 and 10, these
graphs illustratively demonstrate enhanced heat and mass transfer
accomplished by using the presently disclosed apparatus 62. The
graph of Figure 9 shows enhanced heat transfer and the graph of

Figure 10 shows‘enhanced mass transfer. It should be pointed out

53



that both graphs (Figs 9 & 10). are the result of ggo%é@%“like
kind of food, specifically a cake, and that similar results have
been obtained when cooking other kinds of food. Also, exact test
data results have been omitted and the graphic profiles shown in
Figures 9 and 10 represent a general averaging ofl the actual
results obtained for simplicity sake and because this is all that
is necessary to comprehend the improvedvcooking accomplished from
using the disclosed apparatus 62.

In Figure 9, . there is shown a graph illustrating the
relationship between time (horizontal) and temperature (vertical)
for food being cooked. This relationship is an expression of
heat transfer. The solid line 430 represents heat transfer of
food being coocked in a conventional oven using the normal heating
elements. The dashed line 432 represents heat transfer of food
being cooked when using the disclosed apparatus 62. The food
cooking cycle"of each heat transfer profile 430 and 432 has a
food temperature limit at about 2000 (Fahrenheit) whereat the
food may be considered cocked. The food «cooked in the
conventional oven, produéing’ the solid line 430, is shown to take
approximately 20 minutes for the food temperature to reaéh 200°F.
The general slope of the line 430 shows a gradual rise in the
food temperature from room temperature (approximately 70°F) to
the final 200°F cooked temperature. The food co.oked in the
present oven utilizing apparatus 62, producing thg dashed 1line
432, is shown to take approximately 10 minutes for the £food
temperature to reach 200°F. The relative slope of the line 432
shows a more rapid rise in the food temperature from .room

temperature to the final 200°F cooked temperature compared ta
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normal. In comparing the results, the heat transfer line 432
shows a significant improvement over the liné 436 with respect to
reduced cooking times. In this example, thg cooking time is
reduced 50% or one-half the normal cycle. Similar . improved
results have been observed when cooking other kinds of foods.

In Figure 10, there is shown a graph illustrating the
relationship between time (Horizontal) and food weight (vertical)
for food being cooked. This relationship is an expression of
mass transfer in that the food weight loss, in grams, has been
monitored during the cook{ng cycles qf Figure 9. The mass
transfer is attributed to evaporating moisture molecules leaving
the food. The solid line 434 represents the mass transfer from
food being cooked in the conventional oven. Initially this food,
line 434, weighed approximately 189 grams and was observed to
have a net weight loss of about 14 grams during ifs 20 minute
cooking cycle having a final cooked weight of apprdximately 175
grams. - The, dashéd line 436 repreéents the mass transfer
accoxﬁplished from using the disclosed apparatus 62. Initially
this food, dashed line 436, also weighed approximately 189 grams
and experienced a net weight loss of about 14 grams during its 10
minute cooking <cycle having a final <cooked weight of
approximately 175 grams. The generally downwardly curved sloée
of line 434 shows a gradual loss of weight and the downwardly
curved slope of the line 436 show a more rapid loss of weight.
In comparing the results, the line 436 shows a significant
improvement over the line 434 in terms of having an increasec
rate of weight loss (grams per minute) even though both.fcoé

experienced the same weight loss (14 grams). Similar, improvec
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rates of weight loss have been. observed when cooking other kinds

of foods.

In obtaining the enhanced heat and mass transfer results of

Figures 9 and 10, the operating apparatus 62 maintained corona

‘gurrent density in field 76 and 84 ‘within their respective

optimum disclosed %tolerance range throughout the cooking cycle.
Corona current densities - ogtside thé disclosed respective
tolerance ranges cause a departure from the maximum heat and mass
transfer rates. Corona current densities below the low tolerance
limit of the disclosed ranges are not sufficient to completely
disrupt the formation of the thin layer of stagnant air at food
surfaces nor to adequately carry freshly heated air to displace
air about the food that has given up its thermal energy to the
food surfaces. As a result heat and mass transfer is
unacceptably below maximum, ye£ still offering some proportional
improvementrpéer.conventional ovens. Corona current densities
above Ehe high tolerance limit of the disclosed ranges offers £he
effec£ of compressing rather than disrupting the film. Thus, the
heat and mass transfer rates are restricted towards operating ét
less than maximum efficiency and cooking times rise.

While the foregéing description has disclosed the preferred
embodiment of an enhanced heat and mass\transfer apparatus, it
will be clear to those skilled in the art that otﬁer forms and
embodied uses of the present apparatus would be equally
applicable. The presently disclosed embodiment is therefore to
be considered in all respects as illustrative and not
restrictive, the scope of the invention being defined by. the

appended claims rather than by the'foregoing description, and all
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charges which come within the meaning and range of Oe!j\ﬁsﬁ&ﬁ:y of

the claims are therefore_ intended'to be embraced therein.
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CLAIMS

1. An apparatus in a food cooking device for enhancing
heat and mass transfer between surfaces of food being cooked
and ambient air contained within a heat chamber during the
cooking process of the cooking device, the apparatus compris-
ing in combination; a food supporting member fixedly mounted
in electrical isolation in the heat chamber; a variable high
voltage power supply having at least a high potential output
terminal; an electrical conducting means including a food
engagement member electrically connected to said high potential
terminal, said high voltage power supply operable to supply
high voltage to the food through said food engagement member
engaging the food for maintaining the food at a high potential;
a first electrode means fixed in the heat chamber below the
food and having a spaced relation to a bottom surface of the
food for defining a first electrical field for supporting
corona current; a circuit voltage control means electrically
interposed between said first electrode means and said power
supply, said voltage control means eléctrically connected

to said first electrode means for sensing corona current in
said first electrical field and to generate a voltage adjust-
ing signal to said power supply to adjust the high voltage
output to the food for maintaining the corona current in said
first electrical field at a constant optimum corona current
density within a range from 15 uA/in2 to 35 uA/in2 for
enhancing heat and mass transfer at said bottom food surface;
a second electrode means movably supported above the food in
the heat chamber and having a spaced relation.to a top surface
of the food for defining a second electrical field for support-
ing corona current; a drive means coupled to the second
electrode means for adjustively moving said second electrode
means towards and away from said top food surface; and an
electrode adjusting circuit interposed between said second
electrode means and said drive means, said electrode adjust-
ing circuit electrically connected to said second electrode
neans for sensing corona current in said second electrical
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field and to electrically control the drive means for adjus-
tively moving said second electrode means for maintaining the
corona current in said second electrical field at a constant
optimum corona current density within a range from 5 uA/in2
to 25 uA/in2 for enhancing heat and mass transfer at said top
food: surface.

2. An apparatus according to claim 1, wherein said
first electrode means comprising a plate member having a first
segment supporting a first set of electrode needles, a second
segment supporting a second set of electrode needles and
electrical insulation means interposing said first segment

and said second segment for electrically isolating said first
set of electrode needles from said second set of electrode
needles,

3. An apparatus according to claim 2, wherein said
first segment is centrally located on said plate member and
constructed of a predetermined area supporting a known

number of needles located for complete alignment beneath

said bottom food surface.

4. An apparatus according to claim 3, wherein said
circuit voltage control means is electrically connected to
conduct corona current from said first set of electrode
needles to sense the total corona current conducted by said
first segment and to generate therefrom said voltage adjust-
ing signal of a proportional relation to the corona current
density present in said first electrical field with respect
to an optimum corona current density of 25 uA/inz.

5. An apparatus according to claim 1, wherein said
second electrode means comprising a second plate member hav-
ing a third segment supporting a third set of electrode
needles, a fourth segment supporting a fourth set of electrode
needles and a second electrical insulations means interposing
said third segment and said fourth segment for electrically
isolating said third set of electrode needles from said fourth
set of electrode needles.

6. An apparatus according to claim 5, wherein said third
segment is centrally located on said second plate member and
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constructed of a predetermined area supporting a known number
of needles located for complete alignment above said top
food surface. —

7. An apparatus according to claim 6, wherein said
circuit electrode adjusting means including a motor control”
circuit means interposing said second electrode means and
said drive means and said motor control circuit means is
electrically connected to conduct corona current from said
third set of electrode needles to sense the total corona
current conducted by said third segment and to control
operation of said drive means according to the corona current
density present in said second electrical field in relation
to an optimum corona current density of 15 uA/inz.

8. An apparatus according to claim 1, wherein said

first electrode means and said second electrode means indivi-
dually comprising a plate member having a pair of segments

and electrical insulation means interposed between said pair

of segments.

. 9. An apparatus according to claim 1, further compris-
ing; a motor control circuit of said electrode adjusting

"means electrically coupled to control operation of said drive
means for moving said second electrode means; said circuit
voltage control means electrically connected to conduct corona
current from said first electrode means; and a crash protector
circuit electrically connected to said circuit voltage control
means for receiving therefrom an electrical signal representative
of the conducted corona current in said first electrical field
and electrically connected to said motor control circuit for
causing said drive means to move said second electrode means
away from the food in response to receiving the electrical
signal representing the corona current in said first electrical
field advancing towards zero.

10. An apparatus according to claim 9, further comprising
an arc control circuit electrically connected to conduct

current from said second electrode means and electrically
connected to said motor control circuit for causing said drive
means to move said second electrode means away.from the food
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in response to said arc control circuit conducting high current
representative of an arc formation in said second electrical
field.

11. An apparatus according to claim 10, further compris-
ing a door interlock circuit electricaily connected to said
arc control circuit through a door interlock switch operable
by an oven door and having a first output electrically connected
to said circuit voltage control means and a second output
electrically connected to said motor control circuit for
interrupting electrical power from said power supply and for
moving said second electrode means away from the food when
said oven door is opened and when said arc control circuit

is conducting high current due to an arc formation in said
second electrical field when said oven door is closed.

12, An apparatus according to claim 11, wherein said
circuit voltage control means including a voltage clamping
circuit electrically coupled to said first output of said

door interlock circuit for control of said voltage adjusting
signal to prevent a sudden high voltage surge to said power
supply when an interruption of electrical power to said

high voltage power supply is restored.
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