REPLACEMENT SHEETS SG [err] Title of the Invention

M crowave heati ng apparat us M crowave heati ng apparatus and

m crowave heating net hod Technical Field of the Invention The
present invention relates to a heating apparatus using m crowaves for
heati ng various objects such as foods pronptly while mai nt ai ni ng a
favorable quality. Background Art Hitherto, as a heating
appar atus ghetifigatiyne, for exanple, t he food thawi ng cooki ng oven as
di scl osed in Japanese Patent Publ i cati on No. 55-51541 has been known.
Fig. 5 shows its constitution, in which an agitator 3 is provided in a
ceiling 2 of an oven 1 which can be enclosed tightly, and a nagnetron
irradiati ofjile ﬁhélh%eﬂh%%?sed nearby. A detachable food rack 5 is
provi ded in the oven 1, iquid pan 6 for feeding water or oil is

di sposed beneat h, Microwave heating apparatus

Technical Field of the Invention
The present invention relates to a heating apparatus using
microwaves for heating various objects such as foods promptly while

maintaining a favorable quality.

Background Art

Hitherto, as a heating apparatus of this type, for example,
the food thawing cooking oven as disclosed in Japanese Patent
Publication No. 55-51541 has been known. Fig. 5 shows its
constitution, in which an agitator 3 is provided in a ceiling 2 of an
oven 1 which can be enclosed tightly, and a magnetron irradiation
unit 4 is disposed nearby. A detachable food rack 5 is provided in
the oven 1, a liquid pan 6 for feeding water or oil is disposed beneath,
and a heater 7 by gas or electric heating is disposed further beneath.
By the combination of magnetron irradiation unit 4, liquid pan 6,
and heater 7, both heating by magnetron irradiation from above and
steam heating by boiling water from beneath can be combined.

When heating the food by such constitution, combination of
internal heating by magnetron irradiation and steam heating by

steam can be selected corresponding to the cooking menu. Besides,
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and a heater 7 by gas or electric heating is disposed further beneath. By
the conbi nation of magnetron irradiation unit 4, liquid pan 6, and heater
7, both heating by magnetron irradiation from above and st eam heating by
boiling water from beneath can be conbi ned. ~ Wen heating the food
by such constitution, conbination of internal heating by magnetron

I rradi ati on and steam heati ng by steam can be sel ected corresponding to

t he cooki n%lH@@%te?ﬁsisdgéneratgd (& l!sccflbed tthﬁre?ﬂl n&e??ﬁﬁ %%rge%glﬁ gnerat ed,

as described therein can be applie aw n' roz ad and
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In such conventional heating apparatus, however, when

water is contained in the liquid pan, the steam will not exceed the

boiling point (100C at atmospheric pressure), and it is the steam

below_ the saturation temperature that is supplied into the heating

chamber. Such steam damps the food surface. In particular,

when the food is frozen, an extreme dew condensation occurs on the

food surface in unthawed state. Accordingly, when frozen bread or

the like is thawed, drying of the food is prevented, but the crust

which is desired to be crisp becomes wet and sticky, and the touch is

significantly spoiled.

Disclosure of the Invention

The invention is intended to solve the problems of the prior
art, and it is a first object thereof to enclose the object to be heated
such as food with superheated steam, and heat various objects
favorably by microwaves.

It is a second object to realize a system capable of
generating such superheated steam

It is a third object of the invention to realize a constitution
capable of maintaining the superheated steam so that the generated
superheated steam may not be cooled under the saturation

temperature in the heating chamber.



bel ow the saturation tenperature that is supplied into the heating
chanber. Such steam danps the food surface. |In particular, when the
food is frozen, an extrene dew condensation occurs on the food surface in
unt hawed state. Accordingly, when frozen bread or the like is thawed,
drying of the food is prevented, but the crust which is desired to be
crisp becones wet and sticky, and the touch is significantly spoiled.
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problens of the prior art, and it 'is a first object thereof to enclose the
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a systemc ating such superheated steam t is a
third obje%pggkﬁfagqusgﬁﬁkon to realize a constitution capable of
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2 heating chamber for accommodating the object to be heated, steam
generating means for supplying superheated steam to the heating
chamber, superheated steam maintaining means provided in the
heating chamber to prevent the temperature of the superheated
steam from lowering, and microwave generating means for
irradiating the object with microwaves. Depending on the type of
the object, either the superheated steam or the saturated vapor is
changed over and supplied into the heating chamber. Also
depending on the type of the object, the superheated steam or the
vapor below the saturation temperature is changed over during
heating, and is supplied into the heating chamber. Moreover,
depending on the type of the object, it is designed to dry by using the
superheated steam at least in a certain period during heating.

To achieve the second object, the steam generating means
of the invention includes a heat source exceeding the saturation
temperature, and water is dropped thereon.

To achieve the third object of the invention, as the
superheated steam maintaining means, a partition wall made of
porous material such as ceramic capable of absorbing moisture is
provided in the heating chamber. Or, the superheated steam

maintaining means is a partition wall containing fibers such as



It is a fourth object of the invention to realize a constitution capable
of heating the object by effectively utilizing the superheated steam

To achieve the first object, the invention conprises a heating chanber for
accomodating the object to be heated, steam generating neans for
suppl yi ng superheated steamto the heating chanber, superheated steam

mai nt ai ni ng neans provided in the heating chanber to prevent the
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molded with radio wave absorbing material such as ferrite for
generating heat by absorbing microwaves. Yet, the superheated
steam maintaining means is composed of an electric heat source
provided in the heating chamber.

To achieve the fourth object of the invention, the
superheated steam maintaining means is disposed at least on the
top of the heating chamber. Or the superheated steam
maintaining means is provided at least at the lower side of the
heating chamber, and the object of heating is directly put on the
superheated steam maintaining means. Or, as the superheated
steam maintaining means, detachably formed partition walls are
provided at plural positions in the heating chamber, and it is
constituted so as to be capable of adjusting the position depending
on the type, size or quantity of the object of heating. Further, by
disposing the superheated steam maintaining means at least at the
lower side of the heating chamber, and forming penetration holes,
the superheated steam supplied from the steam generating meansis
supplied beneath the superheated steam maintaining means, and
the object is put above the superheated steam maintaining means.

According to the first constitution, the invention can heat

the object put in the heating chamber while emitting microwaves in



super heated steamat least in a certain period during heating. To
achi eve the second object, the steam generating neans of the invention

i ncludes a heat source exceeding the saturation tenperature, and water is
dr opped t hereon. To achieve the third object of the invention, as
the superheated steam nmaintai ning neans, a partition wall made of porous
mat eri al such as ceram c capabl e of absorbing noisture is provided in the

heati ng chanber. , .the superheat ed steam  maintaini neans s a
barti 1 on BEF | URAHAEAIP Ro® s S ik macar the object stHofEtly frbnt
th,gﬁpable of absorggnqngglstu e. Besides, the
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of a water repellent dielectrjic material. Further, the _superheated steam
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absorbing material such as ferrite for
saturated vapor is changed over and used, or the superheated steam
and the vapor under saturation temperature are changed over and
used during heating, so that optimum heating suited to the object of
heating can be done efficiently. In addition, by wusing the
superheated steam at least in a certain period during heating, the
object of heating can be dried intentionally.

According to the second constitution of the invention, the
superheated steam can be generated easily.
According to the third constitution of the invention, the

.superheated steam is maintained in its state so that the
superheated steam supplied in the heating chamber may not be
lowered below the saturation temperature. Moreover, a partition
wall made of porous body such as ceramic or containing fibers such
as paper or cloth capable of absorbing part of superheated steam
prevents dew condensation of the steam on the wall surface, and
absorbed moisture is re-evaporated by microwaves, thereby
preventing lowering of steam volume and temperature in the
heating chamber. Or the partition wall composed of a water
repellent dielectric material does not absorb superheated steam,
but absorbs microwaves to raise temperature, so that the hot plate

effect is exhibited to prevent lowering of temperature of the

superheated steam. Further, the partition wall coated or molded



generating heat by absorbing m crowaves. Yet, the superheated steam
mai nt ai ni ng neans i s conposed of an electric heat source provided in the

heati ng chanber. To achieve the fourth object of the invention,
the superheated steam naintaining nmeans is disposed at |east on the top
of the heating chanber. O the superheated steam naintaining neans is

provided at | east at the | ower side of the heating chanber, and the object
of heating i
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| ower side of the heating chanber, and form ng penetration holes, the
superheateéuﬁﬁéhﬁﬁgﬂbﬁF¢%@~fron1the steam generating neans is supplied
beneat h the superheat ed steam mai ntai ni ng neans, and the object is put
above the super hedtes@rdiramonthafannimgonetitytion of the inyvehidnngheo t he
first constitution, the invention can heat the object put in the heating
chanber vmsugeeheuqdqgtem'rgm@u@d&@gfﬂentively utilized according to the object

of heating. The superheated steam maintaining means disposed at

least on the top of the heating chamber prevents dew condensation

of the superheated steam guided into the heating chamber on the

ceiling, and drop onto the object, thereby preventing the quality of

the object of heating from being lowered. Or the superheated

steam maintaining means provided at least at the lower side of the

heating chamber conducts the absorbed heat energy effectively to

the object of heating as the hot plate, by putting the object of

heating directly on the superheated steam maintaining means, and

thereby improves uneven heating due to the presence of stationary

wave intrinsic to the microwaves. Still more, by detachably

forming the superheated seam maintaining means at proper

positions in the heating chamber depending on the object of heating,

the space filled with superheated steam is variable, and heating is

efficiently done in a short time. Moreover, the superheated steam

maintaining means having penetration holes provided at the lower

side of the heating chamber adds heat to re-evaporate when the

guided superheated steam passes through the penetration holes,

thereby returning to the superheated steam.



4 t he superheated steam and can heat the object efficiently
from inside and outside w thout noistening the surface. Depending on the
type of the object of heating, either the superheated steam or the
saturated vapor is changed over and used, or the superheated steam and the
vapor under saturation tenperature are changed over and used during
heating, so that optinum heating suited to the object of heating can be
done efficj e,nttjoé. I.n additi yln, by using the superheated steamat |east in
a certain gé%‘? eaeFiphieheLthsDIRHANEBhj ect of heating can be dried
I ntentionally. ) Accor di nfgn to the second constitution _of the
i nvention, the sdpérhbatsed dtea weationalyerieraddacigating chamber
According to the third constitution of the invention, the superheated
steam i s néhavangen emhadimeant ef $hetinyentimn. superheated steam supplied in
t he heating chanber may not be |owered below the saturation tenperature.
Mor eover, a parti thign is an appearance view of a heating apparatus

showing an embodiment of the invention.

Fig. 8 (a) is a diagram showing an embodiment of heating
sequence of the invention, and (b) is a diagram showing other
embodiment of heating sequence.

Fig. 4 is a front sectional view of a heating chamber
showing a different embodiment of the invention.

Fig. 5 is a front sectional view of a heating chamber of a

conventional food thawing type cooking oven.

Best Modes for Carrying Out the Invention

(Embodiment 1)

A first embodiment of the invention is described below
while referring to the drawings.

Fig. 2 is an appearance view of a microwave heating
apparatus according to the invention. A door body 9 is supported
at the front side of a main body 8 for closing the opening of the
heating chamber in which the food is contained. A heating
command key 11 is disposed on an operation panel 10, and codes
entered in one digit or several digits correspond to the factors
having effects on the heating method, such as the type or amount of

food, storing temperature (frozen or chilled), heating end



wal | made of porous body such as ceramic or containing fibers such as
paper or cloth capable of absorbing part of superheated steam prevents dew
condensation of the steamon the wall surface, and absorbed noisture is
re-evaporated by mcrowaves, thereby preventing |owering of steam vol une
and tenperature in the heating chanber. O the partition wall conposed of
a water repellent dielectric material does not absorb superheated steam

but absorbs m crowaves t,0.raise t erature, so that. the hot. plate effect
o bt b+ RepE TR R P SR e e i i e (SRR Rl St cam
Further, the partition wal| coated or . pol de .
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el ectric heat source provideg_in the heating chanber will simlarly
exhibit thenkot? By desaghallst digpqsedvent | owering of tenperature of the

super heated steam_. ) ) ) .
Fig. 1 is a front sectional view of a heating chamber

showing a first embodiment of the invention, in which a heating
chamber 13 is coupled with a magnetron 14 as microwave generating
means for emitting microwaves, and a steam generator 15 for
generating steam.

The steam generator 15 comprises a boiler 16 made of heat
resistant glass, ceramic or other nonmagnetic material, a
ferromagnetic porous heater 17 incorporated therein, and an
inverter coil 18 for feeding power thereto from outside of the boiler
without making contact. Water is dropped into the boiler 16 from
the feed water tank 12 through a feed water pump 19. In the
inverter coil 18, a voltage of high frequency is supplied from an
inverter power source 20, and the ferromagnetic porous heater 17 is
heated directly by induction heating, and therefore the temperature
is promptly raised over 100C without loss for heat conduction.
The temperature and feed water volume are freely controlled by a
control unit 21, so that superheated steam may be generated easily.

When the superheated steam is supplied into the heating
chamber, if the heating chamber is cool, the steam temperature
drops suddenly to be lower than the saturation temperature. Itis
very difficult to maintain the superheated steam within the heating

chamber. In the invention, therefore, heating partition walls 22



According to the fourth constitution of the invention, the superheated
steam can be effectively utilized according to the object of heating. The
super heat ed steam nai ntai ni ng neans di sposed at |east on the top of the
heati ng chanber prevents dew condensation of the superheated steam guided
into the heating chanber on the <ceiling, and drop onto the object, thereby
preventing the quality of the object of heating frombeing |owered. O

t he super heat rovi.ded at ower
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to the object of_ heatjng.as . the hot plat b utting the object, of
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i nproves uneven heagti ng due to the presence of statio arl%%e \é\ﬁve in%ri nsi c
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mai nt ai ni ng means at proper positions in the heating chanber_ dependi ng on
the obj ect dgtadhalyngn sidgewalhaails 2BedoRi prevanjers cdiecduoeshanted
variable, and heating is efficiently done in a short tinme. Moreover, the
super heat edtefBaHPMa¢ 4tix hhhdeanting dhamber fepat Pa¢ominsdpwe rpthas ded at
the lower side of the heating chanber adds heat to re-evaporate when the
gui ded supthheddetradienntpasseatutt-oughheheppeifes reansdit wopas of thereby
returning to the superheated steam

superheated steam maintaining means is realized by several

embodiments.

First is explained an embodiment of forming the
superheated steam maintaining means by using a partition wall
made of porous material such as ceramic capable of absorbing
moisture. By using an unglazed thick plate as the heating
partition wall, part of the superheated steam guided into the
heating chamber is absorbed in it. It is then heated again and
re-evaporated by microwaves. At this time, in this constitution,
the steam in the ceramic is suddenly expanded, the internal
pressure hikes, and the boiling point exceeds 100°C . 1If, for
instance, dew is condensed on the heating partition wall surface, it
can be returned to the superheated steam. Thus, by applying the
glaze on the heating partition wall at the side not facing the object
of heating, that is, at the ceiling side and floor side, the re-
evaporated superheated steam blows out only to the heating object
side, and the steam can be utilized without loss. It is also
advantageous for raising the internal pressure.

Next is explained an embodiment of forming the



6 Brief Description of the Draw ngs Fig. 1 is a front
sectional view of a heating chanber show ng an enbodi nent of the

i nventi on. Fig. 2 is an appearance view of a heating apparatus
show ng an enbodi nent of the invention. Fig. 3 (a) is a diagram
show ng an enbodi nent of heating sequence of the invention, and (b) is a
di agram showi ng ot her enbodi nent of heating sequence. Fig. 4 is a

front sectional, view of a heating chanber showi.ng a different e di ment
of the inv%ﬁ‘ﬂf’?’E)}F‘n‘?“‘tev‘\i steampimaigtalnings PRANSeRY ofal PET B U &’rgﬂgati ng
chanber of a c,or,lven%_i onal fqod thaw ng type. cqQoking qven B%st Modes
for Carryiﬁtbnf@}pl{lﬁe ibgva g Y as paper and cloth capable of absorbing

moisture. In this constitution, same as above, part of the
superheated steam guided into the heating chamber is absorbed,
and is heated again and re-evaporated by microwaves. Although
the internal pressure is not raised as in ceramics, the steam can be
absorbed efficiently, and drop of dew condensation water from the
ceiling onto the object of heating can be prevented securely.

Moreover, the superheated steam maintaining means may
be composed of water repellent dielectric material, for example, a
partition wall made of crystallized glass or ceramics coated with
glaze on both sides. Although the steam is not absorbed and re-
evaporated, it is heated by microwaves to be a hot plate, which heats
the superheated steam guided into the heating chamber.

Alternatively, the superheated steam maintaining means
may be formed by a partition wall coated or molded with a radio
wave absorbing material such as ferrite for generating heat by
absorbing microwaves. Although not absorbing and re-
evaporating the steam, it is efficiently heated by microwaves to be
hot plate, which heats the superheated steam guided into the
heating chamber. Besides, since it absorbs microwaves
considerably, it is effective to lessen uneven heating by reducing the
microwaves reaching up to the object of heating.

Finally is shown an example of forming the superheated

steam maintaining means by an electric heat source provided in the

10



(Enbodi ment 1) A first enbodi nent of the invention is described
below while referring to the draw ngs. Fig. 2 is an appearance
view of a microwave heating apparatus according to the invention. A door
body 9 is supported at the front side of a main body 8 for closing the
opening of the heating chanber in which the food is contained. A heating
command key 11 is disposed on an operation panel 10, and codes entered in
one digit or several digits correspond to the factors _havin%\effects on
t he heati nBeatingoghagher.-asThie isyire app linthmtingentigodn heohesging
tenperature (frozen or chilled), heating end

appabapes Zngven asdtht hees rapee.tand itde indbemdedidd heant e control
unit described later. At the right side of the main body, a feed water
tank 12 i ssdpeckéwidy sdespoded.the electric heat source disposed in the

heating chamber.

The control unit 21 interprets the heating command code
entered from the heating command key 11, and reads out the
specified heating condition from a memory 24. As the heating
condition, the control data of the steam generator 15, that is, input
control data to the inverter coil 18, and data showing feed water
volume control to the feed water pump 19, and the data showing the
current feed condition to the magnetron 14 are stored. These data
may be either control values such as time series data of each block,
or numerical expressions. In the case of a numerical expression,
the control unit 21 calculates it to obtain time series data, and
according to the obtained time series data, by input control to the
inverter coil 18, fe.ed water volume control to the feed water pump
19, and current feed control to the magnetron 14, the temperature
and volume of the superheated steam fed into the heating chamber
13 and the food temperature are controlled to be predetermined
values.

The object to be heated 25 is put on a tray 26 having
penetration holes. The tray 26 has legs so as not to contact with
the lower heating partition wall 22. The upper heating partition

wall 22 may be disposed freely at three positions in the illustrated

example by means of plural side wall rails 23. In such constitution,
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.Fig. 1 is a front sectional view of a heating chanber showing a first
enbodi nent of the invention, in which a heating chanber 13 is coupled with
a magnetron 14 as mcrowave generating mneans for emtting mcrowaves, and
a steam generator 15 for generating steam The steam generator 15
conprises a boiler 16 made of heat resistant glass, ceram c or other
nonmagnetic material, a ferronmagnetic porous heater 17 incorporated
therein, and an inverter coil 18 for feedi ng_ power thereto from outside of
the boil erby wlispasingakhaguessr abeati\ig partatignoppeld 2%t &t KEtHBRr 16
from the feed water tank 12 through a feed water p,unF 19. In the
i nverter che$iti®n dgresrdingendhentse e¥ shara®f the cippt.itde §rand tmbei nverter
power source 20, and the_ ferromagnetic %orous heater 17 is heated directly
by inductiBhledenitmgurgnbicated eteam ¢are becseperranlles, spshptdistoRiechi sed
over 100[err]C without |oss for heat conduction. The tenperature and feed
wat er vol u@ camebé rhestedcootre dffiedebtdlya control unit 21, so that
super heated steam may be generated easily. When t he superheat ed
steamis suppli edHigt 8 is hedirganimghowhagitbe tenfparadure afismpechanbed s
cool, the steamtenperature drops suddenly to be |lower than the saturation
t enper at ur eteam instheviee ytidigf diaonber aadnehensapplyt bea teupbnieatvedved eam wi t hi n
t he heating

the heating process of the invention. In (a), emission of

microwaves is stopped in the rise period R until the heating

chamber reaches 120C. This is particularly effective in warming

of steamed food such as dumpling or heating of food made of various

materials that is likely to be heated unevenly such as frozen TV

dinner.

Herein, speaking briefly about superheated steam, the
superheated seam refers to steam higher than the saturation
temperature at a certain pressure, and for example, at ordinary
pressure (one atmospheric pressure), it refers to steam higher than
100°C. When the object containing moisture such as food is heated
by such superheated steam, wuntil the temperature of the
superheated steam drops below 1007, it maintains the capacity of
evaporating the moisture from the object, and does not damp the
object if a dry object is heated. It also has a high heat energy, and
heat is exchanged effectively on the surface of the object. In the
industrial field, the superheated steam has recently come to be used

as the drying means in the food processing field.

On the other hand, microwave heating is known to heat the

12



.chanber. In the invention, therefore, heating partition walls 22
8 are di sposed as superheated steam nmai ntai ni ng neans at upper
and | ower side of the heating chanber 13. This is a constitution for
raising the tenperature or re-evaporating, being disposed detachably
on side wall rails 23, for preventing the superheated steam supplied in
the heating chanber from becom ng I ower than the saturation tenperature.
The specific constitution of the superheated steam naintaining nmeans is
real i zed bybjevefabm ebbthli mesitde. and outsidd r stmiudtaxgiwlgechantkeerbodi nent
of form ng the superheated steam maintaining neans by using a partition
wal | mademdtrpwnoes pehetratle sdedplgs iaeo arhe obpadil e cHoaleserbi tige
noi sture. By using an unglazed thick plate as the heating partition wall,
part of thkestipgr tlegaind@ rsisearkigdi sfelolloworédunator for microwaves, and
standing waves are formed, and strong electric field and weak
electric field appear alternately in a flat heating pattern. This is
the cause of uneven heating characteristic of microwave oven.
It is the invention that takes note of the huge thermal
energy of superheated steam and notices its nature of not wetting
the object. That is, according to the heating pattern in Fig. 3 (a),
the superheated steam quickly encloses the frozen TV dinner and
begins to thaw the surface uniformly. On the other hand, the
microwave has the nature of entering from four corners of the food,
hardly getting into the center, and therefore when the microwave
alone is used, first four corners are melted, and once melted, since
water has a dielectric loss of more than thousand times that of ice,
the microwave is concentrated in this area. In the invention,
utilizing the superheated steam, too, the central ice portion of the
frozen food is thawed simultaneously with four corners. Once
beginning to thaw, concentration of microwaves in the corners is
lessened.
This effect is also obtained in the ordinary saturated vapor.
But, by using saturated vapor, dew is condensed immediately on the
surface of the frozen food, and the surface is wetted as the heating

proceeds. A slight moisture may improve the finish in the case of

dumpling or hamburger, but it is a problem in grilled fish. Itis a
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heating chanber is absorbed init. It is then heated again and
re-evaporated by mcrowaves. At this time, in this constitution, the steam
in the ceramc is suddenly expanded, the internal pressure hikes, and the
boi ling point exceeds 100[err]C . If, for instance, dew is condensed on
the heating partition wall surface, it can be returned to the superheated
steam Thus, by applying the glaze on the heating partition wall at the

i d t facj t ohj ec f heating, that is, at the ceiling side and
[l oor i de P8 Hladr ot M, Habe s deemie gper Peat s st BB THIRMS motRORAA J30%0 ¢ he

heating object. side, and the steam can be utilized without loss. It is
al so gdvalﬁyab}é%ﬁé‘pﬁﬁhe?é‘?%Fﬁ"ga‘[“hé“i‘?ﬂ Ehpamoistuge gpatained in thepegd s .
expl ai ned an_ enbodi ment of form ng the _ . _
suger heat eds &8 RstAnS]hi the egy notpHetied. amndvbhe coebimafiminl fi bers

such as paper. and cloth capabl e of absorbing
is dramatically improved in this respect.

(Embodiment 2)

In (b) is shown an example of changing the steam
temperature while heating in the heating chamber, and the first
halfis a medium moisture state at around 60°C and the second half
is rapidly changed to superheated steam of 120C. At the same
time, the microwave is decreased gradually. It was particularly
effective in heating of food desired to finish with a crisp surface,
such as frozen bread and fried food. That is, while preventing
drying of food with a thin steam below the saturation temperature
in the first half, uneven heating by microwave is slightly lessened,
and the surface is dried at once by the superheated steam in the
second half.

The steam temperature in the second half can be optimally
selected according to the food. Favorable results were obtained at
around 60C in the frozen bread, and slightly higher around 80C
in the fried food. To warm steamed food such as dumpling and
meat pie, favorable results were obtained by absorbing moisture
sufficiently in the food with the saturated vapor at 100C.

(Embodiment 3)

Fig. 4 is a front sectional view of a heating chamber

showing a different embodiment, in which the magnetron 14 is
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noisture. In this constitution, sane as above, part of the superheated
steam gui ded into the heating chanber is absorbed, and is heated again and
re-evaporated by mcrowaves. Although the internal pressure is not raised
as in ceramcs, the steamcan be absorbed efficiently, and drop of dew
condensation water fromthe <ceiling onto the object of heating can be
prevent ed securely. Mor eover, the superheated steam nmaintaining

b I I
a " part' {1 SRR ﬁéﬁ@tﬁfceﬁf@g%ﬁpﬁ b5t aEAFe Hoe) RS L e T e
t th
S hoat ed HP ROEHURERC & %tn%aﬁ?o%%ﬁﬁﬁlga‘f&% BRI v e L e, o

steam guided in t he eatln chanber r.na |ve

Super hoat oif BFBLARNAR AL B AT HERNER, Ayl HBiED M Uy 20y am?@ e
coated or nolded with a_ radi ve absorbi ng terial s ferrite for
gener at i ng%&tﬁawngaBsﬁﬁ'Vlﬁ’irﬁg \r,?}? ¢ionaeeld distxihwidagh 03%%6? BPng and
re- evaporating the steam is efficiently_ heated by n1cro es to be
hot pl at e, betiestieAe2f &s pHE détﬁféll}’l@&t"étﬁ koM Seiadine parbition W V\ﬁl&t % ng
chanber . Besi des, since_ it absorbs m crowaves considerab

effective notlasdde trasuenPraatiatdgonyhelequdy mare tﬁ@rmﬁdctlbvbél\?ebogfé’a%hl ng up
to the object of heating.
heating partition wall, and the superheated steam from the steam

generator 15 is discharged to the bottom of the heating chamber 13.
In such constitution, the bottom heating partition wall 22
absorbs microwaves to rise in temperature, and the heat is directly
transmitted to the object, so that the heating efficiency is excellent.
Besides, the superheated steam is once discharged to the bottom of
the heating chamber, when taking out the object by opening the door
after heating, the user is not exposed to high temperature
superheated steam discharged by mistake. The superheated steam
introduced into the heating chamber passes through the
penetration holes 27 in the heating partition wall 22, and the heat
is effectively given, and lowering of temperature is prevented.
The heating partition wall as the superheated steam
maintaining means is provided in both upper and lower parts of the
heating chambers in both embodiments in Fig. 1 and Fig. 3, but it
may be provided in the upper side of the heating chamber alone, or
in the lower side of the heating chamber alone. Anyway, as far as
a sufficient heat is applied to the superheated steam introduced

into the heating chamber, it may be supplied from one direction only,

15



Finally is shown an exanple of form ng the superheated steam nmaintaining
means by an electric heat source provided in the
10 heati ng chanber. This is to apply the invention in the
heati ng apparatus known as the oven range, and it is intended to heat the
super heated steam by the electric heat source disposed in the heating
chanber. The control unit 21 interprets the heating command code
entered fromthe heating co nd key 11, and reads out the , specified
heating coMdf¥eBnthe sifle Wanopy rear walk nelthemy g atvharrsiderednt? control
data of the steam generator 15, that is, input control data to the
i nverter corm hgatingirastitiomsaliyondive vides exeaptular dunteor. aothhe feed
wat er punp_ 19, and the data showing the current feed condition to the
magnet r on daommeayths @dso fhemeddasaheatipgbpastither walt byl furaliskinguch as
time series data of each bl ock

with an inspection window.

In the embodiments, without using sensor or detecting
means, according to the heating method entered from the input
means, heating is carried out according to the heating condition
predetermined in the memory means, but it may be also realized by
using detecting means for measuring the environments in the
heating chamber, and feeding back the current to the steam
generator. Such detecting means may include temperature
detecting means or humidity detecting means.

The steam generator is not limited to the illustrated
example in the embodiments, but any means may be used as far as
superheated steam can be generated. For example, an ultrasonic
vibrator may be provided in the boiler, and fine water drops are
formed for heating the heat source, thereby generating superheated
steam.

As explained herein, the invention brings about the
following effects.

(1) By heating the object placed in the heating chamber
while irradiating with microwaves in superheated steam, the object
can be heated efficiently from both inside and outside without

wetting its surface.

(2) By changing over and using either the superheated

16



or nunerical expressions. In the case of a numerical expression, the
control unit 21 calculates it to obtain tinme series data, and according to
the obtained tine series data, by input control to the inverter coil 18,
feed water volune control to the feed water punp 19, and current feed
control to the magnetron 14, the tenperature and volune of the superheated
steamfed into the heating chanber 13 and the fooﬂ tegperaturebarﬁ Cod o5
controlled to be predeterm ned values. The object to be heate

is put on a?tFF‘Hy02653rfé‘\fPﬁ@d itet dep e pdinprastherispe rafytins foed pedy so as
not to contact wwth the |ower heating ﬁartition wal | 22. The upper heating
partition nging pxyrpand 4é8sdsppeshgatad t$heaan pasdt istesmi helbw
illustrated exanple by neans of plural side wall rails 23. In such _
constituti ¢gturation temperature during heating, optilnum heating foy tdiesposi ng

the upper heating partition wall 22 at optinum
food can be done efficiently.

(3) By using superheated steam at least in a certain
period during heating, the crust of bread or fried food can be dried
intentionally.

(4) Superheated steam can be generated easily.

(5) By the superheated steam maintaining means, the
superheated steam supplied into the heating chamber is prevented
from lowering below the saturation temperature, so that the
superheated steam remains as it is.

(6) The partition wall of porous material such as ceramic
or fibers of paper or cloth for absorbing part of superheated steam
prevents dew condensation on the wall by steam, and re-evaporates
the moisture absorbed by microwaves, and lowers the steam volume
and temperature in the heating chamber

(7) The partition wall made of water repellent dielectric
material does not absorb superheated moisture, but absorbs
microwaves to rise in temperature, and exhibits a hot plate effect to
prevent decline of temperature of superheated steam.

(8) The partition wall coated or molded with radio wave
absorbing material such as ferrite, or the electric heat source
provided in the heating chamber also exhibits a hot plate effect to

prevent decline of temperature of superheated steam.
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position depending on the type or shape of the object, the space to be
filled wth superheated steam can be set smaller, so that the object 25

can be heated nore efficiently. Fig. 3 is a diagram show ng the
tenperature of superheated steamin the heating chanber and the supply
state of mcrowaves in the heating process of the invention. In (a),

em ssion of mcrowaves is stopped in the rise period Runtil the heating
chanber reaches 120C. This is particularly effective in warm ng of steaned
food such as dunpl (g Fhhemtnarheatedostkamdeant bvaeifeutiveimt etilizdes t hat is
|ikely to be heated unevenly such as frozen TV dinner. Her ei n
speaki ng brdesfandialgoan thefesdeallde siparhedted steupe nwattain sgamenefsers to
steam hi gher than the saturation tenperature at a certain pressure, and
for exanpl @roatided ditlanyt aprthesupee( sive af ohe pharticg phasshdeprevdntsef ers to
steam hi gher than 100[err]. Wen the object containing noisture such as

food is heatead colylesisabicaupar tieatedinp aamthenéipe it te@MPRI3E Wi dell t he
super heat ed steam drops bel ow 100[err]C, it maintains the capacity of

evapor ati ngntbeth@i kéatiagh chanitg ekiedew adgosloesn Nfie 4ROR, it redl eCt i f
a dry object is heated. It also has a high heat energy, and heat is

exchanged gfre@ehitited Mrep dfhguslEf acahef tdoae object. In the

(10) The superheated steam maintaining means provided
at least at the lower side of the heating chamber, by putting the food
directly on this superheated steam maintaining means, conducts
the absorbed thermal energy effectively to the food as hot plate,
which improves uneven heating due to presence of standing waves
characteristic of microwaves.

(11) By disposing the superheated steam maintaining
means at proper position in the heating chamber by detaching and
attaching depending on the kind, shape and amount of food, the
space to be filled with saturated steam is varied freely, so that
heating can be done efficiently in a short time.

(12) The superheated steam maintaining means having
penetration holes provided at least at the lower side of the heating
chamber applies heat to the guided superheated steam while
passing through the holes, thereby re-evaporating and returning to

superheated steam.

Industrial Applicability

According to the invention, as described herein, since the

18



i ndustrial field, the superheated steam has recently cone to be used as

the drying neans in the food processing field. On the other hand,
m crowave heating is known to heat the _ 12
obj ect fromboth inside and outside sinultaneously as the microwaves _
penetrate deeply into the object. However, the heating chanber is a kind

of hollow resonator for mcrowaves, and standing waves are forned, and

strong el ecthjeet fswrihd aandheetdod gkechéioselli BydsappeReatdd &dtRake! wnigh a flat
heating pattern. This is the cause of uneven heating characteristic of

m crowave ax@flous foods canlbe fa&vdrA®ly M@t DY Mhdtow 2kes WPigah Wikg huge
thermal energy of superheated steam and notices its nature of not wetting

the obj ect.vabhély b8 fodds @hHi BWhERtdd'8a VEAIHIHI %ﬂ@&ﬁ@f@, i&o’gggn%%o.(t%)e’ the

super heat ed steam qui ckly encl oses the frozéen di nner an egins to thaw

- the surfacen oWVl Y hed®n N PiNRush8Pdn et ﬂ?vention, the food can be

heated while emitting microwaves in superheated steam, and the
food can be heated efficiently from inside and outside without
wetting its surface. Depending on the type of the food,
superheated steam or saturated vapor can be changed over and used,
or during heating, superheated steam and steam below saturation
temperature can be changed over and used, so that optimum heating
suited to the food can be done efficiently. Moreover, by using
superheated steam at least in a certain period during heating, the
food can be dried intentionally.

Types of food to which the invention is applicable include
frozen TV dinner, frozen bread, frozen fried food, and other food
materials that were hard to thaw and reheat by the conventional
microwave heating.

Not limited to foods, it may be also applied to various
materials having a wide range of dielectric loss. For example, it
can be applied in melting of synthetic resin, softening of adhesive,
drying of wood, and other materials demanding delicate heating
used in wide industrial fields.

As the heat source, aside from microwave ovens, an
alternating electric field of high frequency and others are also

usable.
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nicromave has the nature of entering fromfour corners of the food,

flrst
di el ec

]

hardly

into the center, and therefore when the mcrowave alone is used,
ﬂﬂwmﬁtmujﬂﬂm melted, and once nelted, since water has a
than thousand tines that of ice, the mcrowave is

concentrated in'thi's area. In the i nvention, wutilizing the superheated

st eam

too, the central ice portion of the frozen food is thawed

simul taneously with four corners. Once beginning to thaw, concentration
of microwaWemtiis eldmest bsrs is | essened. This effect is al so
obtained in the ordinary saturated vapor. But, by using saturated vapor,
dew i s condensed ilmmedlimicloy aore hhetingiabpeeadhstdvanpriszeg « bedtirnd t he

surface is wetted as the heating proceeds.

A slight noisture may inprove

the fini shchambee dase astomonogpdiing drhmaubwcgertp thet héated,a steald emin
grilled fish. It is a 13

generating means capable of supplying superheated steam to the
heating chamber, superheated steam maintaining means provided
in the heating chamber to prevent the temperature of the
superheated steam from lowering, and microwave generating means
for irradiating the object with microwaves.

2. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, either the superheated steam or
the steam below the saturation temperature is changed over and
supplied into the heating chamber.

3. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, the superheated steam or the
steam below the saturation temperature is changed over during
heating, and is supplied into the heating chamber.

4. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, it is designed to dry by using the
superheated steam at least in a certain period during heating.

5. A microwave heating apparatus of claim 1, wherein the
steam generating means includes a heat source exceeding the
saturation temperature, and water is dropped thereon.

6. A microwave heating apparatus of claim 1, wherein the
superheated steam maintaining means is formed of a partition wall

made of porous material such as ceramic capable of absorbing
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fatal defect if water from dew condensati on drops on cooked rice. By the

super | nce the noisture contained in the food is boiled

N nstaﬁﬂiﬂﬁmﬁgﬂulﬁw is not wetted, and the cooking finish is

dr ama in this respect. (Enbodi nent 2) In
(b) is shown an exanple of changing the steam tenperature while heating in
the heating chanber, and the first half is a nmediumnoisture state at

around 60[ grtd@nd the second half is rapidly changed to superheated
st eam of 120?err]C. At the sane tine, the mcrowave is decreased

gradually. It was 7ParAirn$fUrﬁWaXze ﬁ%}igﬁ%ia’ é{ht*ﬁ%a&édélgri]@f]f,‘;x?ggr%gg%ﬁ@d to

finish wwth a crisp surface, suc s frozen brea That is,
whi l e prevent i ryi f -\ | |.0 . sat urat i on

t enper at ursel%%l[n}get%t%df%%%tn?t%%ﬁﬂgﬁmeg\i/%n %‘2% |%§3'§§g}rln%grao§%%§%}osn @ﬁlght |y

| essened, _and.the sprface is,dried at _once by, the superheated steamin the
second hal ‘fan%ammg Hb‘?ﬁ% SRER PP cRARP AL OF ecﬁoﬁht ﬁgpggg n%eﬁ}lsf’rﬁghg be
optimally selected according to the food. Favorable results were obtained
at around®8838HC in the frozen bread, and slightly higher around

80[err]C in the fried food. To warm steaned foo uch as dunpli and

meat pie, favorabPe r éﬁ*‘i’gw\ﬁé’reeh%%?&igr?éipwtéﬁs&@?hﬂ ﬁo‘i"gﬁg&é‘ the
superheated steam maintaining means is formed of a partition wall
composed of a water repellent dielectric material.

9. A microwave heating apparatus of claim 1, wherein the
superheated steam maintaining means is formed of a partition
wall coated or molded with radio wave absorbing material such as
ferrite for generating heat by absorbing microwaves.

10. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is composed of an
electric heat source provided in the heating chamber.

11. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is disposed at least on
the top of the heating chamber.

12. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is provided at least at
the lower side of the heating chamber, and the object to be heated is
directly put on the superheated steam maintaining means.

13. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means includes detachably

formed partition walls provided at plural positions in the heating

This Sheet Hag Been Replaced TH‘S SHEET HAS BEEN
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sufficiently in the food with the saturated vapor at 100[err]C
( Enmbodi ig. 4 is a front sectional view of a heating
chanberm1 u ”MI“”‘HI"" nt enbodi ment, in which the magnetron 14 is
14 * ¢ dispwsed at both ceiling and bottom of the heating chanber.
This top-bottom power feeding is a practical technol ogy w dely enpl oyed
I n professional mcrowave oven, and a high output is obtained while
mai ntai ning a favorable electric field distributign. The gbject to be
heat ed 25 fRapherdigntiipycdistitittedospons Heabe ripRaklei of ddivatinerdhe ot on
the tray. Penetratjion holes 27 are forned in the bottom heating gartition
wal |, and Pheitiemdanendiassenihetyme. tHee Sretnantidhaiathy ohpdtstogbechar ged
to the bottom of the heating chanber 13. In such constitution, the
bott om heaheatedartiti on wall 22 absorbs microwaves to rise in
tenperature, and the heat is directly
14. A microwave heating apparatus of claim 1, wherein

the superheated steam maintaining means is disposed at least at

the lower side of the heating chamber, and has penetration holes,

the superheated steam supplied from the steam generating means is

supplied beneath the superheated steam maintaining means, and

the object is put above the superheated steam maintaining means.

15. A microwave heating apparatus for putting the object
to be heated in a heating chamber, and irradiating the object with
microwaves while supplying superheated steam into this heating

chamber so as to prevent decline of temperature of the superheated

steam in the heating chamber.
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transmtted to the object, so that the heating efficiency is excellent.

Besi des, the superheated steamis once discharged to the bottomof the
heati ng chanber, when taking out the object by opening the door after

heati ng, the user is not exposed to high tenperature superheated steam

di scharged by m stake. The superheated steam introduced into the heating
chanber passes through the penetration holes 27 in the heating partition
wal | 22, and the heat. is effectively given, and |lowering of tenperature is
prevent ed. Abstract of the Thsslesigepartition wall as the superheated steam

mai ntai ni ng means i s provided in both upper and |ower parts of the heating
chanbers in both disoievemtigniis intgndedatpdhpry.a odar othermbyedletor ovi ded
in the upper side of the heating chanber alone, or in the |ower side of

t he heat i nhe chheatisar fayorahlyAbywaganasof aricagwayesuwhiits emclowiag the appl i ed
to the superheated steamintroduced into the heating chanber, it may be
suppl i ed ffomd owétldi seperlonted! steam. To achieve this purpose, the 15

apparatus comprises a heating chamber in which an object to be
heated is put, steam generating means for supplying superheated
steam to the heating chamber, superheated steam maintaining
means provided in the heating chamber to prevent the temperature
of the superheated steam from lowering, and microwave generating
means for irradiating the object with microwaves, whereby the
object placed in the heating chamber is heated in superheated steam
with microwaves, so that the food is efficiently heated from inside

and outside and the food is not wetted.
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or fromthe side wall or rear wall. It may be al so considered to form
heating partition walls on five sides except for the door, or the door nmay
be al so fwowedsms heating partition wall by furnishing W tgepipgssfecti on
W ndow. In the enbodi nents, gy hout using sensor or detecting
means, according to the heating netho ntered fromthe input neans,
heating is carried out according to the heating condition predetermned in
the nenory nmeans, but it may be also realized by using detecting neans for
measuri ng thagenvi onments in the heating chanber, and feeding back the
current to t 1§§e m gener ator. Such detecting nmeans may incl ude
tenperature detecting neans or humdity detecti nmeans. The
steam generator is not limted to the illustrate exanple in the

enbodi ments, but any neans may be ufed as Tar 3 super heat ed steam can be
generated. For exanple, an ultrasonjc _vibrator] may be provided in the
boiler, and fine water drops are fpr ™5 hdating the heat source,

t her eby generating superheated 14tepm As expl ai ned herein, the
i nvention brings about the fo)low ng erfgcts. 21 20
Heating |——p| Control unit ___»_Inverter
command key power source
13 14 L
AN B 12
I | a 7
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(1) By heating the object placed in the heating chanber while irradiating
wth ”1Q&8%ﬁ¥ﬁgzin super heated steam the object can be qQﬁ%ﬁgﬁ&kggciently
'nst1de

from bot and outside without wetting its surface. (2) By
changi ng over and using either the superheated
16 steam or saturated vapor @¢fending on the type of the food,

or by changing over and using superheated steam and steam bel ow

saturation tenperature during heating, optinmmheating for the food can be

done efficientlyy. (3) By using superheated steam at least in a
r%LgLéé heat

certain period i ng, the crust of bread or fried food can be

dried intentionally. (4) Superheated steam can be generated
easily. (5) By the superheated steam maintaini ng neans, the
11 8

\

12

. O ——
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super heated steam supplied into the heating chanber is prevented from

| ower i ng/gpgelllgmzt he saturation tenperature, so that the superheated steam
remai ns &S | S. (6) The partition wall of poroﬂ TIRASE2868 such
as ceramc or fibers of paper or clstg for absorbing part of superheated
steam prevents dew condensati on on ﬁ wal | by steam and re-evaporates

t he noi sture absorbed by m crowaves, and | owers the steam volune and
_tenperatur?FLn t heat i ng chanber (7) The partition wall nade of
wat er repel ddg. electric material does not absorb superheated noisture,
~but absorbs mcrowaves to rise in tezpsrature, and exhibits a hot plate
effect to prievent decline of tenperat@/e of superheated steam

(8) The partifion wglk coated or nolded with radio wave absorbing materi al
such as ferrite, opithd glectric heat source provided in the heating
chanmber al so ﬁxhiggtg_q hot plate effect to prevent decline of tenperature
of superheated st T T & ¢
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(9) The superheated steam can be effectively utilized depending on the
food. T eated steam nmai ntai ning neans provided a t he
upper sitwd%gjgpﬁ?ge heati ng chanber prevents dew condensat %éﬁ’ﬁ&?ﬁés ceiling
by the superheated steam guided into the heating chanber and dew drops on
the food, thereby preventing drop of 44Bality of the food. (10)
The superheated steam nmai ntai ning neans provided at |east at the |ower
side of the heating chanber, by putting the food directly on this
super heat ed séf@ﬂ] i ntai ni ng means, conducts the absorbed thernmal energy
effectively t *ﬂgg?zood as hot plate, which inproves uneven heating due to
presence of standing waves characteristic of m crowaves. (11) By
di sposi ng the superheated steam nmintaining_  nmeans at proper position in
t he heating chanber by detaching and attac Zﬁg dependi ng on the kind,
~ shape and amount of food, the 1 illed wwth saturated steamis
varied freely, so that heatingjcan be dong¢ efficiently in a short tine.
(12) The superheat ed st eam mai n{ ai AfsRfFeaps havi ng penetration hol es
provided at least at the |owpy &i f heat i ng

Heating . Inverter
command key]—™ Control unit |[——pm power source|”
L _
13 14 —
23
£,
22 19

27 14 / \

17



chanber“applies heat to the guided superheated steam while passing through

the holgg gzeby re-evaporating and returning to supepReabsgoEEam
Industrlaf App?lcability According to the invention, as described
herein, since the 18 obj ect

such as the food is encl osed by su§€5heated steam and various foods can
be favorably heated by m crowaves, so that a wde variety of foods can be
heated favorably. That is, accordlng to the microwave heating apparatus
of the |nvgﬁ§E2 the food can be heated while emtting m crowaves in
super heat e am and the food can be heated efficiently frominside and
outside without wetting its surface. Dependi ng on the type of the food,
super heat ed steam or saturated vapor can be changed gver and used, or
during heating, superheated steam and steam bel ow saturation

yorowws
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.terrperature can be changed over and used, so that op ﬁeeﬂﬁ L | t ed

e done efficiently. Moreover, by u st eam
i’m ”@iﬂ””’ﬂ”rﬂ"}erl od during heating, the foo
|ntent| Types of food to which the |n i cabl e
include frozen TV di nner, frozen bread, frozen fried food, and ot her food
materials that were hard to t haw and reheat by the conventional m crowave
heat i ng. Not limted to foods, it may be al so applied to various

materi al s Wavangs alavnfled iange of dielectric |oss. For exanple, it can be
applied in nmelting of synthetic resin, softening of adhesive, drying of

wood, and other ngteri atﬁn@afml ng del iR EwASR!l | Rgatiied dpp MMadfs
[ ndust rial fields. the heat source, aside from ni crowave ovens,

an alter ”@&in'b&xﬁ'r&ctarh&a&h@ Qhé’&b*é'rgﬁrf5@&8+EHFdﬁﬁ'i‘Hthhfé96§Je%rtetcﬁb§0

usabl e.
heated, steam generating means for supplying superheated steam to

the heating chamber, superheated steam maintaining means
provided in the heating chamber to prevent the temperature of the
superhéated steam from lowering, and microwave generating means
for irradiating the object with microwaves.

2. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, either the superheated steam or
the steam below the saturation temperature is changed over and
supplied into the heating chamber.

3. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, the superheated steam or the
steam below the saturation temperature is changed over during
heating, and is supplied into the heating chamber.

4. A microwave heating apparatus of claim 1, wherein
depending on the type of the object, it is designed to dry by using the
superheated steam at least in a certain period during heating.

5. A microwave heating apparatus of claim 1, wherein the
steam generating means includes a heat source exceeding the
saturation temperature, and water is dropped thereon.

6. A microwave heating apparatus of claim 1, wherein the
superheated steam maintaining means is formed of a partition wall

made of porous material such as ceramic capable of absorbing
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1. A mcrowave heat I ng

'apparat us H uﬂI“HHﬂ ﬁ |ng ' chanber for acco a @ét to
be heat ed, ating nmeans for supplying su
he and

havi ng terrperature of nore than 100[err]C to t
m crowave generating nmeans for irradiating the object wt h m crow
aves. 2. A mcrowave heating apparatus of claim1l, wherein the

object is placed in the heating chanber, and the m crowaves are
emtted tanbbhesuale) ect while the superheated steamis being supplied
Into the heating chanber. 3. A mcrowave heating apparatus of

claim1, wherein vheAmlcrgtv%@l}g@er&ﬁ?tdmma@%fscuaﬁhlpsuvhéflel%dméIOn to
t he superheat ed steam further I'east one of saturated vapor and

steam at  gypedHIHIEHAtEES H?Al%“t/amﬁléﬁ{ééh?st £Ar13POY off% ﬁQPmbﬁﬁI iv3g) chamber .
4. Am crovvave heati ng apparatus of claim 3, wherein

containing fibers such as paper or cloth capable of absorbing
moisture.

8. A microwave heating apparatus of claim 1, wherein the
superheated steam maintaining means is formed of a partition wall
composed of a water repellent dielectric material,

9. A microwave heating apparatus of claim 1, wherein the
superheated steam maintaining means is formed of a partition wall
coated or molded with radio wave absorbing material such as ferrite
for generating heat by absorbing microwaves.

10. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is composed of an
electric heat source provided in the heating chamber.

11. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is disposed at least on
the top of the heating chamber.

12. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means is provided at least at
the lower side of the heating chamber, and the object to be heated is
directly put on the superheated steam maintaining means.

13. A microwave heating apparatus of claim 1, wherein
the superheated steam maintaining means includes detachably

formed partltlon walls provided at plural positions in the heating
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. 'steam generating neans has a function of controlling the ThisS v
of su muﬁﬂﬂﬂmlﬁaturat ed vapor, and steam at tenﬁ
| ess ﬂ ﬂ e vapor. 5. A mcrowave h

appar at us of ‘cl &i m 3, wherein the st eam generati ng neans has a
function of supplying one of super heated steam saturated vapor, and
steam at tenperature of -2- less

than the saturated vapor to the heati ng chanber depending on the kind of

the obj ectchamber, andbis Aomiséitaadesdaat todhaRRARBLS ok dfl iy Ishdvher ei n
the superheated steamis supplied into the heating chanber, and the

object is ;ﬂddi@fbxp}defibﬁdﬁ&@%&ﬁﬂ@é e9p8! 8&B or quantity 6f theldieeVRYBHeating
apparatus of claiml, wherein the steam generating neans has heat source
and wat er ,, angd oy dropping water onto the heat source, the superheated

steam i s generated. 8. A mcrowave heating apparatus of claim1,

further = comprisifg subeyiegher SHeau PiiAA00 SRS 4 WhEYSH Tno the

tenperature of the superheated steam Ifoweri ng i

the superheated steam maintaining means is disposed at least at
the lower side of the heating chamber, and has penetration holes,
the superheated steam supplied from the steam generating means is
supplied beneath the superheated steam maintaining means, and
the object is put above the superheated steam maintaining means.

15. (Amended) A microwave heating apparatus
comprising a heating chamber, a microwave generating device, and
superheated steam generating means, for putting the object to be
heated in the heating chamber, and irradiating the object with
microwaves while supplying superheated steam generated from the
superheated steam generating means into the heating chamber so
as to prevent decline of temperature of the superheated steam

supplied in the heating chamber.
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heat i hg chanber . \/ 9. A mcrowave heating apparatus of cl ai m 8;

wherein the object is put in the heating chaner, RRpoA¢FMENT] SHEETSS SG
irradiated with mcrowaves while the superheat eg/gésgﬁ (I,nS ﬂlgl stu cb@d‘,
into the heating chanber so as to prevent decli yr e wf ‘; §§_.
super heated steam 10. A mcrowave heflth .....%%d@e@a....
wherein the steam generating neans supplies, iin gg % aged _____
superheated steam further at |east one of satyr t{f‘ﬁ ?n

tenperature bel ow the saturated vapor tQ;the he*atl chanber .
A mcrowave heating apparatus of claim 8, whergi @A QFSIE@QElgﬁte-d

s’te

mai ntai ni ng neans i s conposed of a partition wall capable of absorbl ng
noi sture. Title of the Invention S HET 1

3 MAR 1998
Mi 1 .

Microwave heating apparatus and microwave heating method

Technical Field of the Invention
The present invention relates to a heating apparatus using

microwaves for heating various objects such as foods promptly while

maintaining a favorable quality.

Background Art

Hitherto, as a heating apparatus of this type, for example,
the food thawing cooking oven as disclosed in Japanese Patent
Publication No. 55-51541 has been known. Fig. 5 shows its
constitution, in which an agitator 3 is provided in a ceiling 2 of an
oven 1 which can be enclosed tightly, and a magnetron irradiation
unit 4 is disposed nearby. A detachable food rack 5 is provided in
the oven 1, aliquid pan 6 for feeding water or oil is disposed beneath,
and a heater 7 by gas or electric heating is disposed further beneath.
By the combination of magnetron irradiation unit 4, liquid pan 6,
and heater 7, both heating by magnetron irradiation from above and
steam heating by boiling water from beneath can be combined.

When heating the food by such constitution, combination of
internal heating by magnetron irradiation and steam heating by

steam can be selected corresponding to the cooking menu. Besides,
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-3- 12. A microwave heating apparatus of claim 11, wherein the

partition wall is formed of porous ceram cs or inorganic nmaterial.
13. A microwave heating apparatus of claim1l, wherein the partition wall
is formed of fibers. 14. A mcrowave heating apparatus of claimS8,

wherein the superheated steam maintaining nmeans is conposed of a

partition generating heat by the m crowaves. 15. A
nicromave” mnaﬂﬂ lﬁ “s of claim 14, wherein the partition wall

contains a*wat er. repekl ent dielectric material. 16. A mcrowave
heating apparatus of claim 14, wherein tHe partition wall contains a radio
wave absorbing material. 17. A mcrowave heating apparatus of

claim8, wherein the superheated steam naintai ning nmeans i s conposed of an
el ectric heag,sQurc rovided in the heating chanber, and | owering of
tenperaturea%?”¥ E;§H§Er%&§§éd steamis prevented by the hot plate effect
of the heat source.

. 18. A,m crowave heating appar.atus .of claim8,
wherein the superhéat ¢ BEEEHY AT ﬁe&&h?ﬁga%aawg“issgwggbss@g 8hqaABE one
of near the Yopey s r koo o ating "Fhe Sobfedt fo' b R0 10a, COARS"

generating means for supplying superheated steam having
tempe;rature of more than 100C to the heating chamber, and
microwave generating means for irradiating the object with
microwaves.

2. A microwave heating apparatus of claim 1, wherein the
object is placed in the heating chamber, and the microwaves are
emitted to the object while the superheated steam is being supplied
into the heating chamber.

3. A microwave heating apparatus of claim 1, wherein the
steam generating means supplies, in addition to the superheated
steam, further at least one of saturated vapor and steam at
temperature below the saturated vapor to the heating chamber.

4. A microwave heating apparatus of claim 3, wherein the
steam generating means has a function of controlling the
temperature of superheated steam, saturated vapor, and steam at
temperature of less than the saturated vapor.

5. A microwave heating apparatus of claim 3, wherein the

steam generating means has a function of supplying one of

superheated steam, saturated vapor, and steam at temperature of

riem s




19. A nmicrowave heating apparatus of claim8, wherein the superheated

steam mai ntai ning neans i s disposed at | east near the I‘n gulﬂ!m m 3“
heati ng chanber, and the object is directly put on th tm él H Em
mai nt ai ni ng neans. et oms .

C L o -4- 20. A

m crowave heating apparatus of claim8, wherein t he super heat ed

st eam mai nt deas v ameting sahuratkd vdepadhedibleyheating chambed depemdingromal | s
provi ded at plural positions in the heating chanber, and the
position of theekjpad toftthenobgddts can be adj usted dependi ng on the
type of the object. 21. A mcrowave heating apparatus of
claim 8, wherein 6. A mnhiersuperdhieed e gsd mramataisnifadlaimgl ,meaeseimehéeldes a
partition wall di sposed at | east at near the |lower side of the

heati ng chamigferhidited steamtizesppplield Ditorthe Hagingl dtahberpasd figet he
super heated steam the object is placed at an upper position of the

partition wajdjectiisl died by the suyRehRedt&dtehaam from t he steam generati ng

means i s supplied to the lower side of the partition wall.

22. A microwave heati nga @i&@dvd‘v@'h@@ﬁhigrwp@é‘r&mse&ﬁclaim 1, wherein the
steam generating means has heat source and water, and by dropping
water onto the heat source, the superheated steam ié generated.

8. A microwave heating apparatus of claim 1, further
comprising superheated steam maintaining means for preventing
the temperature of the superheated steam from lowering in the
heating chamber.

9. A microwave heating apparatus of claim 8, wherein the
object is put in the heating chamber, and the object is irradiated
with microwaves while the superheated steam is being supplied into
the heating chamber so as to prevent decline of temperature of the
superheated steam.

10. A microwave heating apparatus of claim 8, wherein
the steam generating means supplies, in addition to the
superheated steam, further at least one of saturated vapor and
steam at temperature below the saturated vapor to the heating
chamber.

11. A microwave heating apparatus of claim 8, wherein
the superheated steam maintaining means is composed of a

partition wall capable of absorbing moisture.

RATRIED CRER
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m Ccr owaves,
t enperature

(3) supplying superheated steam havi ng
nore than 100[err]C to the heating chanber

23. A microwave heating nethod of claim22, .further conprising (4)

I rradiating

the object with m crowaves, whi ?é si mul t aneousl y

suppl ying at |east dife oft waexavased heatong apd astadamof claim af, mesretihan t he
tenperature of saturated vapor to the heating chanber .

24. A mcrowblve beatithen netalbdisoffoc heidn &3, poroarseicerhhdcs or inetgaribeat ed

st eam and at

| ess than t hmatemperat ure of saturated vapor are nmutually changed

supplied int

| east one of saturated vapor and steam at ML3 FAR 1998 / 4
an

o the heating chanber.
13. A microwave heating apparatus of claim 11, wherein

the partition wall is formed of fibers.

14. A microwave heating apparatus of claim 8, wherein
the superheated steam maintaining means is composed of a
partition wall capable of generating heat by the microwaves.

15. A microwave heating apparatus of claim 14, wherein
the partition wall contains a water repellent dielectric material.

16. A microwave heating apparatus of claim 14, wherein
the partition wall contains a radio wave absorbing material.

17. A microwave heating apparatus of claim 8, wherein
the superheated steam maintaining means is composed of an
electric heat source provided in the heating chamber, and lowering
of temperature of the superheated steam is prevented by the hot
plate effect of the heat source.

18. A microwave heating apparatus of claim 8, wherein
the superheated steam maintaining means is disposed at least one
of near the upper side and near the lower side of the heating
chamber.

19. A microwave heating apparatus of claim 8, wherein
the superheated steam maintaining means is disposed at least near
the lower side of the heating chamber, and the object is directly put

on the superheated steam maintaining means.
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25. A mcrowave heating nmethod of claim 22, wherein the superheated steam
Is reheated in the heating chanber, and the m crowaves are e he
object while maintaining the tenperature of the superheated g' ,’ ",l ”,I””"I
26. A mcrowave heating nethod of claim22, further conprising (&) "y " fHia
preventing the tenperature of the superheajed steamsupplied in the
heati ng chanber from | owering, by the superheated steam maintaining nmeans
provided in the he&Pi ng® ®maaraepve heating pyparatyscebwhdien nbatibryeddt hod of
claim 26, wherein the superheated steam maintaining neans is conposed of a
partition ke Isungrdisiateds sabsor bnagnimindnar meante inghed¢re ad eld cdxaddm
supplied in the heating chanber is absorbed in the partition wall, and the
absor bed sujsentredivedtitieanwiadlsheaoeleahat plioyal posationsviaw bbe heating  28.
A mcrowave heating nethod of claim27, wherein the partition wall is
conposed ofchxonbes, matderthal poaitdon hef tbhe ggantétion wialbks sapebbeadjpdtetieam i s
absorbed in the porous materi-al. 29. A mcrowave heating nethod of
claim 26, whegendidden shpeybeaifexhesbbigatiai nt ai ni ng neans i s conposed of a
partition wall capable of generating heat by the m crowaves, and the
super heat ed steam upplAeghitfowhee Noadting sppaberuyd sf heaiRds agitidrein
the superheated steam maintaining means includes a partition wall
disposed at least at near the lower side of the heating chamber, and
the partition wall has holes for passing the superheated steam, the
object is placed at an upper position of the partition wall, and the
superheated steam from the steam generating means is supplied to
the lower side of the partition wall.
22. A microwave heating method for heating an object,
comprising the steps of;
(1) putting the object in a heating chamber,
(2) irradiating the object with microwaves, and
(3) supplying superheated steam having temperature
more than 100°C to the heating chamber
23. A microwave heating method of claim 22, further
comprising (4) irradiating the object with microwaves, while
simultaneously supplying at least one of saturated vapor and steam
at less than the temperature of saturated vapor to the heating
chamber.

24. A microwave heating method of claim 23, wherein the

superheated steam and at least one of saturated vapor and steam at
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by the partition wall generating heat. 30. A mcrowave heating

nmet hod of cl ai | e [err]

-6- partiti on'mw’m#mn ‘m | east one of dielectric nmaterial and radio
wave absorbi ng« s ox 31. A microwave heating nethod of claim
26, wherein the superheated steam nmaint aitsni ng neans has a partition wall

di sposed at |east near the |ower end of the heating chanber, the partition

wal | has hdless than phe demp ¢ted usapdrdndatraded tvemor attemojuadly thapged at an

upward position of the partition wall, the superheated steam is supplied
to the | owervesi dedo$uppbedaimtiot ilonbheaking ahdntber. super heat ed st eam
supplied to the ower side of the partition wall is supplied to the object

t hrough the hol es. 25. A microwave heating method of claim 22, wherein the
superheated steam is reheated in the heating chamber, and the
microwaves are emitted to the object while maintaining the
temperature of the superheated steam.

26. A microwave heating method of claim 22, further
compﬁsing (4) preventing the temperature of the superheated
steam supplied in the heating chamber from lowering, by the
superheated steam maintaining means provided in the heating
chamber

27. A microwave heating method of claim 26, wherein the
superheated steam maintaining means is composed of a partition
wall capable of absorbing moisture, the superheated steam supplied
in the heating chamber is absorbed in the partition wall, and the
absorbed superheated steam is heated again by the microwaves.

28. A microwave heating method of claim 27, wherein the
partition wall is composed of porous material, and the moisture in
the superheated steam is absorbed in the porous material.

29. A microwave heating method of claim 26, wherein the
superheated steam maintaining means is composed of a partition
wall capable of generating heat by the microwaves, and the
superheated steam supplied in the heating chamber is heated again
by the partition wall generating heat.

30. A microwave heating method of claim 29, wherein the

- s menie s
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32. A microwave heati ng nmet hod of claim 22, wherein the superheated steam
dries the object without wetting its surface. 33. Au"lmr
heating method of claim 22, wherein the superheated steami [ m"m#“',
the surface of the object in the state of the m crowaves bei'ng‘enmttted to0 *
t he obj ect. 34. A mcrowave heating nethod of claim22, wherein
the superheated steamis generated by dfopping water onto the heat
source. partition wall cdiBtaVAR 4t st one of dielectric material and radio
wave absorbing material.
31. A microwave heating method of claim 26, wherein the
superheated steam maintaining means has a partition wall disposed
at least near the lower end of the heating chamber, the partition
wall has holes for passing the superheated steam, the object is put
at an upward position of the partition wall, the superheated steam
is supplied to the lower side of the partition wall, and the
superheated steam supplied to the lower side of the partition wall is
supplied to the object through the holes.
32. A microwave heating method of claim 22, wherein the
superheated steam dries the object without wetting its surface.
33. A microwave heating method of claim 22, wherein the
superheated steam is supplied near the surface of the object in the
state of the microwaves being emitted to the object.
34. A microwave heating method of claim 22, wherein the
superheated steam is generated by dropping water onto the heat

source.
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