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ABSTRACT

A space potential generator according to the present invention includes a transformer
formed by magnetically connecting a primary coil and a secondary coil, a feedback control
circuit feeding back one terminal of the secondary coil to one terminal of the primary coil
to adjust voltage of the secondary coil, an output control portion provided on the other
terminal of the secondary coil to impart low frequency vibration to an output of the
secondary coil, a static electricity discharger formed of conductive material and provided
on the other terminal of the secondary coil via the output control portion, the spacc potential
generator does not have a grounding clectrode, a weak current flowing through the
secondary coil is 0.002 to 0.2 A, the static electricity discharger is covered with an
insulating member to discharge predetermined static electricity to surrounding space, and
electric field of target voltage is formed in the surrounding space by the discharged static

electricity.
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SPACE POTENTIAL GENERATION DEVICE, A STORAGE DEVICE FOR
MAINTAINING A FRESHNESS OF AN OBJECT STORED THEREIN USING SUCH
SPACE POTENTIAL GENERATION DEVICE, AND FRYER PROVIDED WITH
SUCH SPACE POTENTIAL GENERATION DEVICE

FIELD OF THE DISCLOSURE

[0001] The present invention relates to a space potential generation device that
discharges a static electricity to a space to form an electric field, a storage device for
maintaining a freshness of an object such as foods or the like existed therein using the space

potential generation device, and a fryer provided with the space potential generation device.
BACKGROUND

[0002] Conventionally, preserving food in an electric field is proposed to suppress

bacteria growth and prevent deterioration of the food (Patent documents 1 to 3).

[0003] The invention described in the patent document 1 aims for performing an
electric field processing evenly to objects. An inner electrode and an outer electrode, which
is arranged around the inner electrode, are provided. An electric field processing area is
formed between the inner electrode and the outer electrode. By applying an AC voltage
having the same polarity to each of the electrodes, a positive electric field and a negative

electric field are alternately generated on the electric field processing area.

[0004] In the invention described in the patent document 2, a conductive electrode is
provided in a refrigerator as a shelf board, and the conductive electrode is connected to a
high voltage generator provided outside the refrigerator. Thus, an electrostatic field is

generated around the conductive electrode, which is provided as the shelf board.

[0005] In the invention described in the patent document 3, a pair of electrodes is
provided in a storage compartment, and an electric field is formed in the storage

compartment by applying a voltage to the pair of electrodes.

[0006] [Patent Document 1] International Publication No. W02006/054348

1
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[0007] [Patent Document 2] Japanese patent No. 4445594

[0008] [Patent Document 3] Japanese Unexamined Patent Application Publication No.
2012-207900.

[0009] This background information is provided to reveal information believed by the
applicant to be of possible relevance. No admission is necessarily intended, nor should be
construed, that any of the preceding information constitutes prior art or forms part of the

general common knowledge in the relevant art.
SUMMARY

[0010] The following presents a simplified summary of the general inventive
concept(s) described herein to provide a basic understanding of some aspects of the
disclosure. This summary is not an extensive overview of the disclosure. It is not intended
to restrict key or critical elements of embodiments of the disclosurc or to delineate their
scope beyond that which is explicitly or implicitly described by the following description

and claims.
[0011] [Problem to be solved by the Invention]

[0012] In the inventions described in the patent documents 1 to 3, the electric field is
formed and food is preserved in the electric field. Thus, bacteria growth is suppressed and

deterioration of the food is prevented.

[0013] However, in the inventions described in the patent documents 1 to 3, the clectric
field is formed between the electrodes and the food is preserved in the electric field formed
between the electrodes. Therefore, two or more outputs are necessarily required and a
structure becomes complicated. Furthermore, a size of the space to store the food is limited

because a distance between the electrodes is limited.

[0014] In the invention described in the patent document 2, judging from its circuit
configuration, the electric field can be formed only immediately near the conductive
electrode, which is provided as the shelf board. Therefore, unless the food is in contact with
the shelf board, an effect of the electric field cannot be obtained.

2

3020P-SPG-CAPI

CA 2939177 2019-10-02



15

20

23

[0015] In particular, in the inventions described in the patent documents 2 and 3,
judging from their configurations, the effect can be obtained only when an electrode shelf
board is provided entirely in the refrigerator. Therefore, the shelf board having a dimension
corresponding to the size of the refrigerator should be preliminarily produced and the
produced shelf board should be installed on the refrigerator by a welding work or the like.
When post-installing the space potential generation device in a refrigerating compartment
or the like, cost and time are needed and a large amount of facility investment is required.
In addition, since the electrode shelf board should be installed in the refrigerator, a capacity

of the refrigerator is reduced by the electrode shelf board.

[0016] Also in the invention described in the patent document 1, the electric field is
formed only at a space between two or more electrodes. Therefore, a plurality of electrodes
having a dimension corresponding to the size of the refrigerator should be preliminarily
produced and the produced electrodes should be installed to cover whole the refrigerator.
Thus, a location to install the electrodes is limited. It is difficult to post-install the electrodes

in an existing refrigerator or the like.

[0017] In the invention described in the patent documents 1 to 3, current intensity is

high. Therefore, an electromagnetic shicld should be installed in entire the refrigerator.

[0018] Furthermore, in a case of a large-size prefabricated refrigerator or a large-scale
storehouse, a voltage of 5000 to 10000 V is required to supply electricity to a large-sized
electrode shelf board or electrodes. Thus, electricity bill is expensive. In addition, the food
to be preserved is directly placed on the electrode shelf board to which the voltage of 5000
to 10000 V is applied. Therefore, electricity may be charged on a human body when a

worker touches the food.

[0019] Furthermore, in the invention described in the patent documents | to 3, the
electrode shelf board should be installed or a plurality of electrodes should be installed at
a predetermined interval. Therefore, when installing them, the food in the refrigerator

should be temporarily moved to another place.
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[0020] Furthermore, in the invention described in the patent documents 1 to 3, an
extremely large transformer having a large number of turns is required to obtain a necessary

output voltage. Therefore, the device as a whole becomes large.

[0021]  The present invention can solve the above described conventional problems.
The present invention provides a space potential generation device and a storage device for
maintaining a freshness of an object stored therein using the space potential generation
device enabling to downsize the device as a whole, keep a capacity of the refrigerator same
as before the space potential generation device is installed, and generate an electric ficld in

a wide range.

[0022] In addition, the present invention provides a fryer that efficiently forms an
clectric field in an oil tub to prevent deterioration of oil and generation of acrylamide,

shorten time required for frying, and reduce fat and oil smoke.
[0023] [Means for solving the problem]

[0024] A space potential generation device according to the present invention
comprises: a transformer that is formed by magnetically connecting a primary coil and a
secondary coil; a feedback control circuit that feeds back one terminal of the secondary
coil to one terminal of the primary coil to adjust a voltage of the secondary coil; an output
control portion that is provided on the other terminal of the secondary coil to impart a low
frequency vibration to an output of the secondary coil; and a static electricity discharger
that is formed of a conductive material and provided on the other terminal of the secondary
coil via the output control portion, wherein the space potential generation device does not
have a grounding electrode, a current flowing through the sccondary coil is a weak current
having a range of 0.002 to 0.2 A, the static electricity discharger is covered with an
insulating member having a predetermined insulating property suitable for allowing the
static electricity discharger to discharge a static electricity of a predetermined voltage to a
surrounding space, and an electric field of a target voltage is formed in the surrounding

space by the static electricity discharged from the static electricity discharger.

3020P-SPG-CAPL

CA 2939177 2019-10-02



10

15

20

25

[0025] A frequency of the low frequency vibration imparted to the static electricity
discharger can be preferably within a range of 40 to 60 Hz.

[0026] A voltage value of the static electricity discharged from the static electricity
discharger via the insulating member can be specified according to a size of the space in
which the electric field is formed so as to form the electric field capable of applying a
voltage of at least 5 V to the object existed in the surrounding space of the static electricity
discharger. Therefore, in addition to the voltage value inputted, values of the transformer,
the feedback control circuit and the output control portion, and a material and a size of the
insulating material can be determined so that the voltage value of the static clectricity
discharged from the static electricity discharger via the insulating member becomes the

specified value.

[0027] The material used as the insulating member is not limited. For example, a
rubber, a polyethylene (PE), an acrylic, a polycarbonate, a cardboard, a polyethylene
terephthalate (PET), and a wood can be used.

[0028]  Although the static electricity discharger can be completely covered with the
insulating member, the insulating member can be formed by a plate material having small

holes, for example. In this case, a shape of the holes is not particularly limited.

[0029] The static electricity discharger can be preferably formed by a conductive plate,
and the static electricity can be discharged from a plate surface of the conductive plate to
the space. In this case, a plurality of openings can be preferably formed on the conductive

plate.

[0030] In the space potential generation device of the present invention, since the static
electricity discharger is covered with the insulating material, corona discharge is not
generated from the static electricity discharger. Therefore, the static electricity discharger
is not necessarily a plate-shape as long as it is conductive. For example, the static electricity

discharger can be a bar-shape or a liner-shape.

[0031] If the static electricity discharger is a plate-shape, the insulating member can be

formed to sandwich the plate-shape static clectricity discharger from above and below, for
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example. If the static electricity discharger is a bar-shape of a liner-shape, the insulating

member can be formed as a cylindrical body, for example.

[0032] A storage device for maintaining a freshness of an object stored therein
concerning the present invention comprises: a space potential generation device; and a
compartment for determining a freshness- maintaining space formed around the static
electricity discharger of the space potential generation device, wherein the space potential
generation device comprising: a transformer that is formed by magnetically connecting a
primary coil and a secondary coil; a feedback control circuit that feeds back one terminal
of the secondary coil to one terminal of the primary coil to adjust a voltage of the secondary
coil; an output control portion that is provided on the other terminal of the secondary coil
to impart a low frequency vibration to an output of the secondary cotl; and a static
electricity discharger that is formed of a conductive material and provided on the other
terminal of the secondary coil via the output control portion, wherein the space potential
generation device does not have a grounding electrode, a current flowing through the
secondary coil is a weak current having a range of 0.002 to 0.2 A, the static electricity
discharger is covered with an insulating member having a predetermined insulating
property suitable for allowing the static electricity discharger to discharge a static
electricity of a predetermined voltage to a surrounding space, and an electric field of a
predetermined voltage is formed in a surrounding space by the static electricity discharged
from the static electricity discharger, and the electric field is formed in the freshness-
maintaining space by discharging the static electricity from the static electricity discharger
of the space potential generation device to keep a freshness of the object such as food or
the like in the freshness-maintaining space. In some embodiments, the frequency of the low

frequency vibration may preferably be within a range of from about 40 to about 60 Hz.

[0033] A voltage value of the static clectricity discharged from the static electricity
discharger via the insulating member can be specified according to a size of the freshness-
maintaining space so as to form the electric field capable of applying a voltage of at least
S V to the object such as food existed in the freshness-maintaining space. Therefore, in
addition to the voltage value inputted, values of the transformer, the feedback control

circuit and the output control portion, and a material and a size of the insulating material
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can be determined so that the voltage value of the static electricity discharged from the

static electricity discharger via the insulating member becomes the specified value.

[0034] The static electricity discharger can be preferably formed by a conductive plate,
and the static electricity can be discharged from a plate surface of the conductive plate to
the space. In this case, a plurality of openings can be preferably formed on the conductive

plate.

[0035] In the space potential generation device of the storage device of the present
invention, since the static electricity discharger is covered with the insulating material,
corona discharge is not generated from the static electricity discharger. Therefore, the static
electricity discharger is not necessarily a plate-shape as long as it is conductive. For

example, the static electricity discharger can be a bar-shape or a liner-shape.

[0036] If the static electricity discharger is a plate-shape, the insulating member can be
formed to sandwich the plate-shape static electricity discharger from above and below, for
example. If the static electricity discharger is a bar-shape of a liner-shape, the insulating

member can be formed as a cylindrical body, for example.

[0037] The compartment for determining the freshness-maintaining space can be
anything as long as it has an inside space capable of storing the food or the like. For
example, the compartment for determining the freshness-maintaining space can be a home-
use refrigerator/freezer, a business-use large-size prefabricated refrigerator/freezer, a food
storage and a store. The object stored in the freshness-maintaining space for keeping
freshness is not limited to the food. The object can be anything for example oil. In this casc,

the compartment for determining the freshness-maintaining space is formed by the fryer.

[0038] The insulating member covering the static electricity discharger of the space
potential generation device can be an insulating member of exclusive use. Otherwise, a
housing or a wall surface of the refrigerator and the freezer forming the compartment for
determining the freshness-maintaining space can be used as an insulating material, for
example. Specifically, in a case of the refrigerator, for example, the static electricity

discharger is embedded in a peripheral wall or an inside partition wall of the refrigerator.
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[0039] A fryer provided with the space potential generation device concerning the
present invention comprises: a space potential generation device; and a fryer having an oil
tub, wherein the space potential generation device comprising: a transformer that is formed
by magnetically connecting a primary coil and a secondary coil; a feedback control circuit
that feeds back one terminal of the secondary coil to one terminal of the primary coil to
adjust a voltage of the secondary coil; an output control portion that is provided on the
other terminal of the secondary coil to impart a low frequency vibration to an output of the
secondary coil; and a static electricity discharger that is formed of a conductive material
and provided on the other terminal of the secondary coil via the output control portion,
wherein the space potential generation device does not have a grounding clectrode, a
current flowing through the secondary coil is a weak current having a range of 0.002 to 0.2
A, an clectric field of a predetermined voltage is formed in a surrounding space of the static
clectricity discharger by the static electricity discharged from the static electricity
discharger, and the electric field is formed in the oil tub of the fryer by installing the static
electricity discharger in the oil tub of the fryer. In some embodiments, the frequency of the

low frequency vibration may preferably be within a range of from about 40 to about 60 Hz.

[0040] The static electricity discharger can be covered with an insulating member
having a predetermined insulating property suitable for allowing the static electricity
discharger to discharge a static electricity of a predetermined voltage to the oil in the oil

tub.
BRIEF DESCRIPTION OF THE FIGURES

[0041] Several embodiments of the present disclosure will be provided, by way of

examples only, with reference to the appended drawings, wherein:

[0042] Fig. 1 is a circuit diagram showing a configuration of a space potential

generation device of the present invention.

[0043] Fig. 2 is a table showing a result of a thawing test of food using a space potential
generation device 1 in which a static electricity discharger is not covered with an insulating

material.
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[0044] Fig. 3 is a table showing a result of an ordinary temperature preservation test of
food using the space potential generation device 1 in which the static electricity discharger

is not covered with the insulating material.

[0045]  Fig. 4 is a table showing a result of an ordinary temperature preservation test of
food using the space potential generation device 1 in which the static electricity discharger

is not covered with the insulating material.

[0046] Fig. 5 is a table showing a result of an ordinary temperature preservation test of
food using the space potential generation device 1 in which the static electricity discharger

is not covered with the insulating material.

[0047] Fig. 6 is a table showing a result of an ordinary temperature preservation test of
food using the space potential generation device 1 in which the static electricity discharger

is not covered with the insulating material.

[0048] Fig. 7 is a table showing a result of a comparative test for an effect of preventing

bacteria growth by using the space potential generation device of the present invention.

[0049]  Fig. 8 is a graph showing a result of a test for an effect in a frozen state of food
or the like below the freezing point using the space potential generation device of the
present invention. A vertical axis shows a force applied to the food, and a horizontal axis

shows a time.

[0050] Fig. 9 shows a result of comparative test for an amount of dripping of the thawed
food frozen in the electric field using the space potential generation device of the present

invention.

[0051] Fig. 10 shows a thawed state of a fresh-water fish frozen in the electric field

using the space potential generation device of the present invention.

[0052] Fig. 11A is a schematic longitudinal cross-section view of a refrigerator
provided with a space potential gencration device 1. Fig. 11B is a schematic section view

along line A-A of Fig. 11A.
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[0053] Fig. 12 is a schematic front view of a prefabricated refrigerator provided with

the space potential generation device 1.

[0054] Fig. 13 is a schematic side view of a refrigerator car provided with the space

potential generation device 1.

[0055] Fig. 14 is a schematic top view of a store provided with the space potential

generation device 1.

[0056] Fig. 15A and Fig. 15B show an example of a supporting member to install a

static electricity discharger 8 of the space potential gencration device 1.

[0057] Fig. 16 is a table showing a result comparing a frozen state in the space potential

generation device.

[0058]  Fig. 17 shows an example that the static electricity discharger 8 is installed in
an oil tub 80.

[0059]  Fig. 18 is a table showing a difference of color in a comparative test of

deterioration of oil using the space potential generation device of the present invention.

[0060] Fig. 19 shows a state of oil after 200 g of potatoes are fried comparing a fryer
cquipped with the space potential gencration device with a fryer not equipped with the

space potential generation device.
[0061] Fig. 20 is a graph showing a peroxide value of oil after three days test.

[0062] Fig. 21 is a graph showing a result measuring an amount of acrylamide
contained in fried potatoes when 100 g of potatoes are additionally fried after the three days

test.
[0063] Fig. 22 is a graph showing a comparative result of frying time.

[0064]  Elements in the several figures are illustrated for simplicity and clarity and have
not necessarily been drawn to scale. For example, the dimensions of some of the elements
in the figures may be emphasized relative to other elements for facilitating understanding

10
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of the various presently disclosed embodiments. Also, common, but well-understood
elements that are useful or necessary in commercially feasible embodiments are often not
depicted in order to facilitate a less obstructed view of these various embodiments of the

present disclosure.
DETAILED DESCRIPTION

[0065]  Various implementations and aspects of the specification will be described with
reference to details discussed below. The following description and drawings arc
illustrative of the specification and are not to be construed as limiting the specification.
Numerous specific details are described to provide a thorough understanding of various
implementations of the present specification. However, in certain instances, well-known or
conventional details are not described in order to provide a concise discussion of

implementations of the present specification.

[0066] Various apparatuses and processes will be described below to provide examples
of implementations of the system disclosed herein. No implementation described below
limits any claimed implementation and any claimed implementations may cover processes
or apparatuses that differ from those described below. The claimed implementations are
not limited to apparatuses or processes having all of the features of any one apparatus or
process described below or to features common to multiple or all of the apparatuses or
processes described below. It is possible that an apparatus or process described below is

not an implementation of any claimed subject matter.

[0067] Furthermore, numerous specific details are set forth in order to provide a
thorough understanding of the implementations described herein. However, it will be
understood by those skilled in the relevant arts that the implementations described herein
may be practiced without these specific details. In other instances, well-known methods,
procedures and components have not been described in detail so as not to obscure the

implementations described herein.

[0068] [Effects of the Invention]

11
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[0069] The space potential generation device of the present invéntion includes: a
transformer that is formed by magnetically connecting a primary coil and a secondary coil;
a feedback control circuit that feeds back one terminal of the secondary coil to one terminal
of the primary coil to adjust a voltage of the secondary coil; an output control portion that
is provided on the other terminal of the secondary coil to impart a low frequency vibration
to an output of the secondary coil; and a static electricity discharger that is formed of a
conductive material and provided on the other terminal of the secondary coil via the output
control portion, wherein the space potential generation device does not have a grounding
electrode, a current flowing through the secondary coil is a weak current having a range of
0.002 to 0.2 A, the static electricity discharger is covered with an insulating member having
a predetermined insulating property suitable for allowing the static electricity discharger to
discharge a static electricity of a predetermined voltage to a surrounding space, and the
electric field of a target voltage is formed in a surrounding space of the static electricity
discharger by the static electricity discharged from the static electricity discharger.
Therefore, high voltage can be generated on the secondary coil side by the action of the
feedback control circuit and the output control portion. In addition, since delay is caused
in the output of the secondary coil, the low frequency vibration is imparted to the output of
the secondary coil. From the above, the static electricity discharger provided on the other
terminal of the secondary coil is physically vibrated at a low frequency. Since the space
potential generation device of the present invention does not have a grounding clectrode
and the static clectricity discharger is covered with the insulating material, corona
discharge is not generated. Therefore, the static electricity generated around the static
electricity discharger is not discharged by insulation breakdown, and the static electricity
is spread in the space by a fluctuation of the low frequency vibration. As a result, the

electric field can be formed in a wide range.

[0070] From the above, the voltage of the predetermined value is directly applicd to
the object placed in the electric field formed around the static electricity discharger. Thus,

an effect of keeping freshness of the object can be obtained.

[0071] Since a periphery of the static clectricity discharger is covered with the

insulating member, the static clectricity discharger does not gencrate corona discharge

12

3020P-SPG-CAPI

CA 2939177 2019-10-02



15

20

25

regardless of the shape of the static electricity discharger. Thus, the shape of the static

electricity discharger can be determined without limitation.

[0072]  Although there is no risk of an electric shock even if a person touches the static
electricity discharger because the current flowing in the secondary coil is the weak current
having a range of 0.002 to 0.2 A in the space potential generation device of the present
invention, a sense of security is increased remarkably by covering a periphery of the static
electricity discharger with the insulating member compared to the state that the static
electricity discharger is barely exposed. Furthermore, even if current of high value is
flowed in the secondary coil by some mistake, there is no risk of an electric shock caused
by direct contact. From the above, safety is improved because a risk of the electric shock
to a human body can be completely eliminated not only when using the device but also

when installing and transferring the device.

[0073] At least 5 V of voltage should be directly applied the object to obtain an effect
of keeping freshness. Therefore, a voltage value of the static electricity discharged from
the static electricity discharger via the insulating member can be specified according to a
size of the space in which the electric field is formed so as to form the electric field capable
of applying a voltage of at least 5 V to the object existed in the surrounding space of the

static electricity discharger.

[0074] In the space potential generation device of the present invention, the voltage of
the secondary coil is adjusted by feeding back one terminal of the secondary coil to one
terminal of the primary coil by using the feedback control circuit. As a result, the devise

itself can be downsized.

[0075] The static electricity discharger is formed by the conductive plate, and the static
electricity is discharged from the plate surface of the conductive plate. Therefore, an area
of discharging the static electricity in the static electricity discharger can be increased. As

a result, the electric field can be formed in a wider range.

[0076]  The storage device for maintaining a freshness of an object stored therein of the

present invention includes: a space potential generation device; and a compartment for

13
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determining a freshness-maintaining space formed around the static electricity discharger
of the space potential generation device, wherein the space potential generation device
includes: a transformer that is formed by magnetically connecting a primary coil and a
secondary coil; a feedback control circuit that feeds back one terminal of the secondary
coil to one terminal of the primary coil to adjust a voltage of the secondary coil; an output
control portion that is provided on the other terminal of the secondary coil to impart a low
frequency vibration to an output of the secondary coil; and a static electricity discharger
that is formed of a conductive material and provided on the other terminal of the secondary
coil via the output control portion, whercin the space potential generation device does not
have a grounding clectrode, a current flowing through the secondary coil is a weak current
having a range of 0.002 to 0.2 A, the static electricity discharger is covered with an
insulating member having a predetermined insulating property suitable for allowing the
static electricity discharger to discharge a static electricity of a predetermined voltage to a
surrounding space, and an electric field of a target voltage is formed in a surrounding space
by the static electricity discharged from the static electricity discharger, and the electric
field is formed in the freshness-maintaining space by discharging the static electricity from
the static electricity discharger of the space potential generation device to keep a freshness
of the object in the freshness-maintaining space. Therefore, the voltage can be directly
applied to the object such as the food in the freshness-maintaining space even if the object
is not directly contact with the static electricity discharger. As a result, freshness-

maintaining period of the food can be extended and bacteria growth can be suppressed.

[0077] Since the low frequency vibration is imparted to the output of the secondary
coil in the space potential generation device, the static electricity discharger provided on
the other terminal of the secondary coil side is physically vibrated at a low frequency. In
addition, a grounding electrode is not provided and the static electricity discharger is
covered with the insulating member. From the above, the static electricity generated around
the static electricity discharger is not discharged by insulation breakdown, and the static
electricity is spread in the space by a fluctuation of the low frequency vibration to form the
electric field in a wide range. Thus, the electric field can be efficiently formed in whole the

freshness-maintaining space.
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[0078] Specifically, if the storage device of the present invention is a refrigerator
having a refrigerating compartment, a freezing compartment and a chilling compartment,
for example, by installing the static electricity discharger in the refrigerating compartment,
the electric field can be formed also in the other compartments (the freezing compartment

and the chilling compartment) using circulation of cold air.

[0079] The storage device of the present invention can be formed by installing the
spacc potential generation device in an existing refrigerator. Otherwise, the space potential
generation device can be installed on a refrigerator in a manufacturing process of the
refrigerator, for example. In this case, the static electricity discharger is embedded in a wall
or a partition of the refrigerator, and the wall or the partition of the refrigerator functions
as the insulating member. Therefore, the insulating member for exclusive use is not
required and therefore manufacturing cost can be reduced. In addition, an outer appearance
is improved because the static electricity discharger is embedded in the wall or the partition
and unevenness is not generated inside the static electricity discharger, being different from

the case where the static electricity discharger is post-installed.

{0080} The compartment for determining the freshness-maintaining space can be
anything as long as it has an inside space capable of storing the food or the like. For
example, the compartment for determining the freshness-maintaining space can be a home-
usc refrigerator/freezer, a business-use large-size prefabricated refrigerator/freczer, a food
storage and a store. In any cascs, since the voltage of the predetermined value is directly
applied to the object placed in the freshness-maintaining space, freshness of the object can

be kept and bacteria growth can be suppressed.

[0081]  The object stored in the freshness-maintaining space for keeping freshness is
not limited to the food. The object can be anything such as oil. In this case, the compartment
for determining the freshness-maintaining space is formed by the fryer, and freshness of

the oil stored in the fryer can be kept.

[0082]  The fryer provided with the space potential generation device of the present
invention includes: a space potential generation device; and a fryer having an oil tub,
wherein the space potential generation device comprising: a transformer that is formed by
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magnetically connecting a primary coil and a secondary coil; a feedback control circuit that
feeds back one terminal of the secondary coil to one terminal of the primary coil to adjust
a voltage of the secondary coil; an output control portion that is provided on the other
terminal of the secondary coil to impart a low frequency vibration to an output of the
secondary coil; and a static electricity discharger that is formed of a conductive material
and provided on the other terminal of the secondary coil via the output control portion,
wherein the space potential generation device does not have a grounding electrode, a
current flowing through the secondary coil is a weak current having a range of 0.002 to 0.2
A, an electric field of a predetermined voltage is formed in a surrounding space of the static
clectricity discharger by the static electricity discharged from the static electricity
discharger, and the electric ficld is formed in the oil tub of the fryer by installing the static
electricity discharger in the oil tub of the fryer. Thercfore, deterioration of the oil can be
suppressed, generation of impurities can be reduced, time required for frying can be
reduced, fried food can be prevented from being colored due to deterioration of oil, odor
can be prevented from being transferred to the food, oil smoke in the kitchen is prevented,

and odor can be prevented from being transferred to the cloths.

[0083] The static electricity discharger can be covered with an insulating member
having a predetermined insulating property suitable for allowing the static electricity
discharger to discharge a static electricity of a predetermined voltage to the oil in the oil
tub. Since the static electricity discharger is covered with the insulating member, a sense
of security is increased remarkably compared to the state that the static electricity
discharger is barely exposed. Furthermore, even if current of high value is flowed in the
secondary coil by some mistake, there is no risk of an electric shock caused by dircct
contact. From the above, safety is improved because a risk of the electric shock to a human
body can be completely eliminated not only when using the device but also when installing

and transferring the device.

[0084]  The static electricity discharger is formed by the conductive plate and the static
electricity is discharged from the plate surface of the conductive plate. Therefore, an area
of discharging the static electricity in the static electricity discharger can be increased. As
aresult, the electric field can be formed in a wider range.
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[0085] Other aspects, features and/or advantages will become more apparent upon
reading of the following non-restrictive description of specific embodiments thereof, given

by way of example only with reference to the accompanying drawings.
[0086] [Mode for Carrying Out the Invention]

[0087] Hereafter, with reference to drawings, an embodiment of a space potential
generation device, and a freshness-maintaining device provided with the space potential
generation device of the present invention will be explained. Note that the space potential

means, for example, a potential difference and a voltage value measured in the air.

[0088] Fig. 1 is a circuit diagram showing a configuration of a space potential

generation device of the present invention.

[0089] As shown in the figure, a space potential generation device 1 includes a
transformer 4, which is formed by magnetically connecting a primary coil 2 and a

secondary coil 3.

[0090] A terminal 3a, which is one terminal of the secondary coil 3, is connected to a
terminal 2a, which is one terminal of the primary coil 2, via a feedback control circuit 5 for
adjusting a voltage of the secondary coil 3. The other terminal (i.e. output terminal) 3b of
the secondary coil 3 is connected to a static electricity discharger 8 via an output control

portion 6 for applying a low frequency vibration to the output.
[0091] In Fig. 1, a reference numeral 7 indicates an AC input plug.
[0092] The static electricity discharger 8 is formed of a conductive material. A

[0093] shape of the static electricity discharger 8 can be a bar-shape, a plate-shape, and

a curved plate-shape.

[0094] If the static electricity discharger 8 is a plate-shape, a plurality of openings, slits

or the like can be preferably formed so as not to obstruct air flow in the installed space.
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[0095] Furthermore, a periphery of the static electricity discharger 8 is covered with an
insulating member 9. If the static electricity discharger is a plate-shape, the insulating
member 9 can be formed to sandwich the plate-shape static electricity discharger from
above and below, for example. If the static electricity discharger is a liner-shape or a bar-
shape, the insulating member 9 can be formed as a cylindrical body so as to insert the static
electricity discharger into it, for example. An insulation performance of the insulating
member is determined based on a voltage value of the static electricity discharger 8, a size
of the space of the electric field formed by grounding the static electricity discharger 8, and
a target value of the voltage directly applied to the object placed in the space. Specifically,
the target value of the voltage is preferably 5 V or more. In other words, the insulating
member does not completely insulate the static electricity discharger. A material and a
thickness of the insulating member can be determined so as to form a static electricity of a
predetermined voltage required for forming an electric field for directly applying a voltage

of the target value to the object.

[0096] By using the space potential generation device I configured as explained above,
a current generated on the side of the secondary coil 3 is fed back to the primary coil 2 by
the feedback control circuit 5. Therefore, high voltage can be obtained on the side of the

secondary coil 3 even if the number of turns of the coil is small.

[0097] In addition, the feedback control circuit 5 and the output control portion 6 are
formed to cause a delay in the circuit. As a result, low frequency vibration is applied to the
output of the secondary coil 3. A vibration frequency of the low frequency vibration applied
to the static clectricity discharger, which is the output of the secondary coil 3, 1s preferably
40 to 60 Hz. However, the range is not limited to the above range. For example, low

frequency range can be expanded.

[0098] From the above, the static electricity discharger is vibrated at a low frequency,
and the vibration is transferred to the space around the static electricity discharger as a
fluctuation. In addition, a grounding electrode is not provided and the static electricity
discharger is covered with the insulating material. Therefore, the static electricity

discharged from the static electricity discharger is spread widely in the space around the
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static electricity discharger by the fluctuation, and the electric field of a predetermined

voltage is formed on the space around the static electricity discharger.

[0099]  In the space potential generation device | of the present invention, high voltage
is generated at the output of the secondary coil 3 by the feedback control circuit 5 and the
output control portion 6, and the low frequency vibration is added to the output of the
secondary coil 3. In addition, the output is only one line of a terminal 3b, and a grounding
electrode is not provided. Therefore, the static electricity generated around the static
electricity discharger 8 is not discharged by insulation breakdown, and electric charge is
propagated and spread in the space by the fluctuation of the low frequency vibration. Thus,
the electric field can be widely formed. Since the static electricity is widely discharged
from the static electricity discharger 8, the electric field of high voltage is formed around
the static electricity discharger 8. Specifically, the electric field is formed in a range of a
radius of approximately 1.5 m around the static electricity discharger 8. If cold air or wind
1s provided, the clectric charge is spread widely and therefore the arca of the clectric charge

can be spread.

[00100] Since the static electricity discharger is covered with the insulating member, a
sense of security is increased remarkably compared to the state that the static electricity
discharger is barely exposed. Furthermore, even if a current of high value is flowed in the
secondary coil by some mistake, there is no risk of an electric shock caused by direct

contact and there is no possibility of corona discharge.

[00101] In the above described space potential generation device 1, only by installing
one output line and one static electricity discharger 8 in an arbitrary place such as a freezer,

a refrigerator, a thawing chamber, a showcase, a food preservation chamber, an ISO

[00102] container, a transport truck, an ordinary-temperature warehouse, and a
refrigerator or a freezer in a fishing boat, an electric field of high voltage can be formed in
whole the space (case, room or vehicle) in which the static electricity discharger 8 is
installed. Therefore, freshness-maintaining function using the electric field can be cheaply

and easily added to the desired place.
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[00103] If the static electricity discharger is embedded in a wall, a ceiling and/or a
partition plate when producing the freezer, the refrigerator, the thawing chamber, the
showcase, the food preservation chamber, the ISO container and the ordinary-temperature
warehouse, the freshness-maintaining function can be preliminarily added to the freezer,
the refrigerator, the thawing chamber, the showcase, the food preservation chamber, the
ISO container and the ordinary-temperature warchouse. In this case, since the static
clectricity discharger is embedded in the wall, the ceiling and/or the partition plate, an outer
appearance is improved and a sense of security is increased compared to the state that the
static electricity discharger is barely exposed. In addition, since the wall, the ceiling and/or
the partition plate function as the insulating material, the insulating material for exclusive
use is not required. Furthermore, even if a current of high value is flowed by mistake, there

is no risk of an electric shock.

[00104] In a case of a large warehouse, a plurality of shelves having a length of 8 m or
more is installed in the warehouse, and the shelves can be moved to the right and left so
that the pallets placed on the shelves are easily taken out from the shelves by a forklift
when shipping. In the above described space potential generation device 1, since the static
electricity discharger 8 is separate from a shelf board, even if the shelves are movable as

described above, the static electricity discharger 8 can be easily installed.

[00105] In addition, batteries can be used as an electric power source. In this case, the
static electricity discharger 8 is portable for three days by using sixteen size D batteries
connected in parallel. In addition, the batteries can be used in combination with an AC

power source.

[00106] In the above described electric field, the static electricity discharger 8§ is vibrated
at a low frequency and the fluctuation is transferred in the space. Therefore, the static
electricity is spread by the fluctuation and the voltage of a predetermined value or more is
applied to whole the space. Even if the food to be preserved is not in contact with the static
electricity discharger 8, the voltage of 5 V or more is directly applied to the object such as

the food to be preserved. Thus, an oxidation inhibition effect can be obtained by charging
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negative electron and positive electron, and a bacteria growth suppressing effect can be

obtained by high voltage.

[00107] In addition, the food is not frozen even below the freezing point in the electric
field. For example, chicken is not frozen until a temperature of -3 °C, and beef and pork
arc not frozen until a temperature of -4 °C. Thus, the food can be preserved at a low
temperature without being frozen. From the above, tissue destruction, which occurs when
thawing the frozen object, can be prevented. Thus, the object can be preserved for a long

period without being frozen while keeping freshness.

[00108] The voltage of the clectric ficld is high at a place near the static electricity
discharger 8, and becomes lower as being distant from the static electricity discharger 8. A
weak electric field is enough for some objects to be preserved, while a high electric field
is required for the other objects. Therefore, the best effect can be obtained by arranging the
static electricity discharger 8 on a suitable place according to a preservation place and a

configuration of the case.

[00109] Inthe conventional electric field forming device, when forming the electric field
in a home-use refrigerator or a business-use refrigerator divided into a plurality of
compartments, such as a refrigerating compartment, a vegetable compartment and a
freezing compartment, the electrode shelf board should be installed on each of the
compartments or a pair of electrodes should be installed on each of the compartments.
However, in the space potential gencration device 1 of the present invention, the static
clectricity discharger 8 becomes an antenna and a high voltage can be applicd to whole the
space. Therefore, even if the food to be preserved is not in contact with the static electricity
discharger 8, an oxidation inhibition effect can be obtained for the food to be preserved by
charging negative electron and positive electron, and a bacteria growth suppressing effect
can be obtained for the food to be preserved by high voltage. Even if the static electricity
discharger 8 is not provided in each of the compartments, only by installing onc slatic
electricity discharger 8 on the center, an oxidation inhibition effect can be obtained in

whole the refrigerator by charging negative electron and positive electron together with the
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cold air, and a bacteria growth suppressing effect can be obtained in whole the refrigerator

by the high voltage.

[00110] If the temperature is adjusted to increase amino acid, aging of the food such as
meat can be accelerated. The meat is normally matured for more than 15 days. Therefore,
a special equipment is required for suppressing bacteria and controlling a humidity during
such a period. In addition, strict management by a specialist is required. If the space
potential generation device 1 is installed, bacteria are suppressed and the best effect of
aging can be obtained in a short time. If the space potential generation device 1 is installed
in the conventional refrigerator, tons of beef, pork and chicken can be aged and preserved

in a short time and at a low cost.

[00111] Fig. 2 is a table showing a result of a thawing test of food using the above
described space potential generation device 1. Note that the static electricity discharger was
not covered with the insulating material in the test because the test was for confirming the
cffect of keeping freshness in the clectric ficld, not the cffect of safcty and outer

appearance.

[00112] In the test, three static electricity discharger 8 were installed on each of
longitudinal side walls of a thawing chamber having an inner dimension of 6 m x 6 m x 3
m at an interval of 2 m at a height of 1.5 m, the electric field having a spatial voltage of 1
V was formed in the thawing chamber by the static electricity discharged from the static
electricity discharger 8, and the space potential generation device 1 was adjusted so that
the voltage of 10 V was applied to the food placed inside. A dimension of the static

electricity discharger 8 was width 30 cm x height 15 cm.

[00113] A temperature in the thawing chamber was 5 °C and a humidity in the thawing

chamber was 65%.

[00114] 1In the above described conditions, 2 tons of beef, 1 ton of pork and 1 ton of
chicken were thawed taking 12 to 15 hours. When the space potential generation device 1
of the present invention was not installed, dripping was seen all over the floor. On the other

hand, when the space potential generation device 1 is installed, the dripping was reduced
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by 95%. By installing the space potential generation device 1, substantial and tasty protein,
peptide, amino acid, lactic acid, vitamin B complex and various salts, which are included
in the dripping, can be prevented from flowing out although they usually flew out when
thawing the food. In addition, profitability could be increased by avoiding weight
reduction, cleaning work could be reduced, and working process of hygicnc management

could be improved.

[00115] Figs. 3 to 6 are tables showing a result of an ordinary temperature preservation
test of food using the above described space potential generation device 1. Note that the
static electricity discharger was not covered with the insulating material in the test because
the test was for confirming the effect of keeping freshness in the electric field, not the effect

of safety and outer appearance.

[00116] In all the tests, two static electricity discharger 8 were installed side by side on
each of longitudinal side walls of a thawing chamber having an inner dimension of depth
5 m x width 6 m x height 2.5 m at a height of 1.5 m, the electric field having a spatial
voltage of 20 V was formed in the thawing chamber by the static electricity discharged
from the static electricity discharger 8, and the space potential generation device 1 was
adjusted so that the voltage of 30 V was applied to the food placed inside. A dimension of
the static clectricity discharger 8 was width 30 cm x height 15 cm.

[00117] A temperature in the thawing chamber was 15 °C, a humidity in the thawing

chamber was 35%, and a preservation period was 10 days.

[00118] In the above described condition, a comparison is performed between the cases

of with and without the space potential generation device 1.
[00119] Fig. 3 is a table showing a result of banana, cucumber and eggplant.

[00120] In the case with the space potential generation device 1, the banana could be
caten even after 10 days because color was changed little and banana fresh was not
oxidized. On the other hand, in the case without the space potential generation device 1,
the banana could not be caten after 5 days because the color was completely turned brown
and banana fresh was oxidized.
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[00121] In the case with the space potential generation device 1, the cucumber could be
eaten even after 10 days because moisture and freshness were kept. On the other hand, in
the case without the space potential generation device 1, the cucumber could not be eaten

after 4 days because the cucumber was oxidized, discolored, and moisture inside was lost.

[00122] In the case with the space potential generation device 1, the eggplant could be
eaten after 10 days because the eggplant was not oxidized although a little dried. On the
other hand, in the case without the space potential generation device 1, the eggplant could

not be eaten after 5 days because the eggplant was dried and oxidized.

[00123] Fig. 4 is a table showing a result of green pepper, catrot, broccoli and Chinese
cabbage.

[00124] In the case with the space potential generation device 1, the green pepper could
be eaten after 10 days because moisture was kept inside although a little shriveled. On the
other hand, in the case without the space potential generation device 1, the green pepper
could not be eaten after 5 days because the green pepper shriveled a lot and completely

dried.

[00125] In the case with the space potential generation device 1, the carrot could be
eaten after 10 days because moisture inside was kept and color inside was not changed
although color of skin was changed. On the other hand, in the case without the space
potential generation device 1, the carrot could not be eaten after 5 days because color inside

was also changed.

[00126] In the case with the space potential generation device 1, the broccoli could be
eaten after 8 days although color was changed to yellow. On the other hand, in the case
without the space potential generation device 1, the broccoli could not be caten after 4 days

because color of clusters was changed to black.

[00127] In the case with the space potential generation device 1, the Chinesc cabbage
could be eaten after 10 days because moisture was kept and leaves were kept crispy. On

the other hand, in the case without the space potential generatioﬁ device 1, the Chinese
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cabbage could not be eaten after 5 days because the Chinese cabbage was dried and leaves

were completely open.

[00128] Fig. 5 is a table showing a result of cabbage, komatsuna (Brassica campestris),

spinach and scallion.

[00129] In the case with the space potential generation device 1, the cabbage could be
eaten after 8 days because a core was kept white. On the other hand, in the case without
the space potential generation device 1, the cabbage could not be eaten after 4 days because

the core became black.

[00130] In the case with the space potential generation device 1, the komatsuna could
be eaten after 8 days because many parts were kept green and moisture was kept. On the
other hand, in the case without the space potential generation device 1, the komatsuna could

not be eaten after 4 days because leaves were completely dried and stems were dried.

[00131] In the case with the space potential generation device 1, the spinach could be
eaten after 10 days because many parts were kept green and moisture was kept. On the
other hand, in the case without the space potential generation device 1, the spinach could

not be eaten after 3 days because leaves were completely dried and stems were also dried.

[00132] In the case provided with the space potential generation device 1, the scallion
could be eaten after 10 days because many parts were kept green and leaves were kept
fresh. On the other hand, in the case without the space potential generation device 1, the

scallion could not be eaten after 3 days because the scallion shriveled as a whole.
[00133] Fig. 6 is a table showing a result of celery, green onion, lettuce and tomato.

[00134] In the case with the space potential generation device 1, the celery could be
eaten after 6 days because freshness was kept. On the other hand, in the case without the
space potential generation device 1, the celery could not be eaten after 3 days because the

celery was completely dried.

[00135] In the casc with the space potential generation device 1, the green onion could
be caten after 10 days becausc many parts were kept green and moisture was kept. On the
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other hand, in the casc without the space potential generation device 1, the green onion
could not be caten after 4 days because the green onion was completely dried and stems

were also dried.

[00136] In the case with the space potential generation device 1, the lettuce could be
eaten after 10 days because moisture was kept. On the other hand, in the case without the
space potential generation device 1, the lettuce could not be eaten after 4 days because the

lettuce was completely dried and spoilage began.

[00137] In the case with the space potential generation device I, the tomato could be
eaten after 12 days because moisture was kept and inside was kept fresh. On the other hand,
in the case without the space potential generation device 1, the tomato could not be eaten

after 6 days because the moisture was lost although an outer appearance was same.

[00138] From the above test results, if the space potential generation device 1 is used,
only by installing the static electricity discharger 8 in the room or the compartment, good
electric field is formed in the room or the compartment. Thus, it is confirmed that a
preservation period of the food at an ordinary temperature can be extended in the room or

the compartment in which the electric field is formed.

[00139] Next, based on Fig. 7, a test for an effect of preventing bacteria growth by using
the space potential generation device of the present invention will be explained. In the test,

the static electricity discharger covered with the insulating member was used.

[00140] In the test, beef was entered in refrigerators and the number of the bacteria per
1 g of the beef was measured in the 3rd day, the 5th day and the 7th day. The following

four refrigerators werc compared:

[00141] - a refrigerator (inside temperature 5 C), without the space potential generation

device;

[00142] - a refrigerator (inside temperature 5 C), with the space potential generation

device;
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[00143] - a refrigerator (inside temperature 2 C), with the space potential generation

device; and

[00144] - a refrigerator (inside temperature -2 C), with the space potential generation

device.

[00145] A humidity of all the refrigerators was 65 to 75%. An inside area of all the
refrigerators was width 80 cm x height 150 cm x depth 50 cm.

[00146] The static electricity discharger of the spacc potential generation device
installed in the compartment was formed of an electrode having a dimension of height 5
cm x width 10 ¢cm and thickness 1 mm. In addition, both sides of the static electricity
discharger were covered (sandwiched) with insulating members made of an insulating
plastic (polyethylene plate). A dimension of an upper insulating member was height 12 cm
x width 17 cm and thickness 5 mm. A dimension of a lower insulating member was height

12 em x width 17 ¢cm and thickness 4 mm.

[00147] A voltage input into the space potential generation device was set to 800 V so

that a voltage directly applied to the beef placed in the refrigerator became 30 V.
[00148] Fig. 7 is a table showing a result of a comparative test.

[00149] From Fig. 7, it was confirmed that the number of bacteria was extremely
different between the refrigerator provided with the space potential generation device and
the refrigerator not provided with the space potential generation device. Thus, by installing
the space potential generation device, bacteria growth could be prevented considerably

regardless of the temperature.

[00150] Conventionally, the food was frozen to keep freshness of the food. In case the
food was not frozen, temperature must be carefully controlled. By using the space potential
generation device of the present invention, freshness of the food can be very easily
controlled because sufficient effect of preventing bacteria growth can be obtained as

described above.
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[00151] Next, a test for an effect in a frozen state below the freezing point using the

space potential generation device of the present invention will be explained.

[00152] In the test, chicken was entered in a home-use refrigerator provided with the
space potential generation device and not provided with the space potential generation
device, an inside temperature was set to -3 °C, and a frozen state of the chicken was

observed after 48 hours passed.

[00153] An inside area of the refrigerator used in the test was width 50 cm x height 30
cm x depth 45 ¢m. The static electricity discharger installed in the refrigerator was formed
of an electrode having a dimension of 5 cm x 10 cm. Both sides of the static electricity

discharger were covered with an insulating plastic (polyethylene plate).

[00154] A dimension of a front side of the insulating member was height 12 cm x width
17 c¢m x thickness 7 mm. A reverse side was height 12cm x width 17 cm and thickness 6

mm.

[00155] An input voltage was set to 1000 V so that a voltage directly applied to the
chicken became 20 V.

[00156] Fig. 8 is a graph showing a result of the above explained test. A vertical axis

shows a force (N) applied to the food, and a horizontal axis shows a time.

[00157] As shown in Fig. 8, the test was performed by pressing a test probe twice each
against the chicken frozen by the home-use refrigerator not provided with the space
potential generation device and the chicken frozen by the home-use refrigerator provided

with the space potential generation device.

[00158] From Fig. 8, it was confirmed that the chicken in the refrigerator not provided
with the space potential generation device was harder three times or more than the chicken
in the refrigerator provided with the space potential generation device. In addition,
elasticity was completely lost in the chicken in the refrigerator not provided with the space
potential generation device. On the other hand, elasticity was remained in the chicken in

the refrigerator provided with the space potential generation device.
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[00159]  This means that the chicken was frozen in the refrigerator not provided with the
space potential generation device, while the chicken is not frozen in the refrigerator

provided with the space potential generation device.

[00160] From the above, it was confirmed that the food can be preserved in the
refrigerator of -3 °C without freezing the food by using the space potential generation
device of the present invention. Therefore, thawing is not required and a problem of

flowing out flavor caused by tissue destruction is prevented, for cxample.

[00161] Next, a test for an effect in a frozen state in -7 °C using the space potential

generation device of the present invention will be explained.

[00162] In the test, pork, beef and fish were entered in a home-use refrigerator not
provided with the space potential generation device, an inside temperature was set to -4 °C,
and the pork, the beef and the fish were taken out after 48 hours passed. The pork, the beef

and the fish were completely frozen and could not be cut by a kitchen knife.

[00163]  An inner area of the above described home-use refrigerator was width 50 cm x

height 30 cm x depth 45 cm.

[00164] The space potential gencration device was installed on the same home-use
refrigerator, pork, beet and fish were entered in the home-use refrigerator, an inside
temperature was set to -7 °C, and the pork, the beef and the fish were taken out after 48

hours passed.

[00165] The static electricity discharger of the space potential generation device used in
the test was formed by an electrode having a dimension of depth 5 cm x width 10 cm. Both
sides of the static electricity discharger were covered with acrylic plates (height 10 cm x
width 15 cm x thickness 5 mm) as an insulating member. A voltage input into the space
potential generation device was set to 900 V so that a voltage directly applied to the pork,

the beef and the fish placed in the refrigerator became 10 V.

[00166] The pork, the beef and the fish taken out of the refrigerator could be cut by a
kitchen knife.
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[00167] Furthermorc, a test for an effect in a frozen state in -11.7 °C using the space

potential generation device of the present invention will be explained.

[00168] The space potential generation device of the present invention was installed on
a business-use prefabricated refrigerator having an inner area of width 3 m x height 2.5 m
x depth 2 m, pork. beef and fish were entered in the refrigerator, an inside temperature was

set to -11.7 °C, and the pork, the beef and the fish were taken out after 72 hours passed.

[00169] The static electricity discharger of the space potential generation device used in
the test was formed by an electrode having a dimension of width 36 cm x height 16 cm x
thickness 1 mm. Both sides of the static electricity discharger were covered with
polycarbonate plates (height 43 cm x width 23 cm x thickness 5 mm) as an insulating
member. A voltage input into the space potential generation device was set to 2500 V so
that a voltage directly applied to the pork, the beef and the fish placed in the refrigerator
became 30 V.

[00170] The pork, the beef and the fish taken out of the refrigerator could be cut by a
kitchen knife.

[00171] Next, a result of a comparative test for a thawed state of the food frozen in the
electric field using the space potential generation device of the present invention will be

explained.

[00172] In the test, chicken was entered in a home-use refrigerator with and without the
space potential generation device, an inside temperature was kept to -18 °C, the chicken
was preserved for 72 hours to freeze the chicken, the chicken was taken out of the
refrigerator, the chicken was spontaneously thawed for 10 hours, and a state of the chicken

was compared.

[00173]  An inside area of the home-use refrigerator used in the test was width 50 cm x
height 30 cm x depth 45 cm. The static electricity discharger of thc space potential
generation device was formed of an electrode having a dimension of height 5 cm x width
10cm x thickness 1 mm. Both sides of the static electricity discharger were covered with

plastic plates (height 10 cm x width 15 cm x thickness 3 mm). A voltage input into the
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space potential generation device was set to 800 V so that a voltage directly applied to the

chicken placed in the refrigerator became 20 V.

[00174] A weight of the chicken entered in the home-use refrigerator not provided with
the space potential generation device was 343.8 g, and 8.9 g of dripping came out from the

chicken after thawing.

[00175] A weight of the chicken entered in the home-use refrigerator provided with the
spacc potential generation device was 468.5 g, and 1.8 g of dripping came out from the

chicken after thawing.
[00176] Fig. 9 is a figure showing an amount of dripping of the chicken after thawing.

[00177] From the above described test result, it was confirmed that the food frozen in
the electric field generated by the space potential generation device could be thawed
without destroying cells, and water molecules could be frozen without destroying cells by

a cluster effect in the space potential generation device.

[00178] Next, a result of the above described freezing/thawing test using fresh-water

fish will be explained.

[00179] In the test, a fresh-water fish stored in a bag was entered in a business-use
prefabricated refrigerator with and without the space potential generation device, an inside
temperature was kept to -18 °C, the fresh-water fish was preserved for 72 hours to freeze
the fresh-water fish, the fresh-water fish was taken out of the refrigerator, the fresh-water
fish was spontaneously thawed for 10 hours, and a state of the fresh-water fish was

compared.

[00180] Aninside area of the business-use prefabricated refrigerator used in the test was
width 3 m x height 2.5 m x depth 2 m. The static electricity discharger of the space potential
generation device was formed of an electrode having a dimension of width 36 cm x height
16 cm x thickness 1 mm. Both sides of the static electricity discharger were covered with

polycarbonate plates (height 43 cm x width 23 ¢cm x thickness 5 mm). A voltage input into
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the space potential generation device was set to 2500 V so that a voltage directly applied

to the fresh-water fish placed in the refrigerator became 80 V.

[00181] The thawed state was compared. The thawed fresh-water fish frozen by the
refrigerator not provided with the space potential generation device could not be eaten

because fish meat was spoiled emitting bad smell and a large amount of dripping came out.

[00182] On the other hand, the thawed fresh-water fish frozen by the refrigerator
provided with the space potential generation device could be eaten because the fish was

fresh without emitting bad smell and dripping was little.
[00183] Fig. 10 is a figure showing the thawed state of the fresh-water fish.

[00184] Also from the above described test result, 1t was confirmed that the food frozen
in the electric field generated by the space potential generation device could be thawed

without destroying cells.

[00185]  Next, with reference to Figs. 11 to 16, an embodiment of a storage device for
maintaining a freshness of an object stored therein using the space potential generation
device will be explained as an application example of the space potential generation device

1 of the present invention.

[00186] Fig. 11A is a schematic longitudinal cross-section view of the refrigerator
provided with the space potential generation device 1. Fig. 11B is a schematic section view

along line A-A of Fig. 11A.

[00187] In the figure, the reference numeral 10 indicates the refrigerator. Inside the
refrigerator 10 is divided into three spaces by partition plates 11 and 12. A chilling
compartment 13 is formed on the top, a refrigerating compartment 14 is formed on the

middle, and a vegetable compartment 15 is formed on the bottom.

[00188] The static electricity discharger 8 of the space potential generation device 1 is
provided inside the partition plate 11 which is located between the chilling compartment
13 and the refrigerating compartment 14. In this case, the partition plate 11 functions as the
insulating member of the present invention. Since the static electricity discharger 8 is
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installed inside the partition plate 11, the electrode is invisible from outside and a sense of
security is increased. Furthermore, even if current of high value is flowed in the input side
by mistake, there is no risk of directly contacting the electrode and an electric shock caused

by direct contact can be prevented.

[00189] By installing the static electricity discharger 8 in this way, a strong electric field
is formed on the chilling compartment 13 and the refrigerating compartment 14 because
the static electricity discharger 8 is located nearby, and a weak electric field is formed on
the vegetable compartment 15 because the static electricity discharger 8 is distant. Thus,

an electric field environment suitable for the food to be preserved can be obtained.

[00190] In addition, if the static electricity discharger 8 is a plate-shape and a plurality
of openings or slits is provided, the static clectricity discharger 8 does not prevent air
circulation when an air in the refrigerator is circulated by a fan provided in the refrigerator.

Thus, the electric field environment in each compartment can be unified.

[00191]  Although the static electricity discharger 8 is installed inside the partition plate
11 in the embodiment shown in Fig. 11, a place to install the static electricity discharger 8
is not limited to this embodiment. The static electricity discharger 8 can be installed in any
place, for example, in a back board, a top board or other partition boards of the refrigerator

10.

[00192] Fig. 12 is a schematic front view of a prefabricated type refrigerator provided

with the space potential generation device 1.

[00193] In this embodiment, the static electricity discharger 8 of the space potential
generation device | is installed so as to be suspended from a ceiling wall of a prefabricated
refrigerator 20. Although not shown in the figure, the static electricity discharger 8 is

covered with the insulating member.

[00194] In this way, by installing the static electricity discharger 8 approximately at the
center of the prefabricated refrigerator 20, the electric field can be uniformly formed in the

space of the refrigerator.
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[00195] Fig. 13 is a schematic side view of a refrigerator car provided with the space

potential generation device 1.

[00196] The reference numeral 30 means the refrigerator car. The refrigerator car 30

cools inside a refrigerator 33 by a cooler 31 via a cool air port 32.

[00197] The static electricity discharger 8 of the space potential generation device 1 is
installed on a ceiling wall of the refrigerator 33. Although not shown in the figure, the static
electricity discharger 8 is covered with the insulating member. In this case, the space

potential generation device 1 is connected to a battery of the refrigerator car 30.

[00198] Fig. 14 is a schematic top view of a store provided with the space potential

generation device 1.

[00199] In a store 40, food display racks 41, 42, 43, 44 of an open type arc provided.
The static electricity discharger 8 of the space potential generation device 1 is installed on
a side wall near the food display racks 41, 42, 43, 44. Although not shown in the figure,

the static electricity discharger 8 is covered with the insulating member.

[00200] The space potential generation device 1 is operated, for example, at night when
the store 40 is closed so as to form the electric field around the food display racks 41, 42,

43, 44 and extend a preservation period of the displayed food.

[00201] Fig. 15A and Fig. 15B show an example of a supporting member to install the
static electricity discharger 8 of the space potential generation device 1. Although not
shown in the figure, the static clectricity discharger 8 is covered with the insulating

member.

[00202] Fig. 15A shows a supporting member 51 used for installing the static electricity
discharger 8 of the space potential generation device 1 so as to be vertically standing on a

floor 50.

[00203] By using the supporting member S1 to support the static electricity discharger

vertically standing on the floor, an installation location of the static electricity discharger 8
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can be more flexibly selected. Thus, the static electricity discharger 8 can be installed on a

more optimum position.

[00204]  Fig. 15B shows a supporting member 61 used for installing the static electricity
discharger 8 of the space potential generation device 1 so as to be suspended from a ceiling
60. A leg portion of the supporting member 61 is fixed to the ceiling 60 by a suitable fixing

means 62.

[00205] By using the supporting member 61 to support the static electricity discharger
8 to be suspended from the ceiling, an installation location of the static electricity
discharger 8 can be more flexibly selected. Thus, the static electricity discharger 8 can be

installed on a more optimum position.

[00206] Fig. 16is a table showing a result comparing a frozen state in the space potential

generation device 1.

[00207] Conventionally, a quick freezer of -60 °C was used so as to prevent deterioration

of the food and not to destroy cells of the food when freezing.

[00208] On the other hand, in a prefabricated freezer or a cold storage warchouse,
freezing can be done in the best condition by installing the space potential generation
device 1, setting the space potential generation device 1 so that a space potential becomes

1 V and an applied voltage becomes 10 V, and setting a temperature to -18 °C.

[00209] By installing the space potential generation device 1, water molecules can be
frozen without destroying cells by a cluster effect. In addition, the food is not required to
be transferred from the quick freezer to the freezer because freshness-maintaining can be
also done after freezing. Therefore, a cost of facility investment to buy the quick freezer is
not required. In addition, by installing the space potential generation device 1 in the
conventional freezing equipment, electricity cost can be reduced and carbon dioxide

emissions can be reduced.

[00210] Fig. 16 is a table showing a result comparing a case in which a mango having a

size of height 15 ¢m and width 10 cm is frozen at -60 °C by using a quick freezer with
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another case in which the same mango is frozen at -18 °C by using the space potential

generation device 1.

[00211]  In the case the mango was frozen at -60 °C, since cold air of quick freezing was
applied to the mango, moisture contained in the mango was lost and a surface was a little
dried when cut into halves and compared. On the other hand, moisture was kept in the

mango frozen by the space potential generation device 1.

[00212]  After that, the mango was left at an ordinary temperature for three hours and
then texture was compared. The mango frozen at -60 °C became dried and hard. On the
other hand, the mango frozen by the space potential generation device I could be eaten

deliciously because moisture was kept.

[00213] When freezing sushi-roll (vinegared rice wrapped in seaweed), freezing is done
in units of forty thousand. In the conventional devices, the electrode shelf board should be

prepared and the foods should be in contact with the electrode shelf board.

[00214]  Therefore, a quantity capable of being frozen is limited in the conventional

device.

[00215] In addition, a large amount of facility investment is required for the quick

freezing because a quick freezer for spectal use is required.

[00216] By using the space potential generation device 1 of the present invention, since
freezing can be done in the best condition at -18 °C, the quick freezer for special use is not
required. In addition, since the electric field is formed in whole the space, the quantity

capable of being frozen is not limited.

[00217] Furthermore, the food was frozen at -18 °C in the freezer with and without the
space potential generation device | to compare the result. It was confirmed that a size of
ice crystals adhered to the food after being frozen was larger in the freezer not provided
with the space potential generation device 1. The ice crystals are very small in the
refrigerator provided with the space potential generation device 1 because cluster of water

molecules is made smaller when being frozen. From the above, freezing can be done in the
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best condition without destroying fibers of the food only by providing the space potential

generation device 1 in the existing freezer.

[00218] As for the ISO container and the transport truck, the ISO container was
conventionally transported at -20 °C from abroad spending two weeks. However, if the
space potential generation device 1 is installed, the transportation is possible in a chilled
environment sct at -5 °C while keeping freshness. From the above, clectricity cost can be

reduced and carbon dioxide emissions can be reduced.

[00219] Next, an oil deterioration preventing function of a fryer provided with the space

potential generation device of the present invention will be explained.

[00220] When the space potential generation device | is installed on a gas fryer or an
electric flyer and an electric field of 400 V or more is applied, an electric field environment
can be formed in an oil tub of 100 liters by one output line and one static electricity

discharger 8.

[00221] When the static electricity discharger 8 is installed on a bottom surface or a side

surface of an oil tub of 20 liters single-layer, a certain effect can be obtained.

[00222] In a case of a double-layer type gas flyer or electric fryer, when a static
electricity discharger 8§ is installed in one of the oil tubs, an effect of a weak electric field
can be obtained even in the neighboring oil tub although the static electricity discharger 8
is not installed in the neighboring oil tub. Therefore, in the case of the double-layer type
gas flyer or electric fryer, the best effect can be obtained by arranging the static electricity
discharger 8 at the center of two oil tubs. Since oxidation of the oil is suppressed by
installing the space potential generation device 1, the oil can be used more than four times
longer than the oil used in the flyer not provided with the static electricity discharger 8.
Since emulsion of the oil and water contained in the food is suppressed, viscosity of the oil
can be casily lowered. Therctfore, the oil can be continuously used by replenishing new oil

without disposing the oil.

[00223] In addition, time required for frying can be shortened by 15%.
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[00224] Furthermore, since emulsion of the oil and water contained in the food is
suppressed and cluster of water molecules is made smaller by the effect of the space
potential generation device 1, thermal conductivity of the food is increased. Therefore, in
the fryer provided with the space potential generation device 1, a lot of steam can be seen
in the oil tub just after the food was entered. This leads to reduction of oil mist and oil
smoke. Thus, oil smoke is prevented from being absorbed by a worker in the kitchen and
oil is prevented from entering in eyes of the worker. In addition, stickiness of the oil can
be reduced in the kitchen. Therefore, health and sanitation of the worker can be improved.
Since the thermal conductivity is increased, the food can be fried in a short time and the oil
absorbed in the food can be reduced. Conventionally, corndogs and sausages become hard
and should be disposed when 3 hours have passed after they are fried. However, by using
the fryer of the present invention, they can be caten deliciously after 12 hours have passed.

Thus, disposal of the food can be reduced.

[00225]  Fig. 17 shows an example that the static electricity discharger 8 is installed in
an oil tub 80.

[00226] Hereafter, a result of a comparative test about deterioration of oil using the

space potential generation device of the present invention.

[00227] In this test, two fryers were prepared, 6 liters of oil was entered in each of the
fryers, and the space potential generation device was provided on one of the fryers. Same
amount of sample food is continuously fried in cach of the fryers and then the oil was
compared. Two fryers were separated 4 meters with cach other so as to avoid an influence

of the other fryer.

[00228] The static electricity discharger was an electrode of height 5 cm x width 10 cm
x thickness 1 mm. Both sides of the electrode were covered with the insulating member
(height 7 cm x width 12 cm x thickness 2 mm) formed of a Teflon (registered trademark)
(PTFE) material. In addition, 60 holes of 4 mm were formed on the insulating member.
Wires connected to the static electricity discharger were formed of a Teflon (registered

trademark) (PTFE) material and had a thermal resistance resistant to a temperature of 260
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°C. An input voltage of the space potential generation device was set to 800 V so that a

voltage directly applied to the oil became 800 V.

[00229] By the above described fryers, 300 g of chicken (with starch powder) was
continuously fried until 28 kg of chicken were totally fried, and then condition of the oil
was compared in viewpoints of a color, an odor, an acid value, a peroxide value, and an

acrylamide generation amount.

[00230] The color was judged by visual observation. The odor was judged based on a
sensory evaluation performed by an odor judgment technician, which is a national

qualification authorized by the Ministry of the Environment.

[00231] The acid value is a reference value generally used for measuring deterioration
in Japan. Although the peroxide value is not a reference value generally used for measuring
deterioration, the peroxide value was measured for confirming the effect from various

aspects.

[00232] As for the acrylamide, Food Safety Commission of the Food Safety
Commission of Cabinet Office in Japan now examines a risk of the acrylamide as a
chemical substance contained in the food, and evaluated the acrylamide as "genotoxic

carcinogen" in a draft of evaluation.

[00233]  In addition, FDA (U.S. Food and Drug Administration) reported in "FDA Draft
Action Plan for Acrylamide in Food" that the acrylamide having a risk of carcinogenesis
and genetic damage could be generated in the processed food. Furthermore, on April 24,
2002, a joint research group consisting of Swedish National Food Administration and
Stockholm University published that the food contained the acrylamide when the food was
cooked by frying or grilling a raw material containing a lot of carbohydrates at high

temperature of 120 °C or more.

[00234] As explained above, since the acrylamide can be a carcinogen, the acrylamide

generation amount was also confirmed.
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[00235] In the above described condition, same amount of the food was continuously
fried in two fryers for three days so as to keep fried state substantially same. A core
temperature after fried was measured by a thermometer so that the core temperature

became 75 °C.

[00236]  After the test, the used oil was collected from two fryers and the above listed
test items were compared. As a result, deterioration was suppressed in the fryer provided
with the space potential generation device in all test items of the color, the odor, the acid
value, and the peroxide value. In addition, it was confirmed that the acrylamide generation

amount was reduced to a quarter.
[00237] Fig. 18 is a table comparing the color of the oil in the second day.

[00238] It was confirmed that lightness was significantly different between the oil of the
fryer provided with the space potential generation device and the oil of the fryer not
provided with the space potential generation device. A color difference between the former

and the latter was 6.43.

[00239] In Fig. 18, the color difference is a value totally comparing the difference
between the oil before cooking and the oil after cooking using an L*a*b* color system.
Here, L indicates the lightness, +a indicates red, -a indicates green, +b indicates yellow,
and -b indicates blue. According to an NBS (U.S. National Bureau of Standards) unit, a
color difference value (AE) is considered to be large when the color difference value is 6.0
or more. The color of the oil in the fryer provided with the space potential generation device
is brighter than the color of the oil in the fryer not provided with the space potential
generation device. As explained above, the color difference was 6.43 in the second day.
Thus, it was confirmed that the oil was deteriorated more significantly in the fryer not

provided with the space potential generation device.

[00240] A plurality of inspectors including the odor judgment technician, which is a
national qualification authorized by the Ministry of the Environment, cvaluated the oil in
the fryer provided with the space potential generation device and the oil in the fryer not

provided with the space potential generation device. As a result, the odor suggestive of
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fried chicken and the odor considered to be roasted were weak in the former oil than the

latter oil. Thus, it was confirmed that the odor was less transferred to the oil.

[00241]  Furthermore, when comparing the oil in the fryer provided with the space
potential generation device with the oil in the fryer not provided with the space potential
generation device by visual observation, black stains and crab bubbles were seen in the
latter oil. In addition, when 200 g of potatoes were additionally fried in the latter oil after
the above test, the oil smoke when frying the last 100 g of potatoes was like a steam of a
bath. Thus, the working environment was deteriorated and sticky stain and bad odor were
confirmed. In the oil in the fryer provided with the space potential generation device, the

crab bubbles were not seen and oil surface was smooth.

[00242] Fig. 19 shows a state of the oil after 200 g of potatoes were fried comparing the
fryer equipped with the space potential generation device with the fryer not equipped with

the space potential generation device.
[00243] Fig. 20 is a graph showing the peroxide value of the oil after three days test.

[00244] While the peroxide value of the oil in the fryer provided with the space potential
generation device was 1.89, the peroxide value of the oil in the fryer not provided with the
space potential generation device was 2.77. From the above result, it was confirmed that
the fryer provided with the space potential generation device suppressed the deterioration

by 32% compared to the fryer not provided with the space potential generation device.

[00245] Fig. 21 is a graph showing a result measuring an amount of the acrylamide
contained in the fried potatoes when 100 g of potatoes were additionally fried after the

three days test.

[00246] The acrylamide contained in the potatoes fried in the fryer not provided with
the space potential generation device was 425 ug/kg. On the other hand, the acrylamide
contained in the potatoes fried in the fryer provided with the space potential generation
device was 113 pg/kg. It was confirmed that the acrylamide generation amount was
reduced to a quarter by using the space potential generation device. Since the acrylamide
can be a carcinogen, the acrylamide generated by the deteriorated oil is internationally
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recognized as a problem. Therefore, an effect of suppressing of the acrylamide generation

is important.

[00247] Next, a result of test comparing the fryer with and without the fryer the space
potential generation device by entering 60 g of potatoes in oil tubs of both fryers, setting a
temperature to 170 °C to fry the potatoes, and comparing a change of the state of the oil. In
the fryer not provided with the space potential generation device, water in the food is
entered in the oil by being combined and emulsified with the oil. On the other hand, in the
fryer provided with the space potential generation device, since the oil is combined with
electrons and not combined with the water, the water in the food is immediately evaporated
and not entered in the oil. Therefore, the temperature of the oil is always kept constant, and
the time required for frying can be shortened. In addition, since only the water is evaporated
as water vapor in the fryer provided with the space potential generation device, oil mists
around the fryer can be reduced. Therefore, the oil is not adhered to the kitchen and the
store, and the kitchen and the store can be kept sanitary. Furthermore, since evaporation of
the oil can be suppressed, odor of the o1l generated when frying the food can be suppressed.

For example, the oil is prevented from adhering to cloths of the customers in the store.

[00248] Finally, a result of a comparative test of time required for frying frozen chicken

will be explained.

[00249] The time required for frying the frozen chicken was compared between the

fryers with and without the space potential generation device.

[00250] A capacity of the oil tub of both fryers was 6 liters. A temperature was set to
165 °C. A center temperature of the fried chicken was measured when 2 minutes and 30

seconds had passed and when 3 minutes had passed for comparison.

[00251] In the fryer provided with the space potential generation device, the center
temperature of the fried chicken was 83.6 °C when 2 minutes and 30 seconds had passed,
and 95 °C when 3 minutes had passed. On the other hand, in the fryer not provided with
the space potential generation device, the center temperature of the fried chicken was 34.6

°C when 2 minutes and 30 seconds had passed, and 80 °C when 3 minutes had passed. From
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the above, it was confirmed that thermal conductivity was higher and the time required for

frying was shorter in the fryer provided with the space potential generation device.
[00252] Fig. 22 is a graph showing a comparative result of frying time.
|00253]  Evaluation in actual store:

[00254]  Ina store conventionally using 405 liters (22.5 cans) of oil per month, the space
potential generation device was installed on the fryer and the temperature of frying was
lowered from 180 °C to 170 °C after installing the space potential generation device. As a
result, the oil used in the store is reduced to 108 liters (6 cans) per month, The oil used was
reduced by 73%. In addition, the time required for frying was shortened by 10% or more.

Thus, efficiency of work was improved.

[00255] Ifthe electric field is formed in the oil in the fryer by using the space potential
generation device, the best effect could be obtained because thermal conductivity of the
food was increased and the fried food became crispy. Furthermore, the oil smoke was
prevented because the water is evaporated. Thus, the worker in the kitchen did not feel pain

in eyes.

[00256] [Description of the Reference Numerals]
[00257] 1 aspace potential generation device
[00258]) 2  aprimary coil

[00259] 2a aterminal

[00260] 3 asecondary coil

[00261] 3a aterminal

[00262] 3b aterminal

[00263] 4 a transformer

[00264] 5 a feedback control circuit
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[00265] 6
[00266] 7

[00267) 8

[00268] 9

[00269] 11
[00270] 12
[00271] 13
[00272] 14
[00273] 15
[00274] 20
[00275] 30
[00276] 31
[00277] 32
[00278] 33
[00279] 40
[00280] 41
[00281] 42
[00282] 43
[00283] 44
[00284] 50

3020P-SPG-CAP1

an output control portion
AC input plug

a static electricity discharger

an insulating member a refrigerator

a partition plate

a partition platc

a chilling compartment

a refrigerating compartment
a vegetable compartment
a prefabricated refrigerator
a refrigerator car

a cooler

a cool air port

a refrigerator

a store

a food display rack

a food display rack

a food display rack

a food display rack

a floor
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[00285] 51 a supporting member
[00286] 60 aceiling

[00287] 61 a supporting member
[00288] 62 a fixing means
[00289] 80 an oil tub

[00290] While the present disclosure describes various embodiments for illustrative
purposes, such description is not intended to be limited to such embodiments. On the
contrary, the applicant's teachings described and illustrated herein encompass various
alternatives, modifications, and equivalents, without departing from the embodiments, the
general scope of which is defined in the appended claims. Except to the extent necessary
or inherent in the processes themselves, no particular order to steps or stages of methods
or processes described in this disclosure is intended or implied. In many cases the order of
process steps may be varied without changing the purpose, effect, or import of the methods

described.

[00291] Information as herein shown and described in detail is fully capable of
attaining the above-described object of the present disclosure, the presently preferred
embodiment of the present disclosure, and is, thus, representative of the subject matter
which is broadly contemplated by the present disclosure. The scope of the present
disclosure fully encompasses other embodiments which may become apparent to those
skilled in the art, and is to be limited, accordingly, by nothing other than the appended claims,
wherein any reference to an element being made in the singular is not intended to mean
"one and only one" unless explicitly so stated, but rather "one or more." All structural
and functional equivalents to the clements of the above-described preferred embodiment
and additional embodiments as regarded by those of ordinary skill in the art are hereby
expressly incorporated by reference and are intended to be encompassed by the present
claims. Moreover, no requirement exists for a system or method to address each and
every problem sought to be resolved by the present disclosure, for such to be encompassed
by the present claims. Furthermore, no element, component, or method step in the present
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disclosure is intended to be dedicated to the public regardless of whether the element,
component, or method step is explicitly recited in the claims. However, that various
changes and modifications in form, material, work-piece, and fabrication material detail may
be made, without departing from the spirit and scope of the present disclosure, as set forth
in the appended claims, as may be apparent to those of ordinary skill in the art, are also

cncompassed by the disclosure.
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CLAIMS

What is claimed is:

1. A space potential generation device comprising:

a transformer having a primary coil and a secondary coil which are magnetically
connected each other;

a feedback control circuit that feeds back one terminal of the secondary coil to
one terminal of the primary coil to adjust a voltage of the secondary coil;

an output control portion that is provided on the other terminal of the secondary
coil to apply a voltage with a low frequency vibration having a range of 40 to 60 Hz to an
output of the secondary coil; and

a static electricity discharger that is formed of a conductive material and provided
on the other terminal of the secondary coil via the output control portion,

wherein

the space potential generation device does not have a grounding electrode,

a current flowing through the secondary coil is a weak current having a range of
0.002 t0 0.2 A,

the static electricity discharger is covered with an insulating member having a
predetermined insulating property suitable for allowing the static electricity discharger to
discharge a static electricity of a predetermined voltage to a surrounding space, and

an electric field of a target voltage is formed in the surrounding space by the static

electricity discharged from the static electricity discharger.

2. A space potential generation device according to claim 1, wherein

a voltage value of the static electricity discharged from the static electricity
discharger via the insulating member may be specified according to a size of the space in
which the electric field is formed so as to form the electric field capable of applying a
voltage of at least 5 V to the object existed in the surrounding space of the static

electricity discharger.
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3. A space potential generation device according to claims 1 or 2, wherein
the static electricity discharger may be formed by a conductive plate, and the
static electricity may be discharged from a plate surface of the conductive plate to the

space.

4. A storage device for maintaining a freshness of an object stored therein
comprising

a space potential generation device and a compartment for determining a
freshness-maintaining space formed around a static electricity discharger of the space
potential generation device,

wherein

the space potential generation device comprises

a transformer that is formed by magnetically connecting a primary coil and a
secondary coil,

a feedback control circuit that feeds back one terminal of the secondary coil to
one terminal of the primary coil to adjust a voltage of the secondary coil,

an output control portion that is provided on the other terminal of the secondary
coil to impart a voltage with a low frequency vibration having a range of 40 to 60 Hz to
an output of the secondary coil and

a static electricity discharger that is formed of a conductive material and provided
on the other terminal of the secondary coil via the output control portion,

wherein

the space potential generation device docs not have a grounding electrode,

a current flowing through the secondary coil is a weak current having a range of
0.002t0 0.2 A,

the static electricity discharger is covered with an insulating member having a
predetermined insulating property suitable for allowing the static electricity discharger to
discharge a static electricity of a predetermined voltage to a surrounding space, and

an electric field of a predetermined voltage is formed in a surrounding space by
the static clectricity discharged from the static electricity discharger,

and
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the electric field is formed in the freshness-maintaining space by discharging the
static electricity {rom the static electricity discharger of the space potential generation
device to maintain a freshness of the object such as food existed in the freshness-keeping

space.

5. A storage device according to claim 4, wherein

a voltage value of the static electricity discharged from the static electricity
discharger via the insulating member may be specified according to a size of the
freshness-maintaining space so as to form the electric field capable of applying a voltage

of at least 5 V to the object such as food cxisted in the freshness-maintaining space.

6. A storage device according to claims 4 or 5, wherein
the static electricity discharger may be formed by a conductive plate, and the
static electricity may be discharged from a plate surface of the conductive plate to the

space.

7. A storage device according to any one of claims 4 to 6, wherein
the compartment for determining the freshness-maintaining space may be a home-

use refrigerator/freezer.

8. A storage device according to any one of claims 4 to 6, wherein
the compartment for determining the freshness-maintaining space may be a

business-use large-size prefabricated refrigerator/freezer.

9. A fryer comprising a space potential generation device and an oil tub, wherein
the space potential generation device comprising:
a transformer that is formed by magnetically connecting a primary coil and a
secondary coil;
a feedback control circuit that feeds back one terminal of the secondary coil to

one terminal of the primary coil to adjust a voltage of the secondary coil;
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an output control portion that is provided on the other terminal of the secondary
coil to impart a voltage with a low frequency vibration having a range of 40 to 60 Hz to
an output of the secondary coil; and

a static electricity discharger that is formed of a conductive material and provided
on the other terminal of the secondary coil via the output control portion,

wherein

the space potential generation device does not have a grounding electrode,

a current flowing through the secondary coil is a weak current having a range of
0.002t0 0.2 A,

an electric field of a predetermined voltage is formed in a surrounding space of
the static electricity discharger by the static electricity discharged from the static
electricity discharger, and

the electric field is formed in the oil tub of the fryer by installing the static
electricity discharger in the oil tub of the fryer.

10. A fryer according to claim 9, wherein
the static electricity discharger may be covered with an insulating member having
a predetermined insulating property suitable for allowing the static electricity discharger

to discharge a static electricity of a predetermined voltage to the oil in the oil tub.

11. A fryer according to claims 9 or 10, wherein
the static electricity discharger may be formed by a conductive plate, and the
static electricity may be discharged from a plate surface of the conductive plate to the oil

in the oil tub.
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Fig.2
temperature in chamber: 5°C
humidity in chamber: 65%
inner dimension of chamber: 6m*6m*3m
spatial applied . . .
vrc))ltgge v}()){)tage kind of food with space potential generator without space potential generator
2 tons of beef
Vv 10V 1 ton of pork dripping was reduced by 95% dripping was seen all over the floor
1 ton of chicken
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Fig.7
the number of bacteria per 1g
refrigerator initial state 3rd day 5th day 7th day

without space potential generator

(5°C) 24,000 590,000 420,000,000 3,100,000,000
leh space potential generator 24,000 9.800 22,000 74,000
(5°C)

ith tential t
gé)s pace potential generator 24,000 13,000 18,000 35,000

ith space potential g t
Ly Pt generdor 24,000 9,300 16,000 32,000

Fig.8
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without space potential generator
~chicken: 343.8g
-dripping: 8.9g

with space potential generator
~chicken: 468.5g
~dripping: 1.8g
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without space potential generator

- fish meat: spoiled with space potential generator
- odor: bad smell - fish meat: not spoiled

- dripping: large amount - odor: none

could not be eaten - dripping: little

could be eaten
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Fig.11A Fig.11B
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Fig.15B
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Fig.16

food: mango

temperature texture _ inside state

for freezing after thawed after thawed
- quick freezer -60 °C normal moisture was lost
:normal refrigerator + -18 °C good moisture was kept
. space potential generator
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Fig.17
80
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Fig.18
test items . color value L value aL. value bL
difference
oil before cooking - 99.44 -5.33 13.62
fryer provided with 54.75 6.85 33.62
space potential generator 5.43
fryer not provided with 53.44 13.07 3457

space potential generator

The color difference was totally compared between the oil before cooking and the oil after cooking

using an L*a*b*color system.
L indicates lightness

+a indicates red, -a indicates green
+b indicates yellow, -b indicates blue

When the color difference value is 6.0 or more, the color difference value is considered to be large.
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Fig.19

with space potential generator without space potential generator

Test method: Acetic Acid-Iso-Octane method

3
2.5
2
1.5.
1
0.5
0

meq/kg

without space potential generator with space potential generator

Lperoxide value 2.77 1.89
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Test method: Gas chromatography-mass spectrometry method
500
400
% 300
S
&0
= 200
100
0
without space potential generator with space potential generator
[mug/kg 425 113
Fig.22
Comparison of frying time and fried state
temperature
100
90 with W/
80 /.
70 ;
2 60 /w'ithoul space potential generator
i‘é 50 ~
= 40 ,/
30
20
10
0 -
2 minutes 30 seconds 3 minutes
=g~ \ith space potential generator 83.6 95
== without space potential generator 34.6 80

3020P-SPG-CAP1




s




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - CLAIMS
	Page 50 - CLAIMS
	Page 51 - CLAIMS
	Page 52 - CLAIMS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - REPRESENTATIVE_DRAWING

