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Description
BACKGROUND
1. Field

[0001] Embodiments relate to a frost detecting appa-
ratus, and a cooling system and a refrigerator, which have
the frost detecting apparatus, and, more particularly, to
a frost detecting apparatus to detect frost formed on an
evaporator due to heat exchange, and a cooling system
and a refrigerator, which have the frost detecting appa-
ratus.

2. Description of the Related Art

[0002] A cooling system is adapted to cool a confined
space by circulating a refrigerant through a refrigeration
cycle. As such a cooling system, there are a refrigerator,
a Kimchi refrigerator, an air conditioner, etc.

[0003] Here, the refrigeration cycle includes four stag-
es to change the phase of the refrigerant, namely, com-
pression, condensation, expansion, and vaporization
stages. To this end, the cooling system should include a
compressor, a condenser, an expansion valve, and an
evaporator. When a gaseous refrigerant is supplied to
the condenser after being compressed in accordance
with operation of a compressor, the refrigerant, which is
in a compressed state, is cooled as it exchanges heat
with air around the condenser. As a result, the refrigerant
is condensed into a liquid phase. The liquid refrigerant
is then injected into the evaporator while being adjusted
in flow rate by the expansion valve. As a result, the re-
frigerant is abruptly expanded, so that it is vaporized. As
the refrigerant is vaporized, it absorbs heat from air
around the evaporator, thereby generating cold air. The
cold air is supplied to a confined space such as a storage
chamber or a room, thereby cooling the confined space.
The refrigerant, which has been changed into the gase-
ous phase in the evaporator, is again introduced into the
compressor, and is then compressed into the liquid
phase. Thus, the above stages of the refrigeration cycle
are repeated for the refrigerant.

[0004] The surface temperature of the evaporator,
which functions to cool a confined space by absorbing
heat from the confined space through the refrigeration
cycle, is relatively lower than the temperature of air
present in the confined space. As a result, moisture con-
densed from the air in the confined space, which is in a
moisture-rich state, is attached to the surface of the evap-
orator, so that frost is formed on the surface of the evap-
orator. The frost formed on the surface of the evaporator
is accumulated with passage of time, so that the thick-
ness of the front is increased. As a result, the heat ex-
change efficiency of the cold air flowing around the evap-
orator is degraded, thereby causing degradation in cool-
ing efficiency and excessive power consumption.
[0005] Inorderto solve such problems, in conventional
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cases, an operating time of the compressor is accumu-
lated, and a defrosting operation is carried out when the
accumulated operating time exceeds a predetermined
time. In the defrosting operation, a heater arranged
around the evaporator operates to remove the frost
formed on the evaporator. However, this method is inef-
ficient to remove the frost formed on the evaporator be-
cause the defrosting operation is carried out based on
the operating time of the compressor, irrespective of the
actual amount of the frost formed on the evaporator.
[0006] To this end, in order to efficiently control oper-
ation of a defrosting heater, there is a conventional frost
detecting apparatus to directly detect the amount of frost
formed on an evaporator. An example of such a conven-
tional frost detecting apparatus, in particular, a conven-
tional frost detecting apparatus using an electric field, is
disclosed in U.S. Patent No. 7,466,146. The configura-
tion of the disclosed frost detecting apparatus is shown
in FIG. 1.

[0007] As shownin FIG. 1, the frost detecting appara-
tus, which uses an electric field, includes a first electrode
11 to detect frost formed between the first electrode 11
and a first cooling fin 21 of an evaporator 20, a first insu-
lator 12 arranged adjacent to the first electrode 11, a
second electrode 13 arranged adjacent to the first insu-
lator 12, a second cooling fin 22 arranged opposite the
first cooling fin 21, and a second insulator 14 arranged
between the second cooling fin 22 and the second elec-
trode 13, toinsulate the second cooling fin 22 and second
electrode 13 from each other. The first electrode 11 is
connected to a sensor terminal A, whereas the second
electrode 13 is connected to a shield terminal B.

[0008] Inthe frost detecting apparatus, an electric field
is generated between the first electrode 11 and the first
cooling fin 21. When frost is formed between the first
cooling fin 21 and the first electrode 11, the electric field
is varied due to the formed frost. As a result, the dielectric
constants of the first cooling fin 21 and first electrode 11
are varied, so that a variation in capacitance occurs. The
varied capacitance is output in the form of a voltage
through the sensor terminal A. In this case, whether or
not frost has been formed and the amount of the formed
frost are detected based on the voltage output through
the sensor terminal A.

[0009] Upon detecting formation of frost, the same volt-
age is supplied to the first electrode 11 and second elec-
trode 13 of the frost detecting apparatus 10, in order to
prevent an electric field from being generated in a region
beneath the first electrode 11 (namely, a frost non-de-
tection region).

[0010] However, an electric field is inevitably formed
between the first electrode 11 and the second electrode
13. This electric field is partially applied to the second
cooling fin 22 via corners of the first electrode 11. That
is, the distance between the first electrode 11 and the
second cooling fin 22 is shorter than the distance be-
tween the first electrode 11 and the first cooling fin 21
because the thickness of the frost detecting apparatus
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10 is small, so that a great portion of the electric field is
applied from the corners of the first electrode 11 to the
second cooling fin 22. Since the region arranged toward
the second cooling fin 22 with respect to the first electrode
11 is not the frost detection region, the electric field es-
tablished at the side of the second cooling fin 22 functions
as a signal other than a frost detection signal, namely,
noise.

[0011] The temperature of the evaporator may be
abruptly varied in accordance with the operating time of
the compressor. In this case, the dielectric constant of
the first insulator 12 may be varied, so that the electric
field, which is applied from the first electrode 11 to the
second cooling fin 22 via the first insulator 12, may be
varied. As aresult, the electric field, which is applied from
the first electrode 11 to the second cooling fin 22, may
be also varied. To this end, it is necessary to take into
consideration a variation in the electric field of the first
electrode 11 depending on the temperature variation of
the first insulator 12, upon detecting formation of frost
using the frost detecting apparatus. This will be described
with reference to FIGS. 2 and 3.

[0012] FIG. 2is a graph depicting a variation in dielec-
tric constant according to a variation in the temperature
of the first insulator 12 in association with various com-
position ratios (content ratios of epoxy (a) and silicon (b))
of the first insulator 12. Referring to FIG. 2, it may be
seen that, in association with silicon (b), a dielectric con-
stant variation of 0.5 or more is exhibited when the am-
bienttemperature of the frost detecting apparatus ranges
between 70 to -30°C.

[0013] FIG. 3Ais a graph depicting a variation in noise
value exhibited according to a decrease in temperature
from room temperature to -23°C under the condition that
there is no artificial humidification after installation of the
frost detecting apparatus at a cooling fin of an evaporator
in a refrigerator. In detail, FIG. 3A is a graph depicting
temperature variations of the evaporator and frost de-
tecting apparatus depending on the driving time of a com-
pressor. FIG. 3B is a graph depicting a variation in output
voltage according to a variation in the dielectric constant
of the first insulator 12 depending on the driving time of
the compressor.

[0014] As shown in FIG. 3A, the output voltage of the
frost detecting apparatus 10, which initially has a value
of 2.491V, is increased to 2.499V due to an abrupt tem-
perature variation for about 60 seconds. Referring to FIG.
3A, it may be seen that, due to the temperature variation
for about 60 seconds, the output voltage is varied by
0.008V (Namely, the output voltage becomes noise.). As
the temperature is stabilized, the output voltage becomes
constant.

[0015] Thatis, when itis assumed that the output volt-
age variation caused by formation of frostis 0.025V, there
may be an error of about 30% unless the noise value of
0.008V generated due to the temperature variation is
compensated for.

[0016] To this end, it may be necessary to attach a
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separate temperature sensor to the evaporator, in order
to achieve temperature compensation according to var-
iation in ambient temperature of the frost detecting ap-
paratus.

[0017] Asfrostisformed onthe evaporator, the capac-
itance established between the frost detecting apparatus
and the cooling fin is increase. In this case, the output
voltage must be decreased. However, an increase in out-
put voltage occurs due to output noise caused by a de-
crease intemperature. In orderto accurately compensate
for this error, it may be necessary to accurately detect
the dielectric constant of the insulator varied in accord-
ance with a variation in temperature. It may also be nec-
essary to take into consideration a deviation occurring
during manufacture of the frost detecting apparatus.

SUMMARY

[0018] Inaccordance with one aspect, afrost detecting
apparatus includes a first electrode to generate an elec-
tric field in a frost detection region, a second electrode
to prevent the electric field from leaking into a frost non-
detection region, an insulator arranged between the first
electrode and the second electrode, to insulate the first
electrode, and a shield arranged around an exposed por-
tion of the insulator, to prevent the electric field from leak-
ing into the frost non-detection region through the ex-
posed portion of the insulator.

[0019] The shield may be electrically connected to the
second electrode.

[0020] The shield may surround side surfaces of the
insulator.

[0021] The shield may extend around side surfaces of
the first electrode.

[0022] The shield may be spaced apart from the first
electrode such that an insulating gap is defined between
the shield and the first electrode, to insulate the first elec-
trode.

[0023] The shield may be formed integrally with the
second electrode.

[0024] The second electrode may be bent toward the
insulator such that atleast one outer portion of the second
electrode surrounds the insulator.

[0025] The same potential may be established at the
first and second electrodes.

[0026] The same potential may be established at the
shield and the first electrode.

[0027] The frost detecting apparatus may further in-
clude a second insulator formed on an outer surface of
the second electrode.

[0028] An object, for which detection of frost formation
will be performed, may be in contact with an outer surface
of the second insulator.

[0029] The shield may prevent the electric field gener-
ated in the frost detection region from varying in spite of
a variation in dielectric constant caused by a variation in
ambient temperature around the insulator.

[0030] In accordance with another aspect, a frost de-
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tecting apparatus includes a first electrode to generate
an electric field in a frost detection region, a shield later-
ally arranged around the first electrode such that the
shield surrounds the first electrode while being insulated
from the first electrode, to prevent the electric field from
leaking into a frost non-detection region through a side
surface of the first electrode, an insulator arranged in
contact with a back surface of the first electrode and a
back surface of the shield, and a second electrode ar-
ranged in contact with a back surface of the insulator, to
prevent the electric field from leaking into the frost non-
detection region through the back surface of the first in-
sulator.

[0031] The frost detecting apparatus may further in-
clude a conductor to electrically connect the shield and
the second electrode.

[0032] The conductor may extend from the second
electrode around the insulator, to laterally surround the
insulator.

[0033] The frost detecting apparatus may further in-
clude at least one hole extending through the insulator,
and a conductor formed in the hole. The conductor may
prevent the electric field from leaking into the frost non-
detection region through at least one of the side surface
of the first electrode and a side surface of the insulator.
[0034] The at least one hole may include at least four
holes formed along the side surface of the insulator, and
connected to the second electrode.

[0035] The same potential may be established at the
second electrode, the first electrode, and the shield.
[0036] The shield may be spaced apart from the first
electrode, to define an insulating gap between the shield
and the first electrode. The first electrode may be con-
nected to a sensor terminal. The second electrode and
the shield may be connected to a shield terminal.
[0037] The frost detecting apparatus may further in-
clude a second insulator formed on a back surface of the
second electrode, and the second insulator insulates the
first electrode, to prevent the first electrode from being
eroded by moisture.

[0038] The conductor may extend from the second
electrode such that the conductor laterally surrounds the
insulator.

[0039] The frost non-detection region may be a region
where an electric field generated by the first electrode in
an opposite direction to an electric field generated in the
frost detecting region by the first electrode is established.
[0040] In accordance with another aspect, a frost de-
tecting apparatus includes a plate-shaped first electrode
to generate an electric field in a frost detection region, a
plate-shaped first insulator arranged in contact with a
back surface of the first electrode, a plate-shaped second
electrode arranged in contact with the first insulator, to
prevent the electric field from leaking through the back
surface of the first electrode, a plate-shaped second in-
sulator arranged in contact with a back surface of the
second electrode, and a shield to prevent the electric
field from leaking through a side surface of the first insu-
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lator, wherein the shield is formed to laterally surround
the first insulator.

[0041] The shield may extend along side surfaces of
the first electrode.

[0042] The shield may be electrically connected to the
second electrode. The shield may have a plate structure
bent to surround the first insulator and the first electrode.
[0043] The same potential may be established at the
shield and the first electrode.

[0044] In accordance with another aspect, a cooling
system, which includes an evaporator mounted with a
first cooling fin and a second cooling fin, further includes
a frost detecting apparatus including a first electrode ar-
ranged to face the first cooling fin, the first electrode gen-
erating an electric field in a region between the first elec-
trode and the first cooling fin, to detect formation of frost,
a first insulator arranged at a back surface of the first
electrode, a second electrode arranged at a back surface
of the first insulator, to prevent the electric field from leak-
ing toward the second cooling fin, a second insulator ar-
ranged in contact with the second cooling fin, to insulate
the second cooling fin from the second electrode, and a
shield arranged around an exposed portion of the first
insulator, to prevent the electric field from leaking toward
the second cooling fin through the exposed portion of the
first insulator.

[0045] The shield may extend along side surfaces of
the first insulator. The shield may extend to a lower level
than upper ends of the side surfaces of the first insulator.
[0046] The cooling system may further include a de-
tector to detect a voltage corresponding to a variation in
the electric field generated between the first electrode of
the frost detecting apparatus and the first cooling fin, and
a controller to control a defrosting operation, based on
the voltage detected by the detector.

[0047] The shield may extend to a region surrounding
the first electrode above the exposed portion of the first
insulator.

[0048] The cooling system may further include a volt-
age supplier to supply the same voltage to the first and
second electrodes, thereby establishing the same poten-
tial at the first and second electrodes. The first electrode
may be connected to a sensor terminal, and the second
electrode is connected to a shield terminal.

[0049] The frost detecting apparatus may have a U-
shaped structure having bent portions, so as to be at-
tached to the second cooling fin facing the first cooling fin.
[0050] The frost detecting apparatus may have a dou-
ble structure including two frost detecting units each hav-
ing the same structure as the frost detecting apparatus.
The second insulators of the frost detecting units may be
in contact with each other.

[0051] The cooling system may further include a de-
tector to detect a voltage corresponding to a variation in
the electric field generated between the first electrode of
the frost detecting apparatus and the first cooling fin, and
a controller to control a defrosting operation, based on
the voltage detected by the detector. The controller may
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receives, from the detector, voltages respectively corre-
sponding to capacitances generated in the frost detecting
units, may sum the voltages, and may control the defrost-
ing operation, based on the summed voltage.

[0052] The shield may be electrically connected to the
second electrode.

[0053] The shield may include a plurality of holes ex-
tending through the first insulator, and a conductor
formed in each of the holes, so as to electrically connect
the shield to the second electrode via the conductor.
[0054] The shield may extend to a level equalto alevel
of upper ends of side surfaces of the first electrode, and
may be spaced apart from the first electrode such that a
gap is defined between the shield and the first electrode,
to electrically insulate the shield from the first electrode.
[0055] The shield may have at least one outer portion
bent toward the first cooling fin to surround at least one
side surface of the first insulator.

[0056] The shield may extend to a level equalto alevel
of upper ends of side surfaces of the first electrode. The
first insulator may insulate the shield from the first elec-
trode.

[0057] In accordance with another aspect, a refriger-
ator, which includes an evaporator mounted with a first
cooling fin and a second cooling fin, further includes a
frost detecting apparatus including a first electrode ar-
ranged to face the first cooling fin, the first electrode gen-
erating an electric field, a first insulator arranged at a
back surface of the first electrode, a second electrode
arranged at a back surface of the first insulator, to prevent
the electric field from leaking toward the second cooling
fin, a second insulator to insulate the second cooling fin
from the second electrode, a shield arranged around an
outer peripheral surface of the first insulator, to prevent
the electric field from leaking toward the second cooling
fin through the outer peripheral surface of the first insu-
lator, and an insulating gap to insulate the shield and the
first electrode from each other.

[0058] The shield may be formed integrally with the
second electrode.

[0059] The shield may be laterally spaced apart from
the first electrode. The shield may include a plurality of
holes extending through the first insulator. Each of the
holes may electrically connect the shield and the second
electrode.

[0060] The shield may further include a conductor
formed along side surfaces of the first insulator, to elec-
trically connect the shield to the second electrode.
[0061] The shield may extend to alevel equalto alevel
of upper ends of side surfaces of the first electrode.
[0062] In accordance with one aspect, an electrode is
arranged around an electrode functioning to detect for-
mation of frost, and the same potential is established at
the electrodes, in order to prevent electric field from leak-
inginto afrost non-detection region through side surfaces
of the frost-detecting electrode. Accordingly, the electric
field generated by the frost-detecting electrode may be
varied only by frost formed in a frost detection region. As
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a result, it may be possible to more accurately detect
formation of frost on the refrigerant tube and cooling fins
of the evaporator, and the amount of the formed frost. It
may also be possible to accurately determine a defrosting
operation start point and a defrosting operation end point.
Thus, an enhancement in defrosting performance may
be achieved.

[0063] In accordance with another aspect, an elec-
trode is arranged around an electrode functioning to de-
tect formation of frost such that an insulator is interposed
between the electrodes, and the same potential is estab-
lished at the electrodes, in order to prevent electric field
from leaking into a frost non-detection region through
side surface edges of the frost-detecting electrode.
[0064] It may also be possible to prevent the electric
field leaking into the frost non-detection region from var-
ying in spite of a variation in dielectric constant of an
insulator caused by a variation in ambient temperature
around the evaporator. That s, it may be possible to pre-
vent the electric field established in the frost detection
region from leaking into other regions. Accordingly, it may
be possible to more accurately detect formation of frost
on the refrigerant tube and cooling fins of the evaporator,
and the amount of the formed frost, without temperature
compensation required due to a variation in ambient tem-
perature around the frost detecting apparatus. Thus, an

enhancement in defrosting performance may be
achieved.
[0065] In this regard, it may be possible to simplify the

configuration of the frost detecting apparatus because it
may be unnecessary to mount a temperature sensor to
the evaporator. It may also be possible to easily control
the defrosting operation without errors caused by tem-
perature compensation because it may be unnecessary
to perform temperature compensation based on a tem-
perature sensed by the temperature sensor during the
defrosting operation control. Thus, it may be possible to
more accurately detect formation of frost and the amount
of the formed frost.

[0066] In this regard, it may be possible to start or stop
driving of a heater for a defrosting operation at an appro-
priate point of time in accordance with the accurately-
detected frost amount and the accurately-determined de-
frosting operation ending time, and thus to optimize the
defrosting operation. Accordingly, an enhancement in
heat exchange performance of the evaporator may be
achieved. Also, an enhancement in energy efficiency
may be achieved through a reduction in consumption of
energy caused by the defrosting operation.

[0067] Where the cooling system is a refrigerator, it
may be possible to control the defrosting operation at an
appropriate point of time, based on the accurately-de-
tected frost amount and the accurately-determined de-
frosting operation ending time. Accordingly, it is possible
to prevent degradation in the cooling efficiency of the
evaporator caused by degradation in heat exchange and
air flow occurring due to formation of frost. It is also pos-
sible to efficiently drive a heater used to remove frost. In
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this case, accordingly, it may be possible to minimize
temperature variation occurring in the interior of the re-
frigerator, and to store food in the refrigerator in a fresh
state for a prolonged period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1is a schematic view illustrating a configuration
of a conventional frost detecting apparatus provided
at a cooling system;

FIG. 2 is a graph depicting a variation in the dielectric
constant of an insulator in the conventional frost de-
tecting apparatus in accordance with variation inam-
bient temperature of the frost detecting apparatus;
FIG. 3Ais a graph depicting temperature variations
of an evaporator included in the cooling system and
the conventional frost detecting apparatus depend-
ing on the driving time of a compressor included in
the cooling system;

FIG. 3B is a graph depicting a variation in the output
voltage of the conventional frost detecting apparatus
depending on the driving time of the compressor;
FIG. 4 is a view illustrating an internal configuration
of a refrigerator according to an exemplary embod-
iment;

FIG. 5 is a view illustrating installation of a frost de-
tecting apparatus provided at the refrigerator accord-
ing to the illustrated exemplary embodiment;

FIG. 6is ablock diagramiillustrating a defrosting con-
trol configuration of the refrigerator according to the
illustrated exemplary embodiment.

FIG. 7A is a perspective view of a frost detecting
apparatus configured in accordance with an exem-
plary embodiment;

FIG. 7B is a sectional view of the frost detecting ap-
paratus according to the exemplary embodiment il-
lustrated in FIG. 7A;

FIGS. 8A and 8B are distribution diagrams of electric
fields respectively generated in a conventional frost
detecting apparatus and the frost detecting appara-
tus according to the illustrated exemplary embodi-
ment;

FIG. 9 depicts graphs of surface charge densities at
respective first electrodes in the conventional frost
detecting apparatus and the frost detecting appara-
tus according to the illustrated exemplary embodi-
ment;

FIGS. 10A and 10B are graphs depicting variation
in output voltage from the frost detecting apparatus
depending on variation in ambient temperature of
the frost detecting apparatus in accordance with an
exemplary embodiment;

FIG. 11A s a perspective view illustrating a frost de-
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tecting apparatus according to an exemplary embod-
iment;

FIG. 11B to 11D are sectional views respectively il-
lustrating different structures of a second insulator
included in the frost detecting apparatus shown in
FIG. 11A;

FIG. 12 is a view illustrating an installed state of a
frost detecting apparatus according to an exemplary
embodiment;

FIG. 13 is a graph depicting a voltage corresponding
to an amount of frost detected by the frost detecting
apparatus in accordance with an exemplary embod-
iment;

FIG. 14A is a perspective view of a frost detecting
apparatus according to another exemplary embodi-
ment;

FIG. 14B is a sectional view of the frost detecting
apparatus shown in FIG. 14A;

FIG. 14C is a sectional view of the frost detecting
apparatus shown in FIG. 14B, which additionally in-
cludes a second insulator;

FIG. 15is a sectional view of a frost detecting appa-
ratus according to another exemplary embodiment;
FIG. 16A is a sectional view of a frost detecting ap-
paratus according to another exemplary embodi-
ment;

FIG. 16B is a sectional view illustrating the frost de-
tecting apparatus shown in FIG. 16A;

FIG. 17 is a sectional view of a frost detecting appa-
ratus according to another exemplary embodiment;
FIG. 18 is a perspective view of a frost detecting
apparatus according to another exemplary embodi-
ment;

FIG. 19 is a perspective view illustrating an installed
state of the frost detecting apparatus shown in FIG.
18;

FIG. 20A is a perspective view of a frost detecting
apparatus according to another exemplary embodi-
ment;

FIG. 20B is a cross-sectional view taken along the
line X-X in FIG. 20A, illustrating the frost detecting
apparatus shown in FIG. 20A; and

FIG. 21 is a perspective view illustrating an installed
state of the frost detecting apparatus shown in FIGS.
20A and 20B.

DETAILED DESCRIPTION

[0069] Hereinafter, exemplary embodiments will be
described by referring to the figures.

[0070] Each exemplary embodiment is adapted to en-
hance the defrosting efficiency of a cooling system, and
thus to reduce power consumption by accurately detect-
ing whether or not frost has been formed on an evapo-
rator of the cooling system and the amount of the formed
frost, and controlling driving of a heater based on the
results of the detection, thereby controlling a defrosting
operation. The exemplary embodiments are described
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in conjunction with an example in which the cooling sys-
tem is applied to a refrigerator.

[0071] FIG. 4 is a view illustrating an internal configu-
ration of a refrigerator according to an exemplary em-
bodiment. FIG. 5is a view illustrating installation of a frost
detecting apparatus provided at the refrigerator accord-
ing to the illustrated exemplary embodiment. FIG. 6 is a
block diagram illustrating a defrosting control configura-
tion of the refrigerator according to the illustrated embod-
iment.

[0072] A refrigerator is adapted to store food in a fresh
state for a prolonged period of time by maintaining a stor-
age chamber in a low-temperature state through repeti-
tion of arefrigeration cycle to sequentially compress, con-
dense, expand, and vaporize a refrigerant.

[0073] As shown in FIG. 4, such a refrigerator, which
is designated by reference numeral 100, includes a body
110 having an open front side, and a storage chamber
120 defined in the body 110, to store food. The storage
chamber 120 is laterally divided into a freezing compart-
ment and a refrigerating compartment by an intermediate
barrier wall. Each of the freezing and refrigerating com-
partments is open at a front side thereof. A door 130 is
provided at the open front side of each compartment, to
shield the compartment from an outside of the compart-
ment. A duct D, through which air flows, is formed be-
tween the body 110 and one wall of the storage chamber
120. A plurality of holes are formed through the wall of
the storage chamber 120. Through the holes, air flows
between the storage chamber 120 and the duct D.
[0074] Installed in the duct D are an evaporator 140 to
cool ambient air present around the evaporator 140 in
accordance with a cooling operation of absorbing latent
heat from the ambient air while evaporating a refrigerant
supplied from a condenser (not shown), afan 150 to suck
air from the storage chamber 120 while supplying air
passing around the evaporator 140 to the storage cham-
ber 120, and a heater 160 to remove frost formed on the
evaporator 140. In a machinery chamber defined in a
lower portion of the body 110, a compressor 170 to supply
the refrigerant after compressing the refrigerant is in-
stalled. The condenser (not shown) is also installed in
the machinery chamber, to discharge heat from the re-
frigerant, which has been compressed into a high-tem-
perature and high-pressure state, thereby condensing
the refrigerant.

[0075] The evaporator 140 includes a refrigerant tube
141, through which the refrigerant flows, and a plurality
of cooling fins 142 (142a and 142b) mounted to the re-
frigerant tube 141, to achieve an enhancement in heat
exchange efficiency. The evaporator 140 functions to
heat-exchange the refrigerant, which is maintained in a
low-temperature and low-pressure state, with air present
in the storage chamber at a higher temperature than the
refrigerant, and thus to evaporate the refrigerant, thereby
lowering the internal temperature of the storage cham-
ber. Due to a temperature difference between the refrig-
erant and the air in the storage chamber, frost is contin-
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uously formed on the refrigerant tube 141 and cooling
fins 142.

[0076] Inordertoremove the frost formed on the evap-
orator 140, a defrosting operation is carried out. To con-
trol the defrosting operation, driving of the heater 160 is
controlled under control of the controller 180. In order to
control the defrosting operation, it is necessary to know
whether or not frost has been formed on the evaporator
140 and the amount of the formed frost.

[0077] As shown in FIGS. 5 and 6, the refrigerator,
which is an example of the cooling system, further in-
cludes a frost detecting apparatus 200 installed at at least
one of the refrigerant tube 141 and plural cooling fins 142
(142a and 142b) of the evaporator 140, to detect whether
or not frost has been formed on the evaporator 140 and
the amount of the formed frost.

[0078] The cooling system, namely, the refrigerator,
furtherincludes a detector 190 electrically connected with
the frost detecting apparatus 200, to receive frost data
from the frost detecting apparatus, and to transmit the
data to the controller 180. The refrigerator further in-
cludes a power supply P to supply voltages having the
same phase and magnitude to a sensor terminal A and
a shield terminal B, which are included in the frost de-
tecting apparatus 200, so as to establish the same po-
tential at first and second electrodes 210 and 230 of the
frost detecting apparatus 200.

[0079] The frost data generated from the frost detect-
ing apparatus 200 represents a capacitance C detected
between the frost detecting apparatus 200 and the cool-
ing fin 142 where the frost detecting apparatus 200 is
installed. As the amount of frost formed between the frost
detecting apparatus 200 and the cooling fin 142 increas-
es, an increase in dielectric constant occurs, thereby
causing the capacitance C to increase. In accordance
with the capacitance increase, a decrease in voltage oc-
curs. That is, the voltage generated between the frost
detecting apparatus 200 and the cooling fin 142 is pro-
portional to the impedance Z established between the
frost detecting apparatus 200 and the cooling fin 142. On
the other hand, the impedance Zis inversely proportional
to the capacitance C (Z = 1/jwC). As a result, the voltage
between the frost detecting apparatus 200 and the cool-
ing fin 142 is inversely proportional to the capacitance C
between the frost detecting apparatus 200 and the cool-
ing fin 142.

[0080] The detector 190 is connected to the sensor
terminal A of the frost detecting apparatus 200, to detect
a voltage generated in accordance with the capacitance
between the frost detecting apparatus 200 and the cool-
ing fin 142. The detector 190 transmits the detected volt-
age to the controller 180.

[0081] The controller 180 compares the voltage re-
ceived from the detector 190 with a first reference volt-
age, to determine a point of time when a defrosting op-
eration is to be begun. Thatis, when the voltage received
from the detector 190 is lower than the first reference
voltage, the controller 180 determines that it is time to
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perform a defrosting operation. In this case, the controller
180 controls the fan 150 and compressor 170 to stop.
The controller 180 also controls the heater 160 to be driv-
en. In accordance with these control operations, a de-
frosting operation is carried out.

[0082] During the defrosting operation, the controller
180 compares the voltage received from the detector 190
with a second reference voltage, to determine a point of
time when the defrosting operation is to be ended. That
is, when the voltage received from the detector 190 is
higher than the second reference voltage, the controller
180 determines that it is time to end the defrosting oper-
ation in that defrosting operation is no longer required
because there is no frost. In this case, the controller 180
controls the heater 160 to stop. The controller 180 also
controls the fan 150 and compressor 170 to be driven.
In accordance with these operations, a cooling operation
is carried out. At this time, the controller 180 controls the
compressor 170 and fan 150 to be drive in accordance
with an operation mode set by the user, in order to main-
tain the storage chamber at a predetermined tempera-
ture.

[0083] Frost amount data, which is represented by a
corresponding voltage, is experimentally acquired.
Based on the acquired frost amount data, the first refer-
ence voltage associated with the point of time when the
defrosting operation is to be begun, and the second ref-
erence voltage associated with the point of time when
the defrosting operation is to be ended are determined.
The determined first and second reference voltages are
stored in a memory (not shown) or the like so that they
may be subsequently used.

[0084] Alternatively, the frost detecting apparatus 200
may be installed at the cooling fin 142 of the evaporator
140, to experimentally acquire an initial voltage generat-
ed between the frost detecting apparatus 200 and the
cooling fin 142, and to experimentally acquire a saturated
voltage generated in a frost saturation state. In this case,
the first reference voltage may be set to a voltage ob-
tained through comparison between the initial voltage
and the saturated voltage. Also, the second reference
voltage is set to "0". The set first and second voltages
may then be stored in the memory (not shown), so as to
be subsequently used.

[0085] The reason why the second reference voltage
is set to "0" is that the initial voltage is output when the
defrosting operation for the evaporator 140 is ended, be-
cause frost is no longer present between the frost detect-
ing apparatus 200 and the cooling fin 142.

[0086] Then, the controller 180 compares the current
voltage between the frost detecting apparatus 200 and
the cooling fin 142 with the initial voltage, and subse-
quently compares the resulting comparison voltage with
the first reference voltage. When the comparison voltage
is higher than the first reference voltage, the controller
180 performs a control operation to begin a defrosting
operation. During the defrosting operation, the controller
180 compares the current voltage between the frost de-
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tecting apparatus 200 and the cooling fin 142 with the
initial voltage, and then compares the resulting compar-
ison voltage with the second reference voltage. When
the comparison voltage is lower than the second refer-
ence voltage, the controller 180 performs a control op-
eration to end the defrosting operation.

[0087] Upon setting thefirstand second reference volt-
ages, the distance between the cooling fins 142 should
be taken into consideration.

[0088] Thatis, the distance between one of the cooling
fins 142 and the frost detecting apparatus 200 is varied
in accordance with the distance between the frost detect-
ing apparatus 200 and the other cooling fin 142 where
the frost detecting apparatus 200 is installed. For this
reason, the capacitance between the one cooling fin 142
and the frost detecting apparatus 200 (C = kegA/d (A: the
area of the first electrode, d: the distance between the
cooling fins, k: the dielectric constant between the elec-
trodes, and ¢,: the dielectric constant of free space)) is
varied, thereby varying the voltage between the frost de-
tecting apparatus 200 and the cooling fin 142.

[0089] It may also be possible to experimentally ac-
quire amounts of frost respectively corresponding to giv-
en different voltages and times respectively taken to re-
move the amounts of frost corresponding to the given
different voltages, and to store the acquired data in the
memory (not shown). In this case, the controller 180 may
control the defrosting operation by controlling the heater
160 to be driven for the stored time corresponding to a
detected voltage.

[0090] Thus, it may be possible to optimize the defrost-
ing operation by starting the defrosting operation at an
appropriate point of time, and ending the defrosting op-
eration at an appropriate point of time. Accordingly, pow-
er consumption may be minimized.

[0091] Hereinafter, the frost detecting apparatus 200
will be described with reference to FIG. 7.

[0092] FIG. 7A is a perspective view of the frost de-
tecting apparatus 200, which is configured in accordance
with an exemplary embodiment. FIG. 7B is a sectional
view of the frost detecting apparatus 200 according to
the illustrated exemplary embodiment.

[0093] The frost detecting apparatus 200 includes a
first electrode 210 to detect formation of frost, a first in-
sulator 220 arranged in contact with the first electrode
210, and a second electrode 230 arranged in contact with
the first insulator 220.

[0094] In detail, the second electrode 230 is arranged
in contact with the back surface of the first insulator 220.
The second electrode 230 extends around an exposed
portion of the first insulator 220, so as to surround the
exposed portion of the first insulator 220. Thus, the sec-
ond electrode 230 extends along the surfaces of the first
electrode 210, except for the front surface of the first elec-
trode 210, (namely, the side surfaces of the first electrode
210), so as to surround the first electrode 210. In this
case, the first electrode 210 is arranged to face the first
cooling fin, to detect formation of frost.
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[0095] In accordance with this arrangement, the sec-
ond electrode 230 functions as a shield to cut off an elec-
tric field leaking at side surface edges of the firstinsulator
220 and first electrode 210.

[0096] The second electrode 230 may extendtoa high-
er level than the side surfaces of the first electrode 210.
In this case, the second electrode 230 guides an electric
field generated from the first electrode 210 such that the
electric field of the first electrode 210 defines a frost de-
tection region.

[0097] Of course, the second electrode 230 may ex-
tend to a lower level than the side surfaces of the first
electrode 210.

[0098] Aninsulation gap g is formed between the sec-
ond electrode 230 and the first electrode 210, to insulate
the second electrode 230 from the first electrode 210. Of
course, an insulator may be inserted between the second
electrode 230 and the first electrode 210.

[0099] The first electrode 210 of the frost detecting ap-
paratus 200 is connected to a sensor terminal A, whereas
the second electrode 230 is connected to a shield termi-
nal B. Voltages having the same phase and magnitude
are applied to the first electrode 210 and second elec-
trode 230, respectively. As a result, the same potential
is established at both the electrodes 210 and 230. Thus,
the electric field generated from the second electrode
230 prevents the electric field generated from the first
electrode 210 from being transmitted to the second cool-
ing fin.

[0100] In the frost detecting apparatus 200, the same
potential is established at both the first electrode 210 and
the second electrode 230. In particular, the same poten-
tial is established at both the side surfaces of the first
electrode 210 and the portions of the second electrode
230 arranged around the side surfaces of the first elec-
trode 210. Accordingly, it may be possible to prevent the
electric field generated from the first electrode 210 from
leaking at the side surface edges of the first electrode
210. It may also be possible to prevent the electric field
of the first electrode 210 from leaking through the side
surface edges of the first insulator 220. Thus, it may be
possible to prevent the electric field of the first electrode
210, which defines the frost detection region, from being
varied. That is, the electric field of the first electrode 210
is guided only to the first cooling fin without leaking, by
the second electrode 230. Thus, the electric field of the
first electrode 210 in the frost detecting apparatus 200 is
varied only by frost formed between the first electrode
210 and the first cooling fin.

[0101] Meanwhile, the first insulator 220 of the frost
detecting apparatus 200 exhibits a variation in dielectric
constant in accordance with a variation in ambient tem-
perature around the first insulator 220. In this case, the
surface charge density of the first electrode 210 may be
varied, thereby causing a variation in the electric field
leaking through the first insulator 220. However, the sec-
ond electrode 230 may prevent the electric field from
leaking at the side surface edges of the first insulator 220

10

15

20

25

30

35

40

45

50

55

even when the dielectric constant of the first insulator
220 varies, and thus prevent the electric field from being
varied. That is, it may be possible to prevent the electric
field generated between the first electrode 210 and the
second cooling fin from leaking and varying in spite of a
variation in the dielectric constant of the first insulator
220. Thus, the electric field generated between the first
electrode 210 and the first cooling fin may be varied only
by frost formed between the first electrode 210 and the
first cooling fin. This will be described with reference to
FIGS. 8 and 9.

[0102] FIGS. 8A and 8B depict distribution diagrams
of electric fields respectively generated in a conventional
frost detecting apparatus and the frost detecting appa-
ratus according to the illustrated exemplary embodiment.
FIG. 9 depicts graphs of surface charge densities at re-
spective first electrodes in the conventional frost detect-
ing apparatus and the frost detecting apparatus accord-
ing to the illustrated exemplary embodiment.

[0103] FIG. 8A is a distribution diagram of an electric
field generated from a first electrode 11 where a second
electrode 13 in a conventional frost detecting apparatus
10 is formed only beneath a first insulator 12, as in the
conventional case shown in FIG. 1. FIG. 8B is a distribu-
tion diagram of an electric field generated from the first
electrode 210 where the second electrode 230 of the
frost detecting apparatus 200 is formed to surround the
first insulator 220 and first electrode 210. Referring to
FIGS 8A and 8B, it may be seen that, in the frost detecting
apparatus 200, in which the second electrode 230 sur-
rounds the first insulator 220 and first electrode 210, the
electric field distribution of the first electrode 210 is dens-
er in the frost detection region.

[0104] FIG. 9 is a graph depicting a variation in the
surface charge density of the first electrode 11 or 210
exhibited when the dielectric constant of the firstinsulator
12 or 220 interposed between the two electrodes 11 and
13 in the conventional frost detecting apparatus or be-
tween the two electrodes 210 and 230 in the frost detect-
ing apparatus according to the illustrated embodiment
varies between 1 and 5. Where the second electrode 13
is formed only beneath the first insulator 12, as in the
conventional case, it may be seen that a relatively-con-
siderable variation in surface charge density occurs in
accordance with a variation in the dielectric constant of
thefirstinsulator 12. On the other hand, where the second
electrode 230 surrounds the first insulator 220, as in the
illustrated embodiment, it may be seen that there is no
variation in surface charge density in spite of a variation
in the dielectric constant of the first insulator 220.
[0105] Inthe conventional case, the dielectric constant
of the first insulator 12 is varied in accordance with var-
iation in ambient temperature of the defrost detecting ap-
paratus 10, so that the surface charge density between
the first insulator 12 and the first electrode 11 is varied,
thereby causing a variation in the electric field leaking
from the first electrode 11 into the frost non-detection
region. As aresult, the electric field between thefirst elec-
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trode 11 and the first cooling fin 21 is varied, so that the
frost detection signal generated due to formation of frost
is varied. In the illustrated embodiment, however, it may
be seen that the surface charge density is constant in
spite of a variation in the dielectric constant of the first
insulator 220 according to temperature variation, be-
cause the second electrode 230 is formed to surround
the first electrode 210 and first insulator220, and the
same potential is established at both the first and second
electrodes 210 and 230.

[0106] Thus, the second electrode 230, which has the
same potential as the first electrode 210, may prevent
the electric field of the first electrode 210, which will be
established in the frost detection region, from leaking into
a non-detection region, and thus prevent the electric field
between the first electrode 210 and the first cooling fin
from being varied due to a variation in temperature. This
will be described with reference to FIG. 10Aand FIG. 10B
[0107] FIG. 10Ais a graph depicting variation in output
voltage from the frost detecting apparatus 200 depending
on variation in ambient temperature of the frost detecting
apparatus 200 in accordance with an exemplary embod-
iment.

[0108] As the compressor 170 operates for a cooling
operation, the ambient temperature of the evaporator 140
is decreased. As a result, the ambient temperature of the
frost detecting apparatus 200 is lowered from about 15°C
to about -25°C, as shown in FIG. 10B. In this case, how-
ever, the electric field between the first electrode 210 and
the cooling fin is constant in spite of a variation in the
dielectric constant of the first insulator 220 caused by the
ambient temperature variation of the frost detecting ap-
paratus 200, as shown in FIG. 10A That is, there is no
variation in capacitance. Thus, it may be seen that the
voltage output from the sensor terminal A connected to
the first electrode 210 of the frost detecting apparatus
200 is constant.

[0109] That is, the frost detection signal from the first
electrode 210 is not influenced by the ambient tempera-
ture variation of the frost detecting apparatus 200. In oth-
er words, the electric field established between the first
electrode 210 and the cooling fin is influenced only by
formation of frost.

[0110] As a result, it may be unnecessary to perform
a temperature compensation procedure upon detecting
formation of frost. Accordingly, it may be unnecessary to
mount a separate temperature sensor in the vicinity of
the frost detecting apparatus 200. Also, it may be possible
to use a simple and easy control algorithm in that no
temperature compensation algorithmis needed upon de-
tecting formation of frost.

[0111] Thefirst and second electrodes 210 and 230 of
the frost detecting apparatus 200 are made of a conduc-
tive material such as aluminum or copper. Where the
frost detecting apparatus 200 is installed at the cooling
fin 142, which is made of metal, a second insulator 240
is formed on the second electrode 230, which comes into
contact with the second cooling fin, in order to insulate
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the second cooling fin from the second electrode 230.
This will be described with reference to FIG. 11.

[0112] FIG. 11A to 11D are a perspective view and
sectional views illustrating frost detecting apparatuses
according to exemplary embodiments. In each embodi-
ment, the frost detecting apparatus 200 thereof includes
a first electrode 210, a first insulator 220, a second elec-
trode 230, and a second insulator 240.

[0113] FIG. 11Ais a perspective view of the frost de-
tecting apparatus, and FIG. 11B is a sectional view of
the frost detecting apparatus. The second insulator 240
of the frost detecting apparatus 200 is formed on an outer
surface of the second electrode 230, to shield the second
electrode 230, and thus to prevent the second electrode
230 from being electrically connected to a cooling fin.
The second insulator 240 of the frost detecting apparatus
200 is in contact with a cooling fin 142 of an evaporator
140.

[0114] In the case of FIG. 11C, the second insulator
240 of the frost detecting apparatus 200 shields a region
around the second electrode 230, in order to prevent the
second electrode 230 from being electrically connected
with a cooling fin. The second insulator 240 is formed on
an outer surface of the first electrode 210, which is made
of metal, to prevent the first electrode 210 from being
eroded by frost. Thus, the second insulator 240 shields
the first electrode 210. The second insulator 240 is also
filledin aninsulating gap g, so thatit shields the insulating
gap g from the outside of the frost detecting apparatus
200.

[0115] In the case of FIG. 11D, the second insulator
240 of the frost detecting apparatus 200 is formed on an
outer surface of the second electrode 230, in order to
prevent the second electrode 230 from being electrically
connected with a cooling fin. Thus, the second insulator
240 shields the second electrode 230. The second insu-
lator 240 is also formed on surfaces of the first electrode
210 and surfaces defining an insulating gap g, in order
to prevent the first electrode 210, which is made of metal,
from being eroded by frost. Thus, the second insulator
240 shields the first electrode 210 and insulating gap g.
[0116] FIG. 12 is a view illustrating an installed state
of a frost detecting apparatus 200 according to an exem-
plary embodiment.

[0117] The frost detecting apparatus 200 is installed
at an evaporator 140, which includes a refrigerant tube
141, through which a refrigerant flows, and a plurality of
cooling fins 142, for example, a first cooling fin 142a and
a second cooling fin142b. In detail, the frost detecting
apparatus 200 is mounted to at least one of the plural
cooling fins.

[0118] Inmore detail, the frost detecting apparatus 200
includes a first electrode 210 arranged to face the first
cooling fin 142a while being connected to a sensor ter-
minal A, a first insulator 220 arranged in contact with the
first electrode 210, a second electrode 230 arranged in
contact with a back surface of the first insulator 220 and
connected to a shield terminal B while surrounding the
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first insulator 220 and first electrode 210, and a second
insulator 240 arranged in contact with the second elec-
trode 230 and formed on an outer surface of the second
electrode 230 to surround the second electrode 230 while
being in contact with the second cooling fin 142b. An
insulating gap g is formed between the second electrode
230 and the first electrode 210, in order to prevent the
second electrode 230 from being electrically connected
with the first electrode 210.

[0119] In the above-described frost detecting appara-
tus 200, the second insulator 240 is in contact with the
second cooling fin 142b. In this case, the first electrode
210 faces the first cooling fin 142a of the evaporator 140.
[0120] A frost detection region S1 is formed between
a front surface of the first electrode 210 and the first cool-
ing fin 142a. A frost non-detection region S2 is formed
between a front surface of the first electrode 210 and the
second cooling fin 142b. That is, the frost detecting ap-
paratus 200 detects formation of frost in the frost detec-
tion region S1 between the first electrode 210 and the
first cooling fin 142a.

[0121] The frost non-detection region S2 is a region
where an electric field generated by the first electrode
210 in an opposite direction to an electric field generated
in the frost detecting region S1 by the first electrode 210
is established.

[0122] In the frost detecting apparatus 200, voltages
having the same phase and magnitude are supplied to
the first electrode 210 and second electrode 230 via the
sensor terminal A and shield terminal B, respectively. As
aresult, the same potential is established at both the first
electrode 210 and second electrode 230.

[0123] Accordingly, it may be possible to prevent the
electric field from leaking at the side surface edges of the
first electrode 210 and first insulating layer 220. Also,
there is no variation in electric field corresponding to a
variation in the dielectric constant of the first insulator
220, which may occur when the ambient temperature of
the frost detecting apparatus 200 varies. Thatis, the elec-
tric field of the first electrode 210 is guided, by the second
electrode 230, to the frost detection region S1 without
leakage and variation in spite of a variation in the dielec-
tric constant of the firstinsulator 220 caused by a variation
in temperature. Thus, the electric field is varied only by
frost formed in the frost detection region S1 between the
first electrode 210 and the first cooling fin 142a.

[0124] Accordingly, it may be possible to achieve an
enhancement in frost detection performance. As a result,
it may be possible to accurately determine a defrosting
operation start point and a defrosting operation end point,
and thus to appropriately control the defrosting operation.
Thus, it may be possible to prevent degradation in the
cooling efficiency of the evaporator caused by degrada-
tion in heat exchange and air flow occurring due to for-
mation of frost. It is also possible to efficiently drive a
heater used to remove frost where the cooling system is
arefrigerator. In this case, accordingly, it may be possible
to minimize temperature variation occurring in the interior
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of the refrigerator, and to store food in the refrigerator in
a fresh state for a prolonged period of time.

[0125] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, charges are
distributed to both the first electrode 210 and the first
cooling fin 142a. As aresult, an electric field is generated
in a region between the first electrode 210 and the first
cooling fin 142a.

[0126] This electricfield is reduced in accordance with
an increase in dielectric constant caused by formation of
frost between the first electrode 210 and the first cooling
fin 142a. Such a dielectric constant variation also causes
a variation in capacitance, which is, in turn, output in the
form of a voltage from the sensor terminal A. That is, a
voltage corresponding to the varied capacitance is output
from the sensorterminal A connected to thefirst electrode
210. The output voltage is detected by the detector 190.
[0127] The output voltage of the frost detecting appa-
ratus 200 according to formation of frost on the evapo-
rator 140 will be described with reference to FIG. 13.
[0128] FIG. 13 is a graph depicting a voltage corre-
sponding to an amount of frost detected by the frost de-
tecting apparatus 200 in accordance with an exemplary
embodiment.

[0129] When the compressor 170 operates for a cool-
ing operation, heat exchange is carried out at the evap-
orator 140, so that frost is formed in the frost detection
region S1 between the first electrode 210 and the first
cooling fin 142a. As the amount of the frost formed in the
frost detection region S1 increases, the electric field be-
tween the first electrode 210 and the first cooling fin 142a
is varied. The electric field variation causes a variation
in capacitance. Thus, it may be seen that, as the amount
of frostformed in the frost detection region S1, the voltage
output from the sensor terminal A is lowered.

[0130] Referring to FIG. 13, it may be seen that the
outputvoltage generated in a state, in which the formation
of frost in the frost detection region S1 is saturated, is
lower than the output voltage generated in a state, in
which no frost is formed, by about 30mV.

[0131] Of course, the output voltage difference of
30mV may be varied in accordance with the distance
between the first cooling fin and the frost detecting ap-
paratus, the applied voltage, etc.

[0132] In this case, it may be possible to set the result
of the comparison between the output voltage from the
frost detecting apparatus 200 in a frost saturation state
and the output voltage from the frost detecting apparatus
200 in a frost non-formation state, namely, a voltage dif-
ference (about 30mV), to a reference voltage at a de-
frosting operation start point, namely, a first reference
voltage. In this case, a reference voltage at a defrosting
operation end point, namely, a second reference voltage,
may also be set to 0 because, in the defrosting operation
end point, the frost detecting apparatus 200 outputs a
voltage equal to the output voltage in the frost non-for-
mation state, in accordance with complete removal of
frost from the frost detection region S1.
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[0133] Meanwhile, the distance between the frost de-
tecting apparatus 200 and the first cooling fin 142a is
varied in accordance with the distance between the two
cooling fins 142a and 142b. In accordance with the dis-
tance between the frost detecting apparatus 200 and the
first cooling fin 142a, the capacitance of the frost detec-
tion region S1 between the frost detecting apparatus 200
and the first cooling fin 142a is varied, thereby causing
the output voltage from the frost detecting apparatus 200
to be varied. To this end, it may be necessary to take into
consideration the distance between the cooling fins 142a
and 142b upon setting the first and second reference
voltages.

[0134] FIG. 14Ais a perspective view of a frost detect-
ing apparatus 200 according to another exemplary em-
bodiment. FIG. 14B is a sectional view of the frost de-
tecting apparatus 200 shown in FIG. 14A.

[0135] The frost detecting apparatus 200 includes a
first electrode 210, a first insulator 220 arranged in con-
tact with the first electrode 210, a second electrode 230
arranged in contact with the first insulator 220, and a
shield 250 arranged around the first electrode 210 while
being spaced apart from the first electrode 210, to define
an insulation gap g for insulation from the first electrode
210. The shield 250 is arranged in contact with the first
insulator 220.

[0136] The frostdetecting apparatus 200 also includes
one or more holes h extending through the shield 250,
first insulator 220, and second electrode 230. A wire as
a conductor 260 may be inserted into each hole h, in
order to electrically connect the second electrode 230
and shield 250. Alternatively, the conductor 260 may be
formed by plating a conductive material in the hole h.
[0137] In the frost detecting apparatus 200, voltages
having the same phase and magnitude are supplied to
the first electrode 210 and second electrode 230 via the
sensor terminal A and shield terminal B, respectively. As
aresult, the same potential is established at both the first
electrode 210 and second electrode 230.

[0138] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, charges are
distributed to both the first electrode 210 and the cooling
fin. As a result, an electric field is generated in a region
between the first electrode 210 and the cooling fin.
[0139] In the frost detecting apparatus 200, the dielec-
tric field, electric field, and capacitance between the first
electrode 210 and the cooling fin are varied due to frost
formed between the first electrode 210 and the cooling
fin. The varied capacitance is output in the form of a volt-
age from the sensor terminal A. That is, a voltage corre-
sponding to the varied capacitance is output from the
sensor terminal A connected to the first electrode 210.
The output voltage is detected by the detector 190.
[0140] In the frost detecting apparatus 200, the same
potential is established at both the first electrode 210 and
the second electrode 230, and the same potential is es-
tablished at both the shield 250 electrically connected to
the second electrode 230 via the holes h and the first
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electrode 210. Accordingly, it may be possible to prevent
the electric field from leaking into the frost non-detection
region at the side surface edges of the first electrode 210.
Also, the conductors 260 are formed by inserting wires
into respective holes h, which extend through the shield
250, first insulator 220, and second electrode 230 while
being arranged around the first electrode 210 or plating
a conductive material in the holes h. By the conductors
260, the same potential is established at both the first
electrode 210 and the portion of the first insulator 220
arranged around the first electrode 210. Accordingly, it
may be possible to prevent the electric field from leaking
into the frost non-detection region through the first insu-
lator 220. Since the same potential is established at both
the first electrode 210 and the portion of the first insulator
220 arranged around the first electrode 210, there may
be no electric field variation corresponding to a variation
in the dielectric constant of the first insulator 220 possibly
caused by variation in ambient temperature of the frost
detecting apparatus 200. That is, the electric field is var-
ied only by frost formed in the frost detection region be-
tween the first electrode 210 and the cooling fin.

[0141] FIG. 14C is a sectional view of the frost detect-
ing apparatus 200 shown in FIGS. 14A and 14B. As
shown in FIG. 14C, the frost detecting apparatus 200
further includes a second insulator 240.

[0142] The first electrode 210 and second electrode
230 are made of a conductive material such as aluminum
or copper. Where the frost detecting apparatus 200 is
installed at the cooling fin 142, which is made of metal,
the second insulator 240 may be formed over the entire
outer surface of the frost detecting apparatus 200, in or-
der to prevent the second electrode 230 and cooling fin
142 from being electrically connected to each other, and
to prevent the first electrode 210 from being eroded by
moisture.

[0143] The second insulator 240 may be formed on
the second electrode 230, which comes into contact with
the cooling fin 142, in order to insulate the second elec-
trode 230 from the cooling fin 142. The second insulator
240 may also be formed on the first electrode 210, in
order to prevent the first electrode 210 from being eroded
by moisture.

[0144] FIG. 15 is a sectional view of a frost detecting
apparatus 200 according to another exemplary embod-
iment.

[0145] As shown in FIG. 15, the frost detecting appa-
ratus 200 includes a first electrode 210, a first insulator
220 arranged in contact with the first electrode 210, a
second electrode 230 arranged in contact with the first
insulator 220, a shield 250 arranged around the first elec-
trode 210 while being spaced apart from the first elec-
trode 210, to define an insulation gap g for insulation from
the first electrode 210, and a conductor 270 arranged in
contact with side surfaces of the second electrode 230,
first insulator 220, and shield 250. The conductor 270 is
a plating layer formed on the side surfaces of the second
electrode 230, first insulator 220, and shield 250. The
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conductor 270 functions to electrically connect the sec-
ond electrode 230 and shield 250.

[0146] In this frost detecting apparatus 200, voltages
having the same phase and magnitude are applied to the
first electrode 210 and second electrode 230 via a sensor
terminal A and a shield terminal B, respectively. As a
result, the same potential is established among the first
electrode 210, second electrode 230, shield 250, and
conductor 270.

[0147] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, an electric field
is generated in a region between the first electrode 210
and the cooling fin. This electric field is varied due to a
variation in dielectric constant caused by frost formed
between the first electrode 210 and the cooling fin. Due
to the varied dielectric constant and electric field, a var-
iation in capacitance occurs. The varied capacitance is
output in the form of a voltage from the sensor terminal
A. That is, a voltage corresponding to the varied capac-
itance is output from the sensor terminal A connected to
the first electrode 210. The output voltage is detected by
the detector 190.

[0148] In the frost detecting apparatus 200, the same
potential is established at the first electrode 210, second
electrode 230, shield 250, and conductor 270. Accord-
ingly, it may be possible to prevent the electric field from
leaking at the side surface edges of the first electrode
210 and the first insulator 220. Also, the potential in a
region around the first insulator 220 is equal to the po-
tential at the first electrode 210. Accordingly, there is no
electric field variation corresponding to the dielectric con-
stant variation of the first insulator 220, which may occur
due to variation in ambient temperature of the frost de-
tecting apparatus 220. Thus, the electric field variation
occurs only due to frost formed between the first elec-
trode 210 and the first cooling fin.

[0149] The first and second electrodes 210 and 230 of
the frost detecting apparatus 200 are made of a conduc-
tive material such as aluminum or copper. Accordingly,
a second insulator 240 may be formed on the first elec-
trode 210, second electrode 230, and conductor 270, in
order to prevent the second electrode 230 and cooling
fin 142 from being electrically connected, and to prevent
the first electrode 210, conductor 270, etc. from being
eroded by moisture. Alternatively, the second insulator
240 may be formed on the entire outer surface of the
frost detecting apparatus 200.

[0150] FIG. 16Ais a sectional view of a frost detecting
apparatus 200 according to another exemplary embod-
iment.

[0151] As shown in FIG. 16A, the frost detecting ap-
paratus 200 includes a first electrode 210, afirstinsulator
220 arranged in contact with the first electrode 210, and
a second electrode 230 arranged in contact with the first
insulator 220. The second electrode 230 extends around
an exposed portion 211 of the first insulator 220, to sur-
round the first insulator 220.

[0152] In this case, the second electrode 230 may ex-
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tend to a higher level than the exposed portion 211 of
the firstinsulator 220, or may extend to a lower level than
the exposed portion 211 of the first insulator 220.
[0153] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, an electric field
is generated in a region between the first electrode 210
and the cooling fin. This electric field is varied due to frost
formed between the first electrode 210 and the cooling
fin. Due to the varied electric field, a variation in capaci-
tance occurs. The varied capacitance is output in the
form of a voltage from the sensor terminal A. That is, a
voltage corresponding to the varied capacitance is output
from the sensor terminal A connected to thefirstelectrode
210. The output voltage is detected by the detector 190.
[0154] In the frost detecting apparatus 200, a voltage
equal to the voltage supplied to the first electrode 210 is
supplied to the second electrode 230, so that the potential
established at the second electrode 230 is equal to the
potential at the first electrode 210. As a result, it is pos-
sible to prevent the electric field from leaking through the
first insulator 220. Also, there is no variation in electric
field corresponding to a variation in the dielectric constant
of the first insulator 220, which may occur when the am-
bient temperature of the frost detecting apparatus 200
varies. That is, the electric field is varied only by frost
formed in the frost detection region between the first elec-
trode 210 and the cooling fin, irrespective of the dielectric
constant variation of the first insulator 220.

[0155] Thus, the second electrode 230 functions as a
shield to shield the electric field of the first electrode 210,
which may leak into the exposed portion 211 of the first
insulator 220.

[0156] FIG. 16B is a sectional view illustrating the frost
detecting apparatus 200 shown in FIG. 16A. Referring
to FIG. 16B, the frost detecting apparatus 200 further
includes a second insulator 240.

[0157] The first and second electrodes 210 and 230 of
the frost detecting apparatus 200 are made of a conduc-
tive material such as aluminum or copper. Where the
frost detecting apparatus 200 is installed at the cooling
fin, which is made of metal, the second insulator 240 may
be formed on the entire outer surface of the frost detecting
apparatus 200, in order to prevent the second electrode
230 and cooling fin from being electrically connected,
and to prevent the first electrode 210 from being eroded
by moisture.

[0158] The second insulator 240 may be formed on
the second electrode 230, which comes into contact with
the cooling fin 142, in order to insulate the second elec-
trode 230 from the cooling fin 142. The second insulator
240 may also be formed on the first electrode 210, in
order to prevent the first electrode 210 from being eroded
by moisture.

[0159] FIG. 17 is a sectional view of a frost detecting
apparatus 200 according to another exemplary embod-
iment.

[0160] As shown in FIG. 17, the frost detecting appa-
ratus 200 includes a first electrode 210, a first insulator
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220 arranged in contact with the first electrode 210, a
second electrode 230 arranged adjacent to the first in-
sulator 220, and a shield 250 arranged around the first
electrode 210 while being spaced apart from the first elec-
trode 210, to define an insulation gap g for insulation from
the first electrode 210.

[0161] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, an electric field
is generated in a region between the first electrode 210
and the cooling fin. This electric field is varied by frost
formed between the first electrode 210 and the cooling
fin. Due to the varied electric field, a variation in capaci-
tance occurs. The varied capacitance is output in the
form of a voltage from the sensor terminal A. That is, a
voltage corresponding to the varied capacitance is output
from the sensor terminal A connected to thefirst electrode
210. The output voltage is detected by the detector 190.
[0162] In the frost detecting apparatus 200, a voltage
equal to the voltage supplied to the first electrode 210 is
supplied to the second electrode 230 and shield 250 via
the shield terminal B, so that the potential established at
the second electrode 230 and shield 250 is equal to the
potential at the first electrode 210. As a result, it is pos-
sible to prevent the electric field from leaking into the frost
non-detection region through the side surface edges of
the first electrode 210.

[0163] Also, the firstinsulator 220 of the frost detecting
apparatus 200 has a thickness allowing the first insulator
220to preventleakage of the electric field and to minimize
a variation in dielectric constant in spite of temperature
variation. Accordingly, it may be possible to minimize the
amount of electric field leaking through the first insulator
220.

[0164] Thus, the electric field variation of the first elec-
trode 210 occurs only by frost formed in the frost detection
region between the first electrode 210 and the cooling fin.
[0165] FIG. 18is aperspective view of a frost detecting
apparatus 200 according to another exemplary embod-
iment. FIG. 19 is a perspective view illustrating an in-
stalled state of the frost detecting apparatus 200 shown
in FIG. 18.

[0166] The frost detecting apparatus 200 is installed
at an evaporator. The evaporator includes a refrigerant
tube 141, through which the refrigerant flows, and a plu-
rality of cooling fins 142 (142a and 142b) mounted to the
refrigerant tube 141. The frost detecting apparatus 200
is mounted to at least one of the plural cooling fins.
[0167] The frost detecting apparatus 200 has a U-
shaped structure having two bent portions, taking into
consideration the structure of the evaporator in which the
refrigeranttube 141 extends through the cooling fins 142.
As the frost detecting apparatus 200 has the U-shaped
structure, the area of a first electrode 210, which is in-
cludedinthe frostdetecting apparatus 200, is maximized.
Accordingly, the capacitance formed between the first
electrode 210 and the cooling fin is increased. Thus, it
may be possible to easily detect a voltage output through
the sensor terminal A in accordance with the amount of
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frost formed on the evaporator.

[0168] In detail, the frost detecting apparatus 200 in-
cludes a first electrode 210 arranged to correspond to
the second cooling fin 142b, afirstinsulator 220 arranged
in contact with the first electrode 210, a second electrode
230 arranged in contact with the first insulator 220 while
being in contact with side surfaces of the first insulator
220 and first electrode 210 to surround the first insulator
220 and first electrode 210, and a second insulator 240
arranged in contact with the first insulator 220 while ex-
tending around the second electrode 230 to surround the
second electrode 230. The second insulator 240 is ar-
ranged in contact with the second cooling fin 142b. An
insulating gap g is formed between the second electrode
230 and the first electrode 210, in order to prevent the
second electrode 230 from being electrically connected
with the first electrode 210.

[0169] As shown in FIG. 19, the frost detecting appa-
ratus 200 is installed such that the second insulator 240
is in contact with the second cooling fin 142b, and the
refrigerant tube 141 extends through an opening O (FIG.
18). In this case, the first electrode 210 is arranged to
face the first cooling fin 142a of the evaporator 210. Thus,
the frost detecting apparatus 200 detects formation of
frost between the first electrode 210 and the first cooling
fin 142a.

[0170] When a voltage is applied to the first electrode
210 in the frost detecting apparatus 200, charges are
distributed to both the first electrode 210 and the first
cooling fin 142a. As a result, an electric field is generated
in a region between the first electrode 210 and the first
cooling fin 142a.

[0171] The electricfield between the firstelectrode 210
and the first cooling fin 142a is varied due to frost formed
between the first electrode 210 and the first cooling fin
142a. The electric field variation causes a variation in
capacitance, which is, in turn, output in the formation of
a voltage from the sensor terminal A. That is, a voltage
corresponding to the varied capacitance is output from
the sensor terminal A connected to the first electrode
210. The output voltage is detected by the detector 190.
[0172] In the frost detecting apparatus 200, voltages
having the same phase and magnitude are supplied to
the first electrode 210 and second electrode 230 via the
sensor terminal A and shield terminal B, respectively. As
aresult, the same potential is established at both the first
electrode 210 and second electrode 230. Accordingly, it
may be possible to prevent an electric field from leaking
atthe side surface edges of the first electrode 210. It may
also be possible to prevent the electric field of the first
electrode 210 from leaking through the side surface edg-
es of the first insulator 220. Thus, it may be possible to
prevent electric field of the first electrode 210, which de-
fines the frost detection region, from being varied.
[0173] Also, there is no variation in electric field corre-
sponding to a variation in the dielectric constant of the
first insulator 220, which may occur when the ambient
temperature of the frost detecting apparatus 200 varies.
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That is, the electric field is varied only by frost formed in
the frost detection region S1 between the first electrode
210 and the first cooling fin 142a.

[0174] FIG. 20Ais a perspective view of a frost detect-
ing apparatus according to another exemplary embodi-
ment. FIG. 20B is a cross-sectional view taken along the
line X-Xin FIG. 20A, illustrating the frost detecting appa-
ratus shown in FIG. 20A.

[0175] The frost detection apparatus has a double
structure including two frost detecting units 200 and 200’
each having a U-shaped structure with two bent portions,
taking into consideration the structure of the evaporator
in which a refrigerant tube extends through a plurality of
cooling fins. In the double structure, second insulators
240 and 240’ of the frost detecting units 200 and 200’ are
in contact with each other. In this case, first electrodes
210 and 210’ of the frost detecting units 200 and 200’ are
connected to a sensor terminal A, whereas second elec-
trodes 230 and 230’ of the frost detecting units 200 and
200’ are connected to a shield terminal B.

[0176] In this frost detecting apparatus, the areas of
the first electrodes 210 and 210’ are maximized. Accord-
ingly, the capacitance formed between each of the first
electrodes 210 and 210’ and the cooling fin is increased.
Thus, it may be possible to easily detect a voltage output
through the sensor terminal A in accordance with the
amount of frost formed on the evaporator.

[0177] In more detail, the frost detecting apparatus in-
cludes the first electrode 210, a first insulator 220 ar-
ranged in contact with the first electrode 210, the second
electrode 230, which is arranged in contact with the first
insulator 220 while extending around the first insulator
220 and first electrode 210, to surround the first electrode
210, the second insulator 240, which is arranged in con-
tact with the second electrode 230 while extending
around the second electrode 230, to surround the second
electrode 230, the second insulator 240’ arranged in con-
tact with the second insulator 240, the second electrode
230’ surrounded by the second insulator 240, a first in-
sulator 220’ surrounded by the second electrode 230’,
and the first electrode 210’ arranged in contact with the
first insulator 220’ while being laterally adjacent to the
second electrode 230, to define an insulating gap g be-
tween the first electrode 210’ and the second electrode
230'.

[0178] FIG. 21 is a perspective view illustrating an in-
stalled state of the frost detecting apparatus shown in
FIGS. 20A and 20B.

[0179] The frost detecting apparatus is installed at an
evaporator. The evaporator includes a refrigerant tube
141, through which the refrigerant flows, and a plurality
of cooling fins 142 (142a, 142a’, and 142b) mounted to
the refrigerant tube 141. The frost detecting apparatus
is mounted to at least one of the plural cooling fins, for
example, the second cooling fin 142b. In this case, the
U-shaped frost detecting units 200 and 200’ are installed
on opposite surfaces of the second cooling fin 142b, re-
spectively.
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[0180] Alternatively, the frost detecting apparatus may
be installed between opposite ends of the cooling fin,
using a separate mounting device.

[0181] The frost detecting unit 200 is installed such
that the second insulator 240 is in contact with one sur-
face of the second cooling fin 142b, and the refrigerant
tube 141 of the evaporator 140 extends through an open-
ing formed at the frost detecting unit 200. In this case,
the first electrode 210 faces the first cooling fins 142a
and 142a’.

[0182] On the other hand, the frost detecting unit 200’
is installed such that the second insulator 240’ is in con-
tact with the other surface of the second cooling fin 142b,
and the refrigerant tube 141 of the evaporator 140 ex-
tends through an opening formed at the frost detecting
unit 200’. In this case, the first electrode 210’ faces the
first cooling fin 142a’ of the evaporator 140.

[0183] Accordingly, the frost detecting units 200 and
200’ detect formation of frost between the first electrode
210 and the first cooling fin 142a and formation of frost
between the first electrode 210’ and the first cooling fin
142a’, respectively.

[0184] When a voltage is applied to the first electrodes
210 and 210’ in the frost detecting units 200 and 200’,
charges are distributed to both the first electrode 210 and
the first cooling fin 142a while being distributed to both
the first electrode 210’ and the first cooling fin 142a’. As
aresult, an electric field is generated in a region between
the first electrode 210 and the first cooling fin 142a, and
an electric field is generated in a region between the first
electrode 210’ and the first cooling fin 142a’.

[0185] The electricfield between the firstelectrode 210
and the first cooling fin 142a is varied due to frost formed
between the first electrode 210 and the first cooling fin
142a. Also, the electric field between the first electrode
210’ and the first cooling fin 142a’ is varied due to frost
formed between the first electrode 210’ and the first cool-
ingfin142a’. The electricfield variation causes a variation
in capacitance, which is, in turn, output in the form of a
voltage from the sensor terminal A. That is, a voltage
corresponding to the varied capacitance is output from
the sensor terminal A connected to a corresponding one
of the first electrodes 210 and 210’. The output voltage
is detected by the detector 190.

[0186] The controller 180 sums voltages, namely, data
as to frost formed between the frost detecting unit 200
and the first cooling fin 142a and data as to frost formed
between the frost detecting unit 200" and the first cooling
fin 142a’, and controls a defrosting operation based on
the summed voltage. First and second reference voltag-
es used to control the defrosting operation are experi-
mentally acquired based on the summed voltage, and
stored in the memory so that they may be subsequently
used.

[0187] In the frost detecting unit 200, voltages having
the same phase and magnitude are supplied to the first
electrode 210 and second electrode 230 via the sensor
terminal A and shield terminal B, respectively. As aresult,
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the same potential is established at both the first elec-
trode 210 and second electrode 230. Also, in the frost
detecting unit 200’, voltages having the same phase and
magnitude are supplied to the first electrode 210’ and
second electrode 230’ via the sensor terminal A and
shield terminal B, respectively. As a result, the same po-
tential is established at both the first electrode 210’ and
second electrode 230'.

[0188] Accordingly, it may be possible to prevent an
electric field from leaking through the side surface edges
of the first electrodes 210 and 210’ and the first insulators
220 and 220'. Also, there is no variation in electric field
corresponding to a variation in the dielectric constant of
the first insulator 220 or 220’, which may occur when the
ambient temperature of the frost detecting unit 200 or
200’ varies. That is, the electric field is varied only by
frost formed in the frost detection region between the first
electrode 210 and the first cooling fin 142a or by frost
formed in the frost detection region between the first elec-
trode 210’ and the first cooling fin 142a’.

[0189] Accordingly, it may be possible to more accu-
rately detect whether or not frost has been formed on the
refrigerant tube and cooling fins of the evaporator and
the amount of the formed frost. As a result, it may be
possible to accurately determine a defrosting operation
start point and a defrosting operation end point.

[0190] Asthe amount of frost formed on the evaporator
and the defrosting operation completion time may be ac-
curately determined, it may be possible to drive or stop
the heater used for the defrosting operation at an appro-
priate point of time. Accordingly, the defrosting operation
may be optimized, so that the heat exchange perform-
ance of the evaporator may be enhanced. Also, energy
consumption caused by the defrosting operation may be
reduced, so that an enhancement in energy efficiency
may be achieved.

[0191] Although afew embodiments have been shown
and described, it would be appreciated by those skilled
in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of
the invention, the scope of which is defined in the claims
and their equivalents.

Claims
1. Afrost detecting apparatus comprising:

a first electrode to generate an electric field in a
frost detection region;

a second electrode to prevent the electric field
from leaking into a frost non-detection region;
aninsulator arranged between the first electrode
and the second electrode, to insulate the first
electrode; and

a shield arranged around an exposed portion of
the insulator, to prevent the electric field from
leaking into the frost non-detection region
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10.

11.

12.

13.

30
through the exposed portion of the insulator.

The frost detecting apparatus according to claim 1,
wherein the shield is electrically connected to the
second electrode.

The frost detecting apparatus according to claim 2,
wherein the shield surrounds side surfaces of the
insulator.

The frost detecting apparatus according to claim 3,
wherein the shield extends around side surfaces of
the first electrode.

The frost detecting apparatus according to claim 4,
wherein the shield extends to a level equal to a level
of upper ends of side surfaces of the first electrode.

The frost detecting apparatus according to claim 2,
wherein the shield is spaced apart from the first elec-
trode such that an insulating gap is defined between
the shield and the first electrode, to insulate the first
electrode.

The frost detecting apparatus according to claim 2,
wherein the shield is formed integrally with the sec-
ond electrode.

The frost detecting apparatus according to claim 7,
wherein the second electrode is bent toward the in-
sulator such that at least one outer portion of the
second electrode surrounds the insulator.

The frost detecting apparatus according to claim 1,
wherein the same potential is established at the first
and second electrodes.

The frost detecting apparatus according to claim 9,
wherein the same potential is established at the
shield and the first electrode.

The frost detecting apparatus according to claim 1,
further comprising:

a second insulator formed on an outer surface
of the second electrode.

The frost detecting apparatus according to claim 11,
wherein an object, for which detection of frost forma-
tion will be performed, is in contact with an outer
surface of the second insulator.

The frost detecting apparatus according to claim 1,
wherein the shield prevents the electric field gener-
ated in the frost detection region from varying in spite
of a variation in dielectric constant caused by a var-
iation in ambient temperature around the insulator.
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The frost detecting apparatus according to claim 1,
further comprising: a conductor to electrically con-
nect the shield and the second electrode.

The frost detecting apparatus according to claim 1,
wherein the shield comprises at least one hole ex-
tending through the insulator, and a conductor
formed in the hole and electrically connected to the
second electrode.
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FIG. 18
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FIG. 20B
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