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a heating element within a single-layer glass tube (12);
a roof section (22) which is arranged above the glass
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DEFROSTING DEVICE AND REFRIGERATOR COMPRISING SAME

glass tube (12), with the roof section (22) being made of
a metal sheet and having an upwards protruding shape;
a tray (30) which is arranged below the glass tube (12)
and provided with an opening (32) in the bottom (30A)
thereof; and a drain pipe (40) which extends downwards
from the opening (32).
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a defrosting de-
vice for defrosting an evaporator of a refrigerator and a
refrigerator including the same.

BACKGROUND

[0002] In order to defrost an evaporator, a defrosting
device is widely used, and the defrosting device includes
a glass tube heater below the evaporator. In such a re-
frigerator, a temperature of an outer surface of the glass
tube heater is required to be sufficiently lower than a flam-
mable temperature of a solvent flowing in the evaporator.
However, when input power of the glass tube heater is
reduced to lower the temperature of the outer surface of
the glass tube heater, an insufficient defrosting perform-
ance may be obtained. In particular, even when frost in
the evaporator above the glass tube heater is melted by
heat transferred by natural convection due to the glass
tube heater, water falling from the evaporator after the
melting process may be refrozen in a tray disposed below
the glass tube heater.

[0003] In order to solve the problem, there is proposed
a defrosting device with a defrosting heater in which a
heating element is provided in a double-layer glass tube
(for example, see patent document 1). In the defrosting
device described in patent document 1, by using the dou-
ble-layer glass tube, sufficient heat may be applied to
melt the frost refrozen in the tray even when the outer
surface of the glass tube heater has a low temperature.
[0004] Patent document 1: Publication
No.JP2004198097.

[Problem to be solved by invention]

[0005] However, the glass tube heater including the
double-layer glass tube has a high manufacturing cost,
and the defrosting device including the glass tube heater
or the refrigerator including the defrosting device has an
increased manufacturing cost.

SUMMARY

[0006] An object ofthe presentinvention is to solve the
above problems and to provide a defrosting device which
may be manufactured at a low cost and has a sufficient
defrosting function, and a refrigerator including the same.

[Means for solving problem]

[0007] A defrosting device according to the present in-
vention includes: a defrosting heater having a heating
element in a single-layer glass tube with a circular cross
section perpendicular to a length direction; a roof portion
disposed above the glass tube and extending in the
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length direction of the glass tube, the roof portion being
made of a metal sheet and having an upwards protruding
shape; a tray disposed below the glass tube, extending
in the length direction of the glass tube, and having an
opening formed in a bottom thereof; and a drainage pipe
extending downwards from the opening, wherein in a
cross section perpendicular to the length direction of the
glass tube, a top of the roof portion is located on a vertical
line passing through a general center of the glass tube,
and the roof portion is symmetrical with respect to the
vertical line within at least a predetermined range on both
sides of the vertical line, and in a cross section along the
length direction of the glass tube including the vertical
line, end regions on both sides of the roof portion in the
length direction are inclined downwards to downwards
reflect radiant heat from a lower side, and the opening is
located directly below the glass tube.

[0008] According to the present invention, the single-
layer glass tube is used to reduce the manufacturing cost
of the device. Even when input power of the defrosting
heater is suppressed to reduce a temperature of an outer
surface of the glass tube, the radiant heat from the de-
frosting heater may be reflected towards the tray 30 side
by the roof portion, so as to melt frost in the tray. In par-
ticular, in the cross section perpendicular to the length
direction of the glass tube, the upwards protruding shape
of the roof portion is symmetrical with respect to the ver-
tical line within at least the predetermined range on both
sides of the vertical line passing through the general cent-
er of the glass tube, and further, in the cross section along
the length direction of the glass tube including the above-
mentioned vertical line, the upwards protruding shape of
the roof portion is formed obliquely in the end regions on
both sides, so as to downwards reflect the radiant heat
from the lower side. That is, four corners of the roof por-
tion are formed into a shape for improving reflection.
Thus, the radiant heat with a small offset or deflection
may be incident into a main part of the tray except a part
directly below the glass tube.

[0009] Furthermore, the opening of the tray is located
directly below the glass tube, and therefore, the radiant
heat from the defrosting device is directly incident to the
opening and a periphery thereof. Thus, the frost refrozen
in the tray may be melted and reliably discharged through
the opening and the drainage pipe.

[0010] As mentioned above, a defrosting device which
is manufactured at a low cost and has a sufficient de-
frosting performance may be provided.

[0011] Inaddition, the presentinvention provides a de-
frosting device in which a lower end portion of the roof
portion is disposed at a same position as or above an
upper end of the glass tube in a height direction, and in
the height direction, the top of the roof portion is disposed
at a position higher than a position of the upper end of
the glass tube by a length which is 1.5 times an outer
diameter of the glass tube or less.

[0012] According to the present invention, since the
lower end portion of the roof portion is disposed at the
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same position as or above the upper end of the glass
tube, frostadhering to an evaporator above the defrosting
device may be reliably melted by the heat transferred by
natural convection. Furthermore, since in the height di-
rection, the top of the roof portion is disposed at the po-
sition higher than the position of the upper end of the
glass tube by the length which is 1.5 times the outer di-
ameter of the glass tube or less, the glass tube may be
disposed near the evaporator, thus improving an effect
of melting the frost adhering to the evaporator. Mean-
while, since the top of the roof portion is not too far away
from the tray, the radiant heat from the defrosting heater
may be strongly reflected towards the tray side by the
roof portion, so as to improve the effect of melting the
frost in the tray.

[0013] With the arrangement of the roof portion as
mentioned above, the frost on the evaporator and the
tray may be effectively melted to achieve a high defrost-
ing performance.

[0014] Inaddition, the presentinvention provides a de-
frosting device in which a width at a lower end of the roof
portion is 2 to 3 times the outer diameter of the glass tube
in the cross section perpendicular to the length direction
of the glass tube.

[0015] The width at the lower end of the roof portion is
setto be 2 to 3 times the outer diameter of the glass tube,
thus well balancing and effectively melting the frost of
the evaporator and the tray.

[0016] Furthermore, the present invention provides a
defrosting device further including a defrosting compo-
nent made of a bent metal rod, the defrosting component
having: a hook portion formed at one end portion of the
metal rod and inserted into a hole portion provided at the
roof portion in a free rotation state; a heat receiving por-
tion connected with the hook portion and extending ob-
liquely downwards while connected with the roof portion;
a bypassing portion connected with the heat receiving
portion and bent to bypass the glass tube; and a heat
dissipation portion connected with the bypassing portion
and extending downwards into the tray and the drainage
pipe.

[0017] According to the present invention, in the de-
frosting component mounted to the roof portion by the
hook portion in the free rotation state, the heat receiving
portion comes into contact with the roof portion by gravity,
and may receive the heat from the defrosting heater
through a metal roof. Furthermore, the heat dissipation
portion may be disposed inside the tray and the drainage
pipe by gravity in a case where the bypassing portion
does not interfere in the glass tube. The heat received
by the roof portion is conducted through the bypassing
portion to the heat dissipation portion extending down-
wards, and the heat may be supplied from the heat dis-
sipation portion to the frost or water in the tray or the
drainage pipe.

[0018] As mentioned above, by using the defrosting
component, manufacture may be realized at a low man-
ufacturing cost, and the heat from the defrosting heater
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may be effectively supplied to the frost or water in the
tray or the drainage pipe.

[0019] In addition, a refrigerator according to the
present invention is characterized by including the
above-mentioned defrosting device.

[0020] The refrigerator according to the present inven-
tion may also achieve any of the above-mentioned ef-
fects.

[Effects of invention]

[0021] As mentioned above, in the present invention,
a defrosting device which may be manufactured at a low
cost and has a sufficient defrosting performance and a
refrigerator including the same may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 schematically shows a side sectional view of
a refrigerator having a defrosting device according
to an embodiment of the present invention.

FIG. 2 is a schematic perspective diagram schemat-
ically showing a defrosting device according to a first
embodiment of the present invention.

FIG. 3 is a view showing a cross section perpendic-
ular to a length direction of a glass tube as viewed
from the X-axis direction in FIG. 2, and is a side sec-
tional view schematically showing the defrosting de-
vice according to the first embodiment of the present
invention.

FIG. 4 is a view showing a cross section along the
length direction of the glass tube, the view including
a vertical line passing through a general center of a
circular shape of the glass tube, and is a side sec-
tional view schematically showing the defrosting de-
vice according to the first embodiment of the present
invention.

FIG. 5 is a view showing the cross section perpen-
dicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a
side sectional view for illustrating an arrangement of
a roof portion according to an embodiment of the
present invention.

FIG. 6 is a view showing the cross section perpen-
dicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a
side sectional view schematically showing a defrost-
ing device according to a second embodiment of the
present invention.

FIG. 7 is a view showing the cross section perpen-
dicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a
side sectional view schematically showing a defrost-
ing device according to a third embodiment of the
present invention.

FIG. 8 is a view showing the cross section perpen-
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dicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a
side sectional view schematically showing a defrost-
ing device according to a fourth embodiment of the
present invention.

FIG. 9 is a perspective view for illustrating a defrost-
ing component according to an embodiment of the
present invention.

REFERENCE NUMERALS

[0023] 2-defrosting device, 10-defrosting heater, 12-
glass tube, 14-cover, 20-heater cover, 22-roof portion,
22A-first region, 22B-second region, 22C-third region,
22D-fourth region, 24-bracket, 26-hole portion, 30-tray,
30A-bottom, 30B-side wall, 32-opening, 40-drainage
pipe, 50-defrosting component, 52-hook portion, 54-heat
receiving portion, 56-bypassing portion, 58-heat dissipa-
tion portion, 100-refrigerator, 102A-freezing chamber,
102B-refrigerating chamber, 104A, 104B-inflow pas-
sage, 106-partition, 106 A-blow-out port, 110-evaporator,
120-compressor, 130-fan, 140-damper, 150-drainage
pipe, 160-evaporating pan, G-general center, VL-vertical
line, and S-specified range.

DETAILED DESCRIPTION

[0024] Embodiments for implementing the present in-
vention will be described below with reference to accom-
panying drawings. A defrosting device described below
is used for embodying the technical idea of the present
invention, and the present invention is not limited to the
following unless otherwise specified.

[0025] In the drawings, members having the same
function may be denoted by the same reference numer-
als. For convenience of explanation or understanding of
key points, there are cases where the description is di-
vided into embodiments for convenience, but parts of
structures shown in different embodiments may be re-
placed or combined. In the embodiment described below,
descriptions about matters common to the above are
omitted, and only different points will be described. In
particular, the same effects caused by the same structure
will notbe mentioned in turn in each embodiment. In order
to clarify the description, the sizes, positional relation-
ships, or the like, of members shown in each drawing
may be shown in an expanded manner. In the following
description and drawings, an X-axis, a Y-axis, and a Z-
axis are shown assuming that a refrigerator is disposed
on a floor. The Z-axis is used to indicate a vertical direc-
tion, and the X-axis is used to indicate a length direction
of a glass tube 12 included in a defrosting heater 10 de-
scribed below.

(Refrigerator including defrosting device according to
present invention)

[0026] FIG. 1 is a side sectional view schematically
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showing an example of a refrigerator 100 including a de-
frosting device 2 according to an embodiment of the
present invention. The refrigerator 100 shown in FIG. 1
includes a freezing chamber 102A and a refrigerating
chamber 102B. Inflow passages 104A, 104B spaced
apart by a partition 106 are provided on rear sides of the
freezing chamber 102A and the refrigerating chamber
102B. An evaporator 110 is disposed in the inflow pas-
sage 104A on the freezing chamber 102A side, and a
fan 130 is disposed above the evaporator 110. The de-
frosting device 2 according to each embodiment de-
scribed below is disposed below the evaporator 110.
[0027] A compressor 120 in communication with the
evaporator 110 is disposed in a machinery chamber out-
side the rear side of the freezing chamber 102A. The
following cycle is repeated: a refrigerant (gas) com-
pressed by the compressor 120 is liquefied by a con-
denser, the liquefied refrigerant absorbs heat of the gas
in a tank in the evaporator 110 and is vaporized, and the
vaporized refrigerant is compressed again by the com-
pressor 120. A damper 140 is disposed between the in-
flow passage 104A on the freezing chamber 102A side
and the inflow passage 104B on the refrigerating cham-
ber 102B side. In FIG. 1, the damper 140 is shown in a
closed state.

[0028] As shown by the dotted arrow in FIG. 1, when
the compressor 120 and the fan 130 are actuated in the
state where the damper is closed, the gas in the freezing
chamber 102A flows, and the cold gas passing through
the evaporator 110 flows into the freezing chamber 102A
from a blow-out port 106A provided in the partition 106.
The inflow gas circulates in the freezing chamber 102A
and returns to a lower side of the evaporator 110 in the
infow passage 104A again. An interior of the freezing
chamber 102A is cooled by the circulation of the gas
cooled by the evaporator 110. In a state where the damp-
er 140 is opened, cool air also circulates on the refriger-
ating chamber 102B side.

[0029] Moisture contained in the cooled air is con-
densed into frost and adheres to a surface of a heat ex-
change tube of the evaporator 110. A cooling perform-
ance is degraded when a large amount of frost adheres
to the heat exchange tube, and therefore, the evaporator
110 is required to be defrosted periodically. Therefore,
the defrosting device 2 is disposed below the evaporator
110. The defrosting device 2 includes a defrosting heater
10, and when the compressor 120 and the fan 130 do
notwork, the defrosting heater 10 is turned on, thus heat-
ing and defrosting the heat exchange tube. Water falling
after the frost on the evaporator 110 is melted is dis-
charged from a drainage pipe 40 of the defrosting device
2, flows in a drainage pipe 150 of the refrigerator 100,
and is discharged to a steam tray 160 disposed in the
machinery chamber.

(Defrosting device according to first embodiment)

[0030] FIG.2isaschematicperspective diagramsche-
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matically showing a defrosting device 2 according to a
firstembodiment of the presentinvention. FIG. 3is a view
showing a cross section perpendicular to the length di-
rection of the glass tube 12 as viewed from the X-axis
direction in FIG. 2, and is a side sectional view schemat-
ically showing the defrosting device 2 according to the
firstembodiment of the presentinvention. FIG. 4 is a view
showing a cross section along the length direction of the
glass tubeincluding a vertical line passing through a gen-
eral center of a circular shape of the glass tube, and is a
side sectional view schematically showing the defrosting
device according to the first embodiment of the present
invention. In FIG. 4, a description of a tray is omitted.
Next, the defrosting device 2 according to the first em-
bodiment of the present invention will be described with
reference to FIGS. 2 to 4.

[0031] Thedefrosting device 2 according tothe present
embodiment includes a defrosting heater 10 having a
heating element in a single-layer quartz glass tube 12.
Furthermore, the defrosting device 2 includes a heater
cover 20, and the heater cover 20 includes a roof portion
22 which is disposed above the glass tube 12, extends
in the length direction of the glass tube 12, is made of a
metal sheet and protrudes upwards. Furthermore, the
defrosting device 2 includes a tray 30 disposed below
the glass tube 12 and extending along the length direction
of the glass tube 12, and a drainage pipe 40 extending
downwards from an opening 32 provided in a bottom of
the tray 30. FIG. 3 schematically shows the drainage pipe
40 shown in FIG. 2.

[0032] Further, the defrosting device 2 according to the
present embodiment includes a defrosting component
50 formed by bending a metal rod. The defrosting com-
ponent 50 includes: a hook portion 52 formed at one end
portion of the metal rod and inserted into a hole portion
26 provided in the metal sheet forming the roof portion
22 in a free rotation state, a heat receiving portion 54
connected with the hook portion 52 and extending ob-
liquely downwards while connected with the metal sheet
forming the roof portion 22, a bypassing portion 56 con-
nected with the heat receiving portion 54 and bent to
bypass the glass tube 12, and a heat dissipation portion
58 connected with the bypassing portion 56 and extend-
ing downwards into the tray 30 and the drainage pipe 40.

<Defrosting heater>

[0033] The glass tube 12 included in the defrosting
heater 10 in the present embodiment has an elongated
cylindrical shape. The heating element made of a metal
wire, such as a nichrome wire, is disposed inside the
glass tube 12. A coil-shaped heater made of a metal wire
wound into a coil shape is disposed in a central heating
region of the glass tube 12, and the metal wire extends
outwards from both ends thereof. Both end portions of
the glass tube 12 are covered with covers 14 made of a
material having an excellent heat resistance and excel-
lent electrical insulation, such as silicone rubber, or the
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like. Portions of the metal wire extending from both sides
of the coil-shaped heater extend outside the glass tube
12 through the covers 14, and are electrically connected
with external cables.

[0034] In order to comply with IEC regulations, input
power is controlled, such that an outer surface of the
heated glass tube 12 has a temperature of 360°C or low-
er. The evaporator 100 may be sufficiently defrosted
practically even when such control is performed on the
input power, which will be described in detail below.

<Heater cover>

[0035] The heater cover 20 includes the roof portion
22 extending in the length direction of the glass tube 12,
made of the metal sheet and protruding upwards, and
brackets 24 provided on both sides of the roof portion 22
in the length direction. The covers 14 at both ends of the
glass tube 12 are inserted into substantially C-shaped
openings provided in the brackets 24, and the heater
cover 20 is connected to the defrosting heater 10.
[0036] Inthe present embodiment, an aluminum sheet
having a high reflectance and a high thermal conductivity
is used as the metal sheet forming the roof portion 22.
However, the presentinvention is not limited thereto, and
other arbitrary metal sheets, such as a copper sheet, may
be used. The upwards protruding shape may also be
formed by bending an aluminum sheet, or by joining 2
aluminum sheets.

[0037] Inthe cross section perpendicular to the length
direction of the glass tube 12 as viewed from the X-axis
direction, the metal sheet of the roof portion 22 is formed
in the upwards protruding shape, and the upwards pro-
truding shape is symmetrical with respect to the vertical
line VL within at least a predetermined range S on both
sides of the vertical line VL passing through the general
center G of the circular shape of the glass tube 12. Here,
the predetermined range S on both sides of the vertical
line VL refers to a range with a left side and a right side
at a distance S from the vertical line VL in the Y-axis
direction perpendicular to the vertical line VL in 2 regions
divided by the vertical line VL in the Z-axis direction. The
upwards protruding shape of the roof portion 22 has 2
flat plates: a first region 22A and a second region 22B.
As described below, planes or smoothly curved surfaces
may be used as reflection surfaces of the first region 22A
and the second region 22B.

[0038] Further, as showninFIG. 4, in the cross section
along the length direction of the glass tube 12, the roof
portion 22 has a third region 22C and a fourth region 22D
inclined downwards in end regions on both sides in the
length direction, so as to downwards reflect radiant heat
from a lower side. That is, as shown in FIG. 2, the roof
portion 22 has a structure like a hipped roof formed by 4
sheet-like members: the first to fourth regions 22A t0 22D,
and all side surfaces have shapes for improving reflec-
tion. Planes or smoothly curved surfaces may also be
used as reflection surfaces of the third region 22C and
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the fourth region 22D.

[0039] With the above structure, the radiant heat from
the defrosting heater 10 may be reflected downwards
and incident on a main part of the tray 30 below the de-
frosting heater, thus melting frost refrozen in the tray 30.

<Tray and drainage pipe>

[0040] The tray 30 extends along the length direction
of the glass tube 12, has the bottom 30A and a side wall
30B surrounding the bottom 30A, and opens upwards.
The opening 32 is provided in a substantially central po-
sition in a length direction of the bottom 30A of the tray
30. The bottom 30A of the tray 30 is inclined to minimize
a height of the opening 32. Thus, the water falling from
the evaporator 110 above the defrosting device flows in
the bottom 30A of the tray 30 into the opening 32. The
drainage pipe 40 is mounted to the opening 32 provided
in the bottom 30A of the tray 30, and extends downwards
from the opening 32.

[0041] In the cross section perpendicular to the length
direction of the glass tube 12 as viewed from the X-axis
direction, the opening 32 of the tray 30 is located directly
below the glass tube 12. With such an arrangement, the
opening 32 and a region around the opening may directly
receive the radiant heat from the defrosting heater 10,
so as to melt the frost refrozen in the tray 30.

[0042] The tray 30 is preferably made of a metal ma-
terial with a high thermal conductivity, such as aluminum.
In consideration of ease of mounting the defrosting de-
vice 2 to the refrigerator 100, or the like, the drainage
pipe 40 is preferably made of a resin materialwith an elas-
ticity, or the like.

(Arrangement of roof portion)

[0043] FIG. 5is a view showing the cross section per-
pendicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a side
sectional view for illustrating an arrangement of a roof
portion 22 according to an embodiment of the present
invention. In FIG. 5 and FIGS. 6 to 8 described below,
the dotted arrow indicates the radiant heat emitted from
the defrosting heater 10, and the dash-and-dot arrow in-
dicates an upward flow of ambient gas heated by the
defrosting heater 10 due to natural convection. Although
FIG. 5 illustrates the defrosting device according to the
first embodiment shown in FIG. 3, functions of the roof
portion 22 are basically same in defrosting devices ac-
cording to the second to fourth embodiments described
with reference to FIGS. 6 to 8.

[0044] In the cross section perpendicular to the length
direction of the glass tube 12 as viewed from the X-axis
direction, the upwards protruding shape of the roof por-
tion 22 is symmetrical with respect to the vertical line VL
within the predetermined range S on both sides of the
vertical line VL passing through the general center G of
the circular shape of the glass tube 12. In the first em-
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bodiment, the predetermined range S is uniform in an
entire region of the roof portion 22, and the whole region
is symmetrical with respect to the vertical line VL. How-
ever, the presentinvention is not limited thereto, and oth-
er cases will be described in detail below.

[0045] The predetermined range S is preferably deter-
mined in accordance with a width of the tray 30 perpen-
dicular to the length direction as viewed from the X-axis
direction. In a case where both end portions of the tray
30 in the width direction are located at a same distance
from the vertical line VL, preferably, the upwards protrud-
ing shape of the roof portion 22 is symmetrical with re-
spect to the vertical line VL up to a range where reflected
light reaches both end portions of the tray 30. In a case
where both end portions of the tray 30 in the width direc-
tion are located at different distances from the vertical
line VL, preferably, the upwards protruding shape of the
roof portion 22 is symmetrical with respect to the vertical
line VL up to a range where the reflected light reaches
at least the end portion close to the vertical line VL side.
Thus, the radiant heat with a small offset or deviation
may be incident into the main part of the tray 30, so as
to efficiently melting the frost in the tray 30.

[0046] Inthe cross section perpendicular to the length
direction of the glass tube 12 as viewed from the X-axis
direction, the first region 22A and the second region 22B
are shown as two side surfaces connected at a top P
located on the vertical line VL. Moreover, an angle 6
formed by the first region 22A and the vertical line VL
substantially coincides with an angle 6 formed by the sec-
ond region 22B and the vertical line VL. Further, in an
example shown in FIG. 5, the first region 22A and the
second region 22B also have uniform lengths.

[0047] This case may also be considered as follows:
in the cross section perpendicular to the length direction
of the glass tube 12 as viewed from the X-axis direction,
the first region 22A and the second region 22B form 2
equal sides of an isosceles triangle with a vertex P locat-
ed on the vertical line VL as a vertex.

[0048] As shown by the double-dot dash line in FIG.
5, the first region 22A and the second region 22B extend
obliquely downwards to intersect with a horizontal line of
a bottom surface of the tray 30, thus forming an upper
half of a parallelogram. Moreover, a center of the opening
32 of the tray 30 substantially coincides with the position
of the vertical line VL. That is, the opening 32 of the tray
30 is located at a center of a parallelogram having the
roof portion 22 of the upwards protruding shape and ex-
tended lines thereof as two sides.

[0049] With such an arrangement, the radiant heat
emitted upwards from the defrosting heater 10 may be
reflected downwards by the roof portion 22, and the ra-
diant heat with the small offset or deflection may be in-
cident on the main part of the tray 30 except a partdirectly
below the glass tube 12. A region where the reflected
light from the roof portion 22 does notreach exists directly
below the glass tube 12, but the radiant heat emitted
downwards from the defrosting heater 10 is directly inci-
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dent on such a region, thus efficiently melting the frost
refrozen in the main part of the tray 30. The melting water
flows into the drainage pipe 40 through a switch 32, flows
in the drainage pipe 150 of the refrigerator 100, and is
discharged to an evaporation pan 160 disposed in the
machinery chamber.

[0050] In the example shown in FIG. 5, a position H1
of a lower end portion of the roof portion 22 is disposed
above a position HO of an upper end of the glass tube 12
in a height direction (the Z-axis direction). However, the
present invention is not limited thereto, and the position
H1 of the lower end portion of the roof portion 22 may be
same as the position HO of the upper end of the glass
tube 12. That is, the position H1 of the lower end portion
of the roof portion 22 is the same as or above the position
HO of the upper end of the glass tube 12 in the height
direction (the Z-axis direction).

[0051] With such a setting, the gas around the glass
tube 12 heated by the defrosting heater 10 may efficiently
flow upwards by natural convection. Thus, the heat may
be provided for the evaporator 110 by natural convection
heat transfer, thereby reliably melting the frost adhering
to the evaporator 110.

[0052] Furthermore, in the height direction (the Z-axis
direction), the top P of the roof portion 22 is disposed at
a position H2 higher than the position HO of the upper
end of the glass tube 12 by a length which is 1.5 times
an outer diameter of the glass tube 12 or less. With such
a setting, the defrosting heater 10 may be relatively close
to the evaporator 110, thus improving the effect of melting
the frost adhering to the evaporator 110. Meanwhile,
since the top P of the roof portion 22 is not too far away
fromthe tray 30, the radiant heat from the defrosting heat-
er 10 may be strongly reflected towards the tray 30 by
the roof portion 22, so as to improve the effect of melting
the frost in the tray 30. With the arrangement of the roof
portion 22 as mentioned above, the frost on the evapo-
rator 110 and the tray 30 may be effectively melted to
achieve a high defrosting performance.

[0053] Furthermore, in the present embodiment, a
width W at a lower end of the roof portion 22 is 2 to 3
times the outer diameter D of the glass tube in the cross
section perpendicular to the length direction of the glass
tube 12 as viewed from the X-axis direction. Furthermore,
when an end portion of the lower end of the roof portion
22 in the width direction has a distance M from the shape
of the glass tube 12, 0.5D<M<D.

[0054] When the width W at the lower end of the roof
portion 22 is not much greater than the outer diameter
ofthe glass tube 12, the heat generated by the defrosting
heater 10 is unable to be sufficiently reflected down-
wards. On the other hand, when the width W at the lower
end of the roof portion 22 is considerably greater than
the outer diameter of the glass tube 12, the heat is difficult
to be supplied to the evaporator 110 side above the de-
frosting device by natural convection. Therefore, the
width W at the lower end of the roof portion 22 is set to
be 2 to 3 times the outer diameter of the glass tube 12,
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thereby well balancing and effectively melting the frost
ofthe evaporator 110 and the tray 30. A same relationship
is also shown in a cross section perpendicular to the
length direction of the glass tube 12 as viewed from a
direction opposite to the X-axis direction.

(Defrosting device according to second embodiment)

[0055] FIG. 6 is a view showing the cross section per-
pendicular to the length direction of the glass tube as
viewed from the X-axis direction in FIG. 2, and is a side
sectional view schematically showing a defrosting device
according to a second embodiment of the present inven-
tion. In the defrosting device 2 according to the second
embodiment, the roof portion 22 also has an upwards
protruding shape formed by connecting a firstregion 22A
and a second region 22B which have flat plate shapes.
However, in the cross section perpendicular to the length
direction of the glass tube 12 as viewed from the X-axis
direction, the second region 22B has a same length as
the second region in the first embodiment, but the first
region 22A is longer than the first region in the first em-
bodiment.

[0056] As shown in FIG. 6, in the cross section per-
pendicular to the length direction of the glass tube 12 as
viewed from the X-axis direction, the upwards protruding
shape of the roof portion 22 is symmetrical with respect
to the vertical line VL within the predetermined range S
on both sides of the vertical line passing through the gen-
eral center G of the circular shape of the glass tube 12,
but not symmetrical with respect to the vertical line VL in
the whole region. In one firstregion 22A of the roof portion
22, a width is extended by an amount T.

[0057] Intheabove-mentioned firstembodiment,inthe
cross section perpendicular to the length direction of the
glass tube 12 as viewed from the X-axis direction, the
end portions in the width direction of the tray 30 on the
lower side have substantially the same distance from the
vertical line VL in the Y-axis direction perpendicular to
the vertical line VL, but the two end portions of the tray
30 in the width direction have different distances from
the vertical line VL in the second embodiment. The up-
wards protruding shape of the roof portion 22 is symmet-
rical with respect to the vertical line VL in a range where
the reflected light is incident on the end portion of the tray
30 in the width direction close to the vertical line VL side
(the right end portion in the drawing). Then, by adjusting
a length of the roof portion 22, the reflected light is also
incident on the other end portion (the left end portion in
the drawing). A same relationship with the left and right
reversed is shown in the cross section perpendicular to
the length direction of the glass tube 12 as viewed from
the direction opposite to the X-axis direction.

(Defrosting device according to third embodiment)

[0058] FIG. 7 is a view showing the cross section per-
pendicular to the length direction of the glass tube 12 as
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viewed from the X-axis direction in FIG. 2, and is a side
sectional view schematically showing a defrosting device
2 according to a third embodiment of the present inven-
tion.

[0059] In the defrosting devices according to the first
and second embodiments described above, the roof por-
tion 22 is formed by the first region 22A and the second
region 22B which have flat plate shapes, but in the third
embodiment, the roof portion 22 is formed by a smooth
curved surface.

[0060] In this case, by appropriately determining cur-
vature of the curved surface of the roof portion 22, as
shown in FIG. 7, the radiant heat emitted upwards from
the defrosting heater 10 may be reflected downwards by
the roof portion 22, so as to be incident on the main part
of the tray 30 except the region shielded by the glass
tube 12. In the third embodiment, similarly to the first
embodiment, the whole region of the roof portion 22 is
symmetrical with respect to the vertical line VL passing
through the general center G of the circular shape of the
glass tube 12. A same relationship is also shown in the
cross section perpendicular to the length direction of the
glass tube 12 as viewed from the direction opposite to
the X-axis direction.

(Defrosting device according to fourth embodiment)

[0061] FIG. 8 is a sectional view perpendicular to the
length direction of the glass tube 12 as viewed from the
X-axis direction in FIG. 2, and is a side sectional view
schematically showing a defrosting device 2 according
to a fourth embodiment of the present invention.

[0062] In the fourth embodiment, the roof portion 22 is
also formed by a smooth curved surface. In the cross
section perpendicular to the length direction of the glass
tube 12 as viewed from the X-axis direction, the upwards
protruding shape of the roof portion 22 is symmetrical
with respect to the vertical line VL within the predeter-
mined range S on both sides of the vertical line passing
through the general center G of the circular shape of the
glass tube 12, but the roof portion 22 is not symmetrical
with respect to the vertical line VL in the whole region. In
one first region 22A of the roof portion 22, the width is
extended by an amount T.

[0063] In the fourth embodiment, in the cross section
perpendicular to the length direction of the glass tube 12
as viewed from the X-axis direction of FIG. 2, the two end
portions of the tray 30 in the width direction have different
distances from the vertical line VL. The upwards protrud-
ing shape of the roof portion 22 is symmetrical with re-
spect to the vertical line VL in the range where the re-
flected light is incident on the end portion of the tray 30
in the width direction close to the vertical line VL side (the
right end portion in the drawing). Then, by adjusting the
length of the roof portion 22, the reflected light is also
incident on the other end portion (the left end portion in
the drawing). A same relationship with the left and right
reversed is shown in the cross section perpendicular to
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the length direction of the glass tube 12 as viewed from
the direction opposite to the X-axis direction.

[0064] As mentioned above, the defrosting device 2
according to any one of the first to fourth embodiments
of the present invention described above includes: the
defrosting heater 10 having the heating element in the
single-layer glass tube 12 with the circular cross section
perpendicular to the length direction; the roof portion 22
disposed above the glass tube 12, extending in the length
direction of the glass tube 12, made of the metal sheet
and having the upwards protruding shape; the tray 30
disposed below the glass tube 12, extending in the length
direction of the glass tube 12, and having the opening 32
formed in the bottom thereof; and the drainage pipe 40
extending downwards from the opening 32, wherein in
the cross section perpendicular to the length direction of
the glass tube 12, the top P of the roof portion 22 is located
on the vertical line VL passing through the general center
G of the glass tube 12, and the roof portion 22 is sym-
metrical with respect to the vertical line VL within at least
the predetermined range on both sides of the vertical line
VL, and in the cross section along the length direction of
the glass tube 12 including the vertical line VL, the end
regions on both sides of the roof portion 22 in the length
direction are inclined downwards to downwards reflect
the radiant heat from the lower side, and the opening 32
is located directly below the glass tube 12.

[0065] The single-layer glass tube 12 is used to reduce
amanufacturing cost of the device. Even when input pow-
er of the defrosting heater 10 is suppressed to reduce a
temperature of an outer surface of the glass tube 12, the
radiant heat from the defrosting heater 10 may be reflect-
ed towards the tray 30 side by the roof portion 22, so as
to melt the frost in the tray 30. In particular, the upwards
protruding shape of the roof portion 22 is symmetrical
with respect to the vertical line VL in at least the prede-
termined range S on both sides of the vertical line VL
passing through the general center G of the glass tube
12, andin the length direction (the X-axis direction shown
in FIG. 2) of the glass tube 12, the end regions (see 22C
and 22D in FIG. 4) on both sides are inclined to down-
wards reflect the radiant heat from the lower side, and
the opening 32 of the tray 30 is located directly below the
glass tube 12, thus using the reflected heat from the roof
portion 22 and the radiant heat directly received from the
defrosting heater 10, and making the radiant heat with
the small offset or deflection incident into the main part
of the tray 30. Therefore, the frost adhering to the evap-
orator 110 may be melted and discharged through the
opening 32 of the tray 30 and the drainage pipe 40. As
mentioned above, a defrosting device 2 which may be
manufactured at alow cost and has a sufficient defrosting
performance may be provided.

[0066] Inaddition, inthe defrosting devices 2 according
to the first to fourth embodiments, since the position H1
of the lower end portion of the roof portion 22 is the same
as or above the position HO of the upper end of the glass
tube 22 in the height direction (the Z-axis direction), the
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frost adhering to the evaporator 110 may be effectively
melted by the heat transferred by natural convection. Fur-
ther, in the height direction (the Z-axis direction), the top
P of the roof portion 22 is disposed at the position H2
higher than the position HO of the upper end of the glass
tube 12 by the length which is 1.5 times the outer diameter
of the glass tube 12 or less, thus improving the effect of
melting the frost adhering to the evaporator 110 and the
frost in the tray 30. With the arrangement of the above
roof portion 22, the frost on the evaporator 110 and the
tray 30 may be effectively melted to provide the high de-
frosting performance.

[0067] Inaddition,inthe defrostingdevices 2 according
to the first to fourth embodiments, the width W at the
lower end of the roof portion 22 is 2 to 3 times the outer
diameter D of the glass tube 12, thus well balancing and
effectively melting the frost of the evaporator 110 and the
tray 30.

(Defrosting component)

[0068] FIG. 9 is a perspective view for illustrating a
defrosting component according to an embodiment of
the present invention. FIG. 9 schematically shows the
shape of the roof portion 22. Any of the defrosting devices
2 according to above-mentioned embodiments includes
the defrosting component 50 formed by bending the met-
alrod. As shown in FIG. 3 or 9, the defrosting component
50 has the hook portion 52 formed at one end portion of
the metal rod and inserted into the hole portion 26 pro-
vided in the metal sheet forming the roof portion 22 in
the free rotation state. Further, the defrosting component
50 has the heat receiving portion 54 connected with the
hook portion 52 and extending obliquely downwards
while connected with the metal sheet forming the roof
portion 22. The defrosting component 50 mounted, at
one end portion thereof, to the roof portion 22 by the hook
portion 52 in the free rotation state is suspended by grav-
ity, and the heat receiving portion 54 extends obliquely
downwards while coming into contact with the metal
sheet forming the roof portion 22.

[0069] Further, the defrosting component 50 has the
bypassing portion 56 connected with the heat receiving
portion 54 and bent to bypass the glass tube 12. Since
the heat receiving portion 54 and the metal sheet forming
the roof portion 22 come into contact by gravity to have
fixed positions, the bypassing portion 56 may be reliably
separated from the glass tube 12. Further, the defrosting
component 50 has the heat dissipation portion 58 con-
nected with the bypassing portion 56 and extending
downwards into the tray 30 and the drainage pipe 40.
The defrosting component 50 terminates at an end por-
tion of the heat dissipation portion 58.

[0070] In the defrosting component 50 mounted to the
roof portion 22 by the hook portion 52 in the free rotation
state, the heat receiving portion 54 comes into contact
with the roof portion 22 by gravity, and therefore receives
the heat from the defrosting heater 10 through the contact
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part of the metal roof portion 22. Furthermore, the heat
received by the heat receiving portion 54 is conducted
through the bypassing portion 56 to the heat dissipation
portion 58 extending downwards. Thus, the heat is sup-
plied from the heat dissipation portion 58 to the frost or
water in the tray 30 or the drainage pipe 40. Therefore,
the frost in the tray 30 or the drainage pipe 40 may be
melted and discharged through the drainage pipe 40.
[0071] As mentioned above, by using the defrosting
component 50 in addition to the roof portion 22, the heat
from the defrosting heater 10 may be effectively supplied
to the frost or water in the tray 30 or the drainage pipe
40 at a low manufacturing cost.

[0072] Further, as shown by arrows A, B in FIG. 9, the
defrosting component 50 may be rotated to be disposed
along a surface of the roof portion 22. Therefore, when
the defrosting device 2 is mounted in the refrigerator 100,
or when components are dismounted or replaced, the
defrosting component 50 is placed along the surface of
the roof portion 22 and fixed using adhesive tape, or the
like, thus preventing the defrosting component 50 from
interfering with other members, so as to improve a work-
ing efficiency.

(Refrigerator)

[0073] The refrigerator 100 shown in FIG. 1 including
the defrosting device 2 according to the above-men-
tioned embodiment may also achieve any of the above-
mentioned effects.

[0074] While the embodiments of the presentinvention
have been described, the disclosure may vary in details
of the structure, and combinations of elements, changes
of sequences, or the like, of the embodiments may be
realized without departing from the scope and idea
claimed by the present invention.

Claims
1. A defrosting device (2), comprising:

a defrosting heater (10) having a heating ele-
ment in a single-layer glass tube (12) with a cir-
cular cross section perpendicular to a length di-
rection;

aroofportion (22) disposed above the glass tube
(12) and extending in the length direction of the
glass tube (12), the roof portion (22) being made
of ametal sheet and having an upwards protrud-
ing shape;

a tray (30) disposed below the glass tube (12),
extending in the length direction of the glass tube
(12), and having an opening (32) formed in a
bottom (30A) thereof; and

adrainage pipe (40) extending downwards from
the opening (32),

wherein in a cross section perpendicular to the
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length direction of the glass tube (12),

a top of the roof portion (22) is located on a ver-
tical line (VL) passing through a general center
(G) of the glass tube (12), and the roof portion
(22) is symmetrical with respect to the vertical
line (VL) within at least a predetermined range
(2) on both sides of the vertical line (VL), and
in a cross section along the length direction of
the glass tube (12) comprising the vertical line
(VL), end regions on both sides of the roof por-
tion (22) in the length direction are inclined
downwards to downwards reflect radiant heat
from alower side, and the opening (32)is located
directly below the glass tube (12).

The defrosting device (2) according to claim 1,
wherein a lower end portion of the roof portion (22)
is disposed at a same position as or above an upper
end of the glass tube (12) in a height direction, and
in the height direction, the top of the roof portion (22)
is disposed at a position higher than a position of the
upper end of the glass tube (12) by a length which
is 1.5 times an outer diameter of the glass tube (12)
or less.

The defrosting device (2) according to claim 1,
wherein a width at a lower end of the roof portion
(22) is 2 to 3 times the outer diameter of the glass
tube (12) in the cross section perpendicular to the
length direction of the glass tube (12).

The defrosting device (2) according to claim 1, fur-
ther comprising a defrosting component (50) made
of a bent metal rod,

the defrosting component (50) having:

a hook portion (52) formed at one end portion
of the metal rod and inserted into a hole portion
(26) provided at the roof portion (22) in a free
rotation state;

a heat receiving portion (54) connected with the
hook portion (52) and extending obliquely down-
wards while connected with the roof portion (22);
abypassing portion (56) connected with the heat
receiving portion (54) and bent to bypass the
glass tube (12); and

a heat dissipation portion (58) connected with
the bypassing portion (56) and extending down-
wards into the tray (30) and the drainage pipe
(40).

The defrosting device (2) according to claim 1,
wherein the roof portion (22) is formed by a first re-
gion (22A) and a second region (22B) having flat
plate shapes; or the roof portion (22) is formed by a
first region (22A) and a second region (22B) having
curved surface shapes.
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10

10.

The defrosting device (2) according to claim 5,
wherein the first region (22A) and the second region
(22B) are symmetrically arranged with respect to the
vertical line (VL).

The defrosting device (2) according to claim 5,
wherein an angle 6 formed by the first region (22A)
and the vertical line (VL) coincides with an angle 6
formed by the second region (22B) and the vertical
line (VL), and the first region (22A) is longer than the
second region (22B).

The defrosting device (2) according to claim 1,
wherein the roof portion (22) has a third region (22C)
and a fourth region (22D) inclined downwards in end
regions on both sides in the length direction thereof.

The defrosting device (2) according to claim 8,
wherein planes or curved surfaces serve as reflec-
tion surfaces of the third region (22C) and the fourth
region (22D).

A refrigerator comprising the defrosting device (2)
according to claim 1.
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