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(54) REFRIGERATOR HAVING VERY LOW TEMPERATURE FREEZER COMPARTMENT

(57) Refrigerator having a very low temperature
freezer compartment (200) and more particularly, refrig-
erator for reliably preventing leakage of cool air in a very
low temperature freezing space (200) to the outside and
allowing a very low temperature freezer compartment
(200) and a thermoelectric element module (TEM) as-
sembly (100) to be easily installed. The refrigerator in-
cludes a stepped shape formed between a grill fan and
a shroud which are located near a TEM accommodating
part (53), a close contact structure of a coupling portion

between a TEM assembly (100) and the TEM accommo-
dating part (53), a shape of a coupling portion between
the very low temperature case (210) and the TEM ac-
commodating part (53), a sealant (61, 62, 63, 64) closely
interposed between the above-described portions, a gas-
ket structure (65) between the very low temperature case
(210) and the very low temperature compartment door
(220), and a compression structure (22) of the very low
temperature compartment door (220) for the very low
temperature case (210).
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Description

BACKGROUND

1. Field of the Invention

[0001] The present invention relates to a refrigerator
having a very low temperature freezer compartment, and
more particularly, to a refrigerator for reliably preventing
leakage of cool air in a very low temperature freezing
space to the outside and allowing a very low temperature
freezer compartment and a thermoelectric element mod-
ule (TEM) assembly to be easily installed.

2. Discussion of Related Art

[0002] Generally, a refrigerator is a home appliance
that stores food at a low temperature, and can be divided
into a refrigerator compartment and a freezer compart-
ment according to a temperature of food stored in the
refrigerator. Generally, a refrigerator compartment main-
tains a temperature of 3 to 4 °C, and a freezer compart-
ment maintains a temperature of about -20 °C.
[0003] The freezer compartment having a temperature
of about -20 °C is a space in which food is kept frozen
and is mainly used by consumers to store food for long
periods of time. However, an existing freezer compart-
ment which maintains a temperature of about -20 °C has
a problem in that, in a case in which meat or seafood are
frozen, when moisture in cells of the meat or seafood is
frozen, a phenomenon in which the moisture is drained
outside the cells and the cells are destroyed occurs, and
as a result, when the meat or seafood are cooked after
being defrosted, an original taste thereof is lost or a tex-
ture is changed.
[0004] On the other hand, in the case of meat or sea-
food being frozen, when the freezing is performed while
a temperature rapidly passes through a freezing point
temperature zone in which intracellular ice is formed, de-
struction of the cells can be minimized. Therefore, even
after the meat or seafood is defrosted, fleshiness and
texture of the food can be properly renewed or repro-
duced, and thus delicious dishes can be made.
[0005] Because of this, high-class restaurants use very
low temperature freezers that can rapidly freeze meat,
fish, seafood, and the like. However, since it is not always
necessary to use a very low temperature freezer in an
ordinary home unlike a restaurant that needs to preserve
large quantities of food, it is not easy to separately pur-
chase and use a very low temperature freezer that is
used in a restaurant.
[0006] However, as quality of life has improved, a cus-
tomer’s desire to eat more delicious food has increased,
and accordingly, customers who want to use a very low
temperature freezer have increased.
[0007] In order to meet the needs of such customers,
household refrigerators in which a very low temperature
freezer compartment is installed in a portion of a freezer

compartment are being developed. The very low temper-
ature freezer compartment preferably satisfies a temper-
ature of about -50 °C, and such an extremely low tem-
perature is a temperature that cannot be attained by only
a refrigeration cycle using a conventional refrigerant.
[0008] Accordingly, household refrigerators in which a
very low temperature freezer compartment is separately
provided in a freezer compartment are being developed
through a method in which cooling is performed up to a
temperature of about -20 °C using a refrigeration cycle
and then cooling is performed at a very low temperature
lower than -20 °C using a thermoelectric element module
(TEM).
[0009] However, since a temperature difference be-
tween a freezer compartment at -20 °C and a very low
temperature freezer compartment at -50 °C is significant-
ly large, it is not easy to implement the temperature of
-50 °C only by directly applying a structure in which heat
insulating, defrosting, and cold air supplying are per-
formed, which has been applied to an existing freezer
compartment design, to the very low temperature freezer
compartment.
[0010] Therefore, in order to smoothly implement an
extremely low temperature of the very low temperature
freezer compartment, it is necessary to block introduction
of air in the freezer compartment at a temperature of -20
°C, which is higher than -50 °C, into a very low temper-
ature freezing space which maintains a temperature of
-50 °C inside the very low temperature freezer compart-
ment.
[0011] A very low temperature case forming the very
low temperature freezer compartment should be manu-
factured and assembled separately from a grill fan as-
sembly, and a very low temperature compartment door
that can open and close the very low temperature case
should be installed on a front side of the very low tem-
perature case. Therefore, an assembled structure of the
very low temperature case and the grill fan assembly
should have a structure in which the very low temperature
case is firmly fixed to the grill fan assembly and introduc-
tion of air in the freezer compartment into an inner space
of the very low temperature case through such fixed por-
tions is prevented, and is required to have a structure in
which the air in the freezer compartment is also prevented
from being introduced into the inner space of the very
low temperature case even through a gap between the
very low temperature case and the very low temperature
compartment door.
[0012] Since an assembly including a thermoelectric
element installed for cooling the very low temperature
freezing space of the very low temperature freezer com-
partment is installed in the grill fan assembly, when a gap
existing at a fastening portion of the assembly of the ther-
moelectric element and the grill fan assembly is a portion
at which the very low temperature freezing space is in
conjunction with a general freezing space, a structure for
preventing introduction of air in the freezer compartment
into an inner space of the very low temperature case,
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that is, a sealing structure, is required therebetween.
[0013] In addition, even when a gap between the grill
fan and a shroud of the grill fan assembly in which the
assembly of the thermoelectric element is installed is the
portion at which the very low temperature freezing space
is in conjunction with the general freezing space, the
structure for preventing the introduction of the air in the
freezer compartment into the inner space of the very low
temperature case, that is, the sealing structure, is re-
quired therebetween.

SUMMARY OF THE INVENTION

[0014] The present invention is directed to a refriger-
ator structure in which an extremely low temperature is
smoothly implemented and maintained by all gaps
around a very low temperature freezing space through
which it is possible for a very low temperature freezing
space to be in conjunction with a freezing space of a
general freezer compartment being thoroughly sealed.
[0015] The present invention is directed to a refriger-
ator having a structure in which a thermoelectric element
module (TEM) assembly is easily assembled and also
reliably sealed.
[0016] The present invention is directed to a refriger-
ator further including a compression structure in which
sealing can be reliably performed even between a very
low temperature case which is opened and closed and
a very low temperature compartment door.
[0017] According to an aspect of the present invention,
there is provided a grill fan assembly 50 disposed in a
freezer compartment having a structure in which a TEM
assembly 100 for cooling a very low temperature freezing
space defined by a very low temperature case 210 is
accommodated and including a grill fan 51 having a
shroud 56 configured to distribute cool air supplied to the
freezer compartment, wherein the grill fan assembly 50
includes a TEM accommodating part 53 provided in the
grill fan 51 to protrude forward from the grill fan 51 and
configured to accommodate the TEM assembly, and an
abutting surface 561 provided on the shroud 56, brought
into contact with a rear surface of the grill fan 51 behind
the TEM accommodating part 53, and including a TEM
insertion hole 563 configured to be in conjunction with
an inner space of the TEM accommodating part 53 along
an inner edge thereof, and a first sealant 61 is interposed
between the rear surface of the grill fan 51 and the abut-
ting surface 561 to seal a gap between the rear surface
of the grill fan 51 and the abutting surface 561.
[0018] Generally, when the TEM assembly is installed
in the TEM accommodating part provided in the grill fan
assembly, since a space of the TEM accommodating part
is in conjunction with the very low temperature freezing
space, it is necessary to seal of a gap adjacent to the
TEM accommodating part in the grill fan assembly. Ac-
cordingly, in the present invention, leakage of extremely
low temperature cool air from the very low temperature
freezing space may be prevented by sealing the gap be-

tween the grill fan and the shroud which are in conjunction
with the very low temperature freezing space with a seal-
ant.
[0019] A rear rib 511 may be provided on the rear sur-
face of the grill fan 51 to extend rearward from an outer
periphery of the TEM accommodating part 53, a rib abut-
ting surface 562 may be provided at an outer periphery
of the abutting surface 561 of the shroud 56 to extend
rearward and be in contact with an inner surface of the
rear rib 511, and a second sealant 62 may be interposed
between the rear rib 511 and the rib abutting surface 562.
[0020] Since a position of an outer edge of the flange
112 facing outward from a module housing 110 of the
TEM assembly 100 is regulated by an inner surface of
the rib abutting surface 562 of the shroud 56, the module
housing 110 is aligned with a position of a rear surface
of the abutting surface 561 of the shroud 56 so that po-
sition alignment of the module housing 110 during an
installation process of the TEM assembly 100 can be
smoothly performed.
[0021] According to the above structure, since a gap
may be further formed at a position perpendicular to an
installation portion of the first sealant by a sealing portion
being bent from the gap in which the first sealant 61 is
installed and the second sealant 62 may be further inter-
posed in such a gap, a sealing force may be sufficiently
secured. Even when a large overlapping region between
two members requiring sealing is not secured, a structure
in which the sealing portion is bent as described above
is a means for securing a sealing force. In addition, such
a bending structure is implemented as a stepped struc-
ture, and the stepped structure is very useful when it is
necessary to fit other parts or regulate positions of the
other parts. In the present invention, the TEM assembly
is fitted into the stepped structure, and a position thereof
is regulated so that an additional effect in which assembly
is also easily performed may be obtained.
[0022] The TEM assembly 100 may include a thermo-
electric element 130 having a heat-absorbing surface
130a and a heat-generating surface 130b opposite the
heat-absorbing surface 130a, a cold sink 120 in contact
with the heat-absorbing surface 130a and facing the cool-
ing fan, a heat sink 150 in contact with the heat-gener-
ating surface 130b, a heat insulating material 140
stacked on a space in which the thermoelectric element
130 is not disposed as a space in which the cold sink 120
faces the heat sink 150, and a module housing 110 con-
figured to accommodate and fix the cold sink, the ther-
moelectric element, the heat insulating material, and the
heat sink, wherein a flange 112 may be provided in the
module housing 110 to extend outward and may be in
contact with the rear surface of the abutting surface 561
of the shroud 56 and fixed thereto.
[0023] Generally, the grill fan and the shroud are made
of a synthetic resin, which is injection molded in the form
of a plate, and most of the synthetic resin does not have
sufficient strength to firmly support other structures. In
the present invention, in the grill fan assembly, the TEM
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assembly 100 is fixed to a portion in which the grill fan
and the shroud overlap, and thus the grill fan assembly
may provide a sufficient supporting force for the TEM
assembly.
[0024] Here, a third sealant 63 may be interposed be-
tween the flange 112 and the abutting surface 561 to
block leakage of cool air in the very low temperature
freezing space through a gap generated when the TEM
assembly is assembled to the grill fan assembly.
[0025] A width w of the third sealant disposed in an
overlapping region of the flange and the abutting surface
may range from 5 mm to 15 mm. When the width is 5
mm or more, a minimum sealing force required to prevent
the leakage of the cool air may be secured, and when
the width is 15 mm or more, an effect of preventing the
leakage of the cold air may be hardly improved while too
much space are occupied.
[0026] Since a spacer 111, which extends rearward
from the flange 112 and is supported by an inner case
12 of a refrigerator main body 10 whose rear end is dis-
posed at the rear of the grill fan assembly 50, is provided
in the flange 112 of the module housing 110, a gap be-
tween the grill fan assembly and the inner case may be
maintained by the spacer, and a supporting force for fur-
ther compressing the flange of the module housing to-
ward the grill fan assembly may be secured so that leak-
age of the cool air may be reliably prevented.
[0027] The module housing 110 may include an ac-
commodating groove 113 extending rearward from an
inner edge of the flange 112, the cold sink, the thermo-
electric element, the heat insulating material, and the
heat sink may be accommodated in the accommodating
groove 113, and the thermoelectric element 130 and the
heat sink 150 may be disposed further rearward than a
rear surface of the space of the freezer compartment 40
defined by the grill fan assembly 50. That is, in a structure
of the accommodating groove of the module housing, a
heat-generating portion of the thermoelectric element
may be disposed in a separate space from the space of
the freezer compartment so that a loss of the cool air in
the freezer compartment may be prevented.
[0028] Since a front end of the cold sink 120 is disposed
further forward than the rear surface of the space of the
freezer compartment 40 defined by the grill fan assembly
50, very low temperature freezing efficiency may be in-
creased by disposing a portion in which cool air may be
generated as close as possible to the very low temper-
ature freezing space.
[0029] According to another aspect of the present in-
vention, there is provided a refrigerator having a very low
temperature freezer compartment 200 inside a freezer
compartment 40, wherein the refrigerator includes a grill
fan assembly 50 installed at a rear of the freezer com-
partment 40 and configured to define a rear range of a
space of the freezer compartment 40, a TEM accommo-
dating part 53 provided in a form protruding forward from
a front surface of the grill fan assembly 50 and configured
to accommodate the TEM assembly 100, a very low tem-

perature case 210 configured to define an exterior of the
very low temperature freezer compartment 200, having
a substantially rectangular parallelepiped shape, whose
front is open and configured to have the TEM accommo-
dating part 53 inserted into a rear thereof, and including
an opening 211, and a very low temperature compart-
ment door 220 configured to open and close the open
front of the very low temperature case 210, an inner cir-
cumferential surface 211a of the opening 211 of the very
low temperature case 210 surrounds an outer circumfer-
ential surface 534 of the TEM accommodating part 53,
and a fourth sealant 64 is closely interposed between the
inner circumferential surface 211a and the outer circum-
ferential surface 534.
[0030] In order for the very low temperature freezer
compartment to be installed in the freezer compartment,
a structure in which the TEM assembly is installed in the
grill fan assembly and the very low temperature freezer
compartment is assembled in front of the grill fan assem-
bly may be applied so that manufacturing and assembling
may be simplified. According to the present invention,
when the TEM accommodating part protrudes from the
front of the grill fan assembly, the opening 211 is disposed
at the rear of the very low temperature case 210, and the
very low temperature case is assembled with a drawer
from a front to a rear thereof, the inner circumferential
surface of the opening surrounds and is fitted to the outer
circumferential surface of the TEM accommodating part
so that an assembling process is simplified. Further,
since the sealant is interposed between the inner circum-
ferential surface and the outer circumferential surface, a
mounting force between the opening and the TEM ac-
commodating part may be further increased while pre-
venting leakage of the cool air through a gap therebe-
tween.
[0031] A rear surface of a periphery of the opening of
the very low temperature case 210 is brought into contact
with a front surface of a periphery of the TEM accommo-
dating part of the grill fan, and an overall L-shaped contact
surface may be formed to further improve an mounting
force so that an effect of preventing leakage of the cool
air may be further improved.
[0032] The inner circumferential surface 211a may in-
clude a surface inclined outwardly toward a rear thereof,
and the outer circumferential surface 534 may also in-
clude a surface inclined outwardly toward a rear thereof
in a form corresponding to the inner circumferential sur-
face. Such a tapered angle may range from about 1 to 5°.
[0033] A length OL of the fourth sealant disposed in an
overlapping region of the inner circumferential surface
211a and the outer circumferential surface 534 may
range from 30 mm to 40 mm, and thus a waste of space
may be minimized and a sealing force may be secured.
[0034] The refrigerator may further include a gasket 65
provided at a rear of the very low temperature compart-
ment door and configured to shield a gap between the
very low temperature compartment door 220 and the very
low temperature case 210 by being in contact with an
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edge of a front surface of the very low temperature case
210.
[0035] The refrigerator may further include a compres-
sion structure in which the gasket is compressed by a
force for bringing the very low temperature compartment
door into close contact with the very low temperature
case being applied to the very low temperature compart-
ment door and the very low temperature case.
[0036] The compression structure may include mutu-
ally attractive magnetic substances which are installed
in the very low temperature compartment door and the
very low temperature case.
[0037] The compression structure may include a pro-
trusion and a locking groove, which are provide in the
very low temperature compartment door and the very low
temperature case, respectively.
[0038] A very low temperature tray 226, which is with-
drawable from and insertable into a very low temperature
freezing space defined by the very low temperature case
through the very low temperature compartment door
opening and closing the open front of the very low tem-
perature case, is installed at the rear of the very low tem-
perature compartment door, an outer rail guide 221 is
installed at a lower portion of the rear of the very low
temperature compartment door in which the very low
temperature tray is installed to extend rearward, an outer
rail 215 configured to guide sliding movement of the outer
rail guide 221 in forward and backward directions is in-
stalled on a bottom portion of the very low temperature
case 210, and the compression structure as an example
of the compression structure includes a damping closure
216 provided on the outer rail 215 or the outer rail guide
221 and configured to pull the outer rail guide 221 rear-
ward at a controlled speed.
[0039] The compression structure includes a structure
in which a rear surface of the refrigerator door 20 presses
the very low temperature compartment door 220 when
the refrigerator door 20 is closed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent to those of ordinary skill in the art by describing
exemplary embodiments thereof in detail with reference
to the accompanying drawings, in which:

FIG. 1 is a perspective view illustrating a refrigerator
according to the present invention in a state in which
doors thereof are opened;
FIGS. 2A to 2C are perspective views illustrating a
state in which a grill fan assembly and a very low
temperature freezer compartment are installed in an
inner case of a freezer compartment of a refrigerator
main body of the present invention, a partition wall,
and a side wall of the inner case, respectively;
FIG. 3 is a front perspective view illustrating a state
in which the grill fan assembly, the very low temper-

ature freezer compartment, and a thermoelectric el-
ement module (TEM) assembly of the freezer com-
partment according to the present invention are dis-
assembled;
FIG. 4 is a perspective view illustrating a shroud of
the grill fan assembly;
FIG. 5 is an enlarged perspective view of a TEM
accommodating part;
FIG. 6 is a rear perspective view of FIG. 3;
FIG. 7 is a cross-sectional view taken along line A-
A of FIG. 2A;
FIG. 8 is a cross-sectional view (from which a heating
wire is omitted) taken along line B-B’ of FIG. 3;
FIG. 9 is a perspective view of a side section of the
grill fan assembly in which the TEM assembly is in-
stalled when viewed from the rear;
FIG. 10 is a cross-sectional view taken along line Z-
Z of FIG. 9;
FIG. 11 is a cross-sectional view taken along line X-
X of FIG. 9;
FIG. 12 is a cross-sectional view taken along line C-
C of FIG. 7;
FIG. 13 is an exploded perspective view of the TEM
assembly according to the present invention;
FIG. 14 is a front perspective view illustrating a mod-
ified example of the TEM assembly according to the
present invention;
FIG. 15 is a rear perspective view of the modified
example of FIG. 14;
FIGS. 16A and 16B are cross-sectional views taken
along line I-I of FIG. 6;
FIGS. 17A and 17B are enlarged perspective views
of a portion J of FIG. 8 when viewed from the rear;
FIG. 18 is a view illustrating a refrigeration cycle ap-
plied to the refrigerator according to the present in-
vention;
FIG. 19 is a view illustrating another embodiment of
the refrigeration cycle applied to the refrigerator ac-
cording to the present invention;
FIG. 20 is an enlarged perspective view illustrating
a state in which a refrigerant pipe behind a capillary
tube of a refrigeration cycle and a capillary tube in
front of an evaporator are connected to a refrigerant
inlet pipe (151) and a refrigerant outlet pipe (152) of
a TEM assembly fixed to a grill fan assembly, re-
spectively;
FIG. 21 is a side cross-sectional view illustrating an
example in which the very low temperature freezer
compartment of the present invention is installed in
a refrigerator compartment;
FIG. 22 is an enlarged cross-sectional view taken
along line I-I of FIG. 6;
FIG. 23 is an enlarged perspective view of the portion
J of FIG. 8 when viewed from the rear;
FIG. 24 is a side cross-sectional view illustrating a
state in which a very low temperature compartment
door and a very low temperature tray are withdrawn
from the very low temperature case assembled in
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the grill fan assembly;
FIG. 25 is an enlarged side cross-sectional view il-
lustrating a state in which the very low temperature
compartment door in the very low temperature case
of FIG. 24 is closed; and
FIG. 26 illustrates cross-sectional views taken along
lines Q-Q and R-R of FIG. 24.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0041] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0042] The present invention is not limited to the em-
bodiments that will be disclosed, and may be implement-
ed in various different forms. The embodiments are pro-
vided in order to fully explain the present invention and
the scope of the present invention to those skilled in the
art.
[0043] In the present invention, the term "very low tem-
perature" refers to a temperature lower than -20 °C, which
is a typical freezing storage temperature of a freezer com-
partment, and a range thereof is not numerically limited
thereto. Also, even in the very low temperature freezer
compartment, a storage temperature thereof includes
-20 °C and may be higher than -20 °C.

[Overall Structure of Refrigerator having Very Low Tem-
perature Freezer Compartment]

[0044] FIG. 1 is a perspective view illustrating a refrig-
erator according to the present invention in a state in
which doors thereof are opened, and FIGS. 2A to 2C are
perspective views illustrating a state in which a grill fan
assembly and a very low temperature freezer compart-
ment are installed in an inner case of a freezer compart-
ment of a refrigerator main body of the present invention,
a partition wall, and a side wall of the inner case, respec-
tively.
[0045] The refrigerator according to the present inven-
tion includes a refrigerator main body 10 having a rec-
tangular parallelepiped shape and a refrigerator door 20
opening and closing each of spaces of a cabinet in front
of the main body. The refrigerator of the present invention
has a bottom freezer structure in which a refrigerator
compartment 30 is provided at an upper portion thereof
and a freezer compartment 40 is provided at a lower por-
tion thereof, and the refrigerator compartment and the
freezer compartment have side-by-side type doors 21
and 22, respectively, which are rotated and opened rel-
ative to hinges 25 at both ends of the refrigerator com-
partment 30 and the freezer compartment 40. However,
the present invention is not limited to the refrigerator hav-
ing the bottom freezer structure, and any refrigerator hav-
ing a structure in which a very low temperature freezer
compartment is installed in a freezer compartment may
also be applied as a refrigerator having a side-by-side

structure in which a refrigerator compartment and a freez-
er compartment are disposed on left and right sides, re-
spectively, a refrigerator having a top mount structure in
which a freezer compartment is disposed above a refrig-
erator compartment, and the like.
[0046] The refrigerator main body 10 includes an outer
case 11 which forms an exterior of the refrigerator and
an inner case 12 which is spaced a predetermined dis-
tance from the outer case 11 and constitutes an interior
of each of the refrigerator compartment 30 and the freez-
er compartment 40. A heat insulating material 80 is
foamed in a space between the outer case 11 and the
inner case 12, which is filled with the heat insulating ma-
terial 80, so that the refrigerator compartment 30 and the
freezer compartment 40 are heat-insulated from an in-
door space.
[0047] A shelf 13 and a drawer 14 are installed in stor-
age spaces of the refrigerator compartment 30 and the
freezer compartment 40 to increase space-using efficien-
cy and store food, and may be guided along rails 15 dis-
posed on left and right sides of the storage spaces and
installed therein. As illustrated in the drawings, door bas-
kets 27 are installed inside the refrigerator compartment
door 21 and the freezer compartment door 22 are suitable
for storing containers of drinks and the like.
[0048] A very low temperature freezer compartment
200 according to the present invention is provided in the
freezer compartment 40. A space of the freezer compart-
ment 40 is partitioned by a partition wall 42 extending
vertically at a center of the freezer compartment to be
divided into left and right sides for efficient use of space.
Referring to FIGS. 2A to 2C, the partition wall 42 is in-
stalled to be fitted in an inward direction from a front side
of the cabinet, and may be supported in the freezer com-
partment by a mounting guide 42-1 provided at a bottom
of the refrigerator. According to the present invention,
the very low temperature freezer compartment 200 is il-
lustrated as being located on an upper right side of the
freezer compartment 40. However, the present invention
is not necessarily limited to the very low temperature
freezer compartment 200 being provided in the freezer
compartment. That is, the very low temperature freezer
compartment 200 of the present invention may be pro-
vided in the refrigerator compartment 30. However, since
a temperature difference between an inside and outside
(a freezer compartment atmosphere) of the very low tem-
perature freezer compartment when the very low tem-
perature freezer compartment 200 is installed in the
freezer compartment 40 is smaller when being installed
in the refrigerator compartment 30, it is more advanta-
geous for the very low temperature freezer compartment
200 to be installed in the freezer compartment from the
viewpoint of cool air leakage prevention and heat insu-
lation.
[0049] A machine compartment isolated from the
freezer compartment is located at a lower rear portion of
the freezer compartment, and a compressor 71 and a
condenser 73 of a refrigeration cycle cooling system 70
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using a refrigerant are disposed in the machine compart-
ment. A grill fan assembly 50, which includes a grill fan
51 configured to define a rear wall of the freezer com-
partment and a shroud 56 which is coupled to a rear of
the grill fan 51 to distribute cool air in the freezer com-
partment, is installed in a space formed between the
freezer compartment and a rear wall of the inner case
12. An evaporator 77 of the refrigeration cycle cooling
system 70 is installed in a space with a predetermined
size between the grill fan assembly 50 and the rear wall
of the inner case 12. The refrigerant evaporated when a
refrigerant inside the evaporator 77 is evaporated ex-
changes heat with air flowing in an inner space of the
freezer compartment, and the air cooled by the heat ex-
change is distributed in a cool air distribution space de-
fined by the grill fan 51 and the shroud 56 and flows into
the freezer compartment to cool the freezer compart-
ment.

[Cooling Structure of Very Low Temperature Freezer 
Compartment and Freezer Compartment including Very 
Low Temperature Freezer Compartment]

[0050] FIG. 3 is a front perspective view illustrating a
state in which the grill fan assembly, the very low tem-
perature freezer compartment, and a thermoelectric el-
ement module (TEM) assembly of the freezer compart-
ment according to the present invention are disassem-
bled, FIG. 4 is a perspective view illustrating a shroud of
the grill fan assembly, FIG. 5 is an enlarged perspective
view of a TEM accommodating part, FIG. 6 is a rear per-
spective view of FIG. 3, FIG. 7 is a cross-sectional view
taken along line A-A of FIG. 2A, FIG. 8 is a cross-sectional
view taken along line B-B’ of FIG. 3, FIG. 9 is a perspec-
tive view of a side section of the grill fan assembly in
which the TEM assembly is installed when viewed from
the rear, FIG. 10 is a cross-sectional view taken along
line Z-Z of FIG. 9, FIG. 11 is a cross-sectional view taken
along line X-X of FIG. 9, and FIG. 12 is a cross-sectional
view taken along line C-C of FIG. 7.
[0051] First, referring to FIGS. 3, 4, and 6, as an em-
bodiment according to the present invention, the grill fan
assembly 50 to which the very low temperature freezer
compartment 200 is applied includes the grill fan 51 con-
figured to define the rear wall of the freezer compartment
and the shroud 56 configured to distribute cool air cooled
by exchanging heat with the above-described evaporator
77 on a rear surface of the grill fan 51 and supply the
cool air to the freezer compartment.
[0052] Cool air outlet pipes 52 which serve as paths
for discharging cool air in a forward direction are provided
as illustrated in the grill fan 51. In the illustrated embod-
iment, the cool air outlet pipes 52 are provided at upper
left and right sides 52-1 and 52-2, central left and right
sides 52-3 and 52-4, and lower left and right sides 52-5
and 52-6 (in FIG. 3, the cool air outlet pipes at the central
left side and the lower left side are covered by the very
low temperature freezer compartment).

[0053] The shroud 56 is coupled to the rear of the grill
fan 51 and defines a space with a predetermined size
with the rear surface of the grill fan 51 after being coupled
thereto. The space serves as a space for distributing the
air cooled by the evaporator 77 provided on the rear sur-
face of the shroud 56 or the grill fan assembly 50. A cool
air intake hole 58 configured to be in conjunction a space
behind the shroud 56 with the space between the grill
fan 51 and the shroud 56 is provided at a substantially
central upper portion of the shroud 56. Further, a fan 57
configured to suction cool air in the space behind the
shroud 56 through the cool air intake hole 58 and pres-
surize and distribute the cool air in the space between
the grill fan 51 and the shroud 56 is installed inside the
cool air intake hole 58 in the space between the grill fan
51 and the shroud 56.
[0054] The cool air pressurized by the fan 57 flows into
the space between the grill fan 51 and the shroud 56, is
appropriately distributed, and is discharged in the forward
direction through the cool air outlet pipes 52, which are
open in a forward direction of the grill fan 51. Referring
to FIG. 4, a fan (see FIG. 6) provided in front of the cool
air intake hole 58 is, for example, a sirocco fan that rotates
in a counterclockwise direction, sucks cold air in the
freezer compartment through the cool air intake hole 58,
and then discharges the cold air in a radial direction. The
cool air is guided by guide partitions 591, 592, 593, and
594 which reduce a flow loss of the cool air and guide a
flowing direction of the air so that the air is distributed
and flows into the cool air outlet pipes 52 located at both
of the upper sides 52-1 and 52-2, both of the central sides
52-3 and 52-4, and both of the lower sides 52-5 and 52-6
of the grill fan. A protrusion provided above the cool air
outlet pipe 52-3 of the grill fan 51 in FIG. 12 is a waterway
groove 512 protruding in the forward direction in a slim
form, and has a structure in which dew condensation that
can be formed on an inner wall of the grill fan 51 is pre-
vented from flowing through the cool air outlet pipes 52-3
and 52-5 while flowing downward. That is, the waterway
groove 512 of the grill fan 51 has a concave groove shape
on a back surface of the grill fan and has a shape inclined
downward from a left to a center so that water droplets
flowing downward from above may fall down. As a result,
the water droplets do not move into the cold air outlet pipe.
[0055] Air discharged into the freezer compartment 40
through the cool air outlet pipes 52 spreads uniformly
inside the freezer compartment and flows to the door
basket 27 of the freezer compartment door 22. Therefore,
the air cooled by the evaporator 77 is uniformly supplied
into the freezer compartment to cool the freezer compart-
ment.
[0056] Meanwhile, referring to FIGS. 3 and 5 to 12, A
TEM accommodating part 53 in which a TEM assembly
100 configured to freeze the very low temperature freezer
compartment 200 at a very low temperature is provided
between the upper right side cool air outlet pipe 52-2 and
the central right side cool air outlet pipe 52-4 at an upper
right portion of the grill fan 51.
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[0057] First, referring to FIGS. 3 and 5, the TEM ac-
commodating part 53 is provided on a front surface of
the grill fan 51 to correspond to a position of the freezer
compartment 40 at which the very low temperature freez-
er compartment 200 is installed. The TEM accommodat-
ing part 53 may be integrally molded with a wall defining
a rear boundary of the freezer compartment 40, which is
one of storage spaces in which cooling is performed by
the refrigeration cycle cooling system 70, that is, with the
grill fan 51, or may be installed via a manner in which the
TEM accommodating part 53 is manufactured and as-
sembled as a separate part from the wall. For example,
the grill fan may be manufactured by injection molding.
In this case, a method of molding a portion corresponding
to the TEM accommodating part 53 may be applied with
the injection molding. On the other hand, when a rear
boundary of the storage space is defined by the inner
case 12 and it is difficult to mold a shape of the TEM
accommodating part 53 in the process of molding the
inner case 12, a method of manufacturing the TEM ac-
commodating part 53 as a separate part and assembling
and fixing the TEM accommodating part 53 to the wall,
as illustrated in FIG. 21, may be applied.
[0058] The TEM accommodating part 53 has a sub-
stantially rectangular parallelepiped shape protruding
and extending forward from the front surface of the grill
fan 51 (the rear of the TEM accommodating part 53 is
open toward the freezer compartment in which the evap-
orator is provided), and a shape thereof when viewed
from the front is a substantially rectangular shape that is
longer vertically than it is horizontally. A grill portion 531
for discharging air cooled by the TEM assembly 100 is
provided at a central portion of the rectangular shape
when viewed from the front, and suction portions 533 are
provided in upper and lower portions thereof. The suction
portions 533 serve as paths for suctioning air outside the
suction portions 533 into an inner space (that is, an inner
space of a rectangular outer peripheral wall defining an
outer shape of the TEM accommodating part 53 and a
space located behind the grill portion 531) of the TEM
accommodating part 53. The inner space of the TEM
accommodating part 53 is a space isolated from the
space provided in front of the grill fan 51 except that the
inner space of the TEM accommodating part 53 is in con-
junction with the space provided in front of the TEM ac-
commodating part 53 through the grill portion 531 and
the suction portion 533.
[0059] In order to prevent the cool air discharged from
the grill portion 531 from being immediately re-introduced
into the suction portion 533 disposed close to the grill
portion 531, a discharge guide 532 having a shape of a
partition extending forward between the grill portion 531
and the suction portion 533 is provided between the grill
portion 531 and the suction portion 533. Providing the
discharge guide 532 only in a range in which the grill
portion 531 and the suction portion 533 are adjacent to
each other is sufficient to prevent the air discharged from
the grill portion 531 from being immediately re-introduced

into the suction portion 533.
[0060] However, when it is desired to further improve
an effect a property in which the cool air discharged from
the grill portion 531 is flows forward, that is, straightness,
the discharge guide 532 preferably has a shape which
entirely surrounds the grill portion 531, as illustrated. A
flow cross section of the discharge guide 532 may be a
square shape as illustrated, but may have a circular
shape like the grill portion 531 or a blade shape of the
fan disposed behind the grill portion. The flow cross sec-
tion shape does not necessarily have a rectangular or
circular flow cross section as long as it can improve
straightness of the cool air while preventing the cool air
discharged from the grill portion from being re-introduced
into the suction portion, and may be modified in various
forms.
[0061] The suction portions 533 are not necessarily
limited to being located at the upper and lower positions
of the cooling fan 190. That is, the suction portions may
be provided on left and right sides of the cooling fan 190,
and the suction portions may be provided at one or more
selected positions of upper, lower, left, and right sides of
the cooling fan.
[0062] As illustrated in FIGS. 6 to 9, the rear of the TEM
accommodating part 53 is open. The TEM assembly 100
is inserted in a forward direction into the TEM accommo-
dating part 53 from behind the grill fan 51 and is accom-
modated therein.
[0063] A sensor mounting part 54 in which a sensor
configured to sense a temperature and humidity of the
very low temperature freezer compartment 200 is in-
stalled is continuously provided at one side of the TEM
accommodating part 53 (see FIGS. 3, 5, and 10). A de-
frosting sensor is provided in the sensor mounting part
54 to determine whether defrosting is required by sensing
a defrosting time of a cold sink 120, which will be de-
scribed below. Preferably, the sensor mounting part is
provided at a position at which a state of the very low
temperature freezing space is expressed when the state
of the very low temperature freezing space is measured.
Since the suction portions according to the embodiment
of the present invention are disposed at the upper and
lower portions of the TEM accommodating part, the sen-
sor mounting part being installed to avoid these positions
is advantageous for a more accurate measurement.
Therefore, in the present invention, the sensor mounting
part 54 is designed to be installed on a side surface of
the TEM accommodating part 53. Further, a through hole
is provided in the sensor mounting part 54 in the forward
direction so that an air atmosphere in front of the sensor
mounting part may be transmitted to an inner space of
the sensor mounting part 54 through the through hole.
[0064] Referring to FIGS. 7 to 11, a small space is
present in the lower portion of the TEM accommodating
part 53 when the TEM assembly 100 is accommodated
therein. The space is the inner space of the TEM accom-
modating part, which is provided behind a suction portion
5332 provided in front of the space, and is a flow path of
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air introduced into the inner space of the accommodating
part through the suction portion 5332. That is, the air
introduced through the suction portion 5332 passes
through the small space provided in the lower portion of
the TEM accommodating part 53, moves upward, and
exchanges heat with the cold sink 120.
[0065] Referring to FIGS. 9 to 11, a drain slope 535
having a shape inclined downward from the suction por-
tion 5332 to a main body of the grill fan 51 is provided at
a bottom surface of the TEM accommodating part 53
behind the suction portion 5332. The drain slope 535
represents the bottom surface of the TEM accommodat-
ing part 53 that is inclined downward. A drain hole 536
is provided at a center of a lower end of the drain slope
535. The cold sink 120 is disposed directly above the
drain slope 535.
[0066] According to the structure, as defrosting is per-
formed on condensed liquid water of the cold sink 120,
water falling from the cold sink 120 falls onto the drain
slope 535, and the water falling onto the drain slope 535
flows downward along the downward inclined surface
and moves to the drain hole 536. Finally, the water is
drained downward along the drain hole 536.
[0067] The drain slope 535 and the drain hole 536 are
provided in a space which is in conjunction with the very
low temperature freezing space. Therefore, the water
which falls from the cold sink 120 and a heat exchange
pin 122 of the cold sink 120 onto the drain slope due to
defrosting may be refrozen on the drain slope in a very
low temperature atmosphere and in the drain hole 536.
[0068] In consideration of this fact, a heating wire 537
is installed on the bottom surface and the drain hole to
prevent the defrosted water from being refrozen. When
the defrosting of the cold sink 120 disposed in the TEM
accommodating part 53 is performed by a defrost sensor
of the sensor mounting part, the water which falls from
the cold sink 120 onto the drain slope 535 may flow along
the inclined surface of the drain slope 535 toward the
drain hole 536 and may be guided to the drain hole 536
without being frozen by heat generated by the heating
wire 537. Further, since the heating wire extends to an
inside of the drain hole 536, the defrosted water which
flows downward along the drain hole 536 is also not fro-
zen and flows downward. The defrosted water which
flows from the drain hole 536 is collected into a drain tray
for the evaporator 77 in the freezer compartment, which
is located behind the shroud, through a hole in the shroud
located under the drain hole. Such a phenomenon in
which water may not be drained in the very low temper-
ature and is refrozen in the drain slope and the drain hole
may be prevented by the heat of the heating wire 537.
[0069] Hereinafter, a method of installing the very low
temperature freezer compartment 200 will be described.
Guide rails 212 extending in forward and backward di-
rections are provided on both ends of the very low tem-
perature case 210 of the very low temperature freezer
compartment 200, as illustrated in FIGS. 3 and 6. Spe-
cifically, each of the guide rails 212 has a shape in which

an upper guide part 212-1 and a lower guide part 212-2,
which are a pair of vertically spaced protrusions, are elon-
gated in the forward and backward directions and pro-
trude laterally. Accordingly, grooves having a shape re-
cessed in the forward and backward directions are pro-
vided between the pair of protrusions. That is, the guide
rails 212 protrude to have a cross section similar to a
bracket shape.
[0070] Meanwhile, as illustrated in FIGS. 2A to 2C, the
rails 15 having a shape corresponding to the recessed
space of the guide rail 212 and extending in the forward
and backward directions and protruding laterally are pro-
vided on side surfaces of the inner case 12 of the freezer
compartment 40 and side surfaces of the partition wall
42. The rails are manufactured separately from the inner
case 12 by injection molding to secure shape accuracy
and strength and may then be installed to be coupled to
an inner surface of the inner case 12. The rails may be
used as pedestal structures when shelves or drawers are
installed. According to the present invention, the very low
temperature freezer compartment may be installed using
the rails. The rails 15 may be attached to an inner wall
of a side surface of the freezer compartment and a side
surface of the partition wall. Each of the rails 15 has a
shape in which an upper rail 15-1 and a lower rail 15-2,
which are a pair of vertically spaced protrusions, are elon-
gated in the forward and backward directions and pro-
trude laterally, and protrudes to have a cross section sim-
ilar to a bracket shape. Rear ends of the upper rail 15-1
and the lower rail 15-2 are connected to each other to
regulate insertion depths of the guide rails 212 of the very
low temperature case. The guide rails 212 and the rails
15 may be fastened to each other so that the lower guide
part 212-2 is mounted on the lower rail 15-2 and the upper
guide part 212-1 is mounted on the upper rail 15-1. Ac-
cording to the structure, since the guide rails 212 are
vertically supported by the rails 15 in two stages, the
guide rails 212 and the rails 15 may be more firmly fixed.
[0071] In this manner, when groove spaces of the
guide rails 212 provided at both of the ends of the very
low temperature case 210 are inserted into the rails 15
provided on the side surfaces of the inner case 12 of the
freezer compartment and the side surfaces of the parti-
tion wall 42 and the very low temperature case 210 is
pushed rearward and fixed, an inner space of the very
low temperature freezer compartment 200 faces the TEM
accommodating part 53 and the sensor mounting part
54, as illustrated in FIGS. 7 to 12. An opening 211 through
which the TEM accommodating part 53 and the sensor
mounting part 54 are inserted is provided in a rear of the
very low temperature case 210 of the very low tempera-
ture freezer compartment 200. An inner circumferential
surface of the opening 211 is fitted to outer circumferen-
tial surfaces of the TEM accommodating part 53 and the
sensor mounting part 54.
[0072] In order to facilitate the fitting of these circum-
ferential surfaces, an inner circumferential surface 534
of the TEM accommodating part 53, the outer circumfer-
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ential surface of the sensor mounting part 54, and the
inner circumferential surface of the opening 211 of the
very low temperature case 210 may be manufactured to
have a shape having a slightly inclined surface that grad-
ually narrows toward a front thereof and gradually widens
toward a rear thereof (see FIGS. 7 to 9). Since a cross-
sectional area of a rear end of the opening of the very
low temperature case is slightly greater than a cross-
sectional area of a front end of each of the TEM accom-
modating part 53 and the sensor mounting part 54 when
the circumferential surfaces have such an inclined sur-
face shape, the TEM accommodating part 53 and the
sensor mounting part 54 are naturally guided into the
opening of the very low temperature case 210 and the
insertion begins at an initial stage of insertion, and the
cross-sectional area of each of the TEM accommodating
part 53 and the sensor mounting part 54 coincides with
the cross-sectional area of the opening 211 of the very
low temperature case, and these parts are firmly fitted
when the insertion is completed.
[0073] The TEM assembly 100 is inserted in the for-
ward direction into the TEM accommodating part 53 from
behind the grill fan assembly 50 and is accommodated
and fixed therein. More particularly, referring to FIGS. 6
to 10, first, on a front side of the TEM accommodating
part 53, an outer circumferential surface of the cooling
fan 190 in the form of a box fan is fixed to a front surface
of the TEM accommodating part 53 by a fastening means
such as a screw in a state in which the outer circumfer-
ential surface of the cooling fan 190 faces an inner cir-
cumferential surface of the TEM accommodating part 53
and a position thereof is regulated. The TEM assembly
100 is inserted in the forward direction from the rear of
the grill fan assembly 50 to be disposed behind the cool-
ing fan 190, and is fastened and fixed to the grill fan as-
sembly 50 by the fastening means such as a screw.
[0074] Only the grill fan 51 may be present or the grill
fan 51 and the shroud 56 may be present in an overlap-
ping form at a portion of the grill fan assembly 50 at which
the TEM assembly 100 is fixed. Alternatively, only the
grill fan may be partially present and the grill fan and the
shroud may be present in the overlapping form at the
remaining portion thereof at a portion of the portion of
the grill fan assembly 50 at which the TEM assembly 100
is fixed. When the TEM assembly 100 is fixed to a portion
at which the grill fan and the shroud overlap by a fixing
means such as a screw or the like, the TEM assembly
100 may be fixed at the same time in a case in which the
grill fan and the shroud are fixed to each other so that
convenience of assembly may be obtained, and the TEM
assembly 100 may be fixed to a more firm point by the
grill fan and the shroud being stacked.
[0075] A spacer 111 extends rearward in the TEM as-
sembly 100, and an end of the spacer 111 is in contact
with the inner case 12. That is, the spacer 111 is sup-
ported by the inner case 12 and functions to support the
TEM assembly 100 to be maintained at a position spaced
forward from the inner case 12. Since the end of the spac-

er 111 is fixed to the inner case 12 as described above,
the TEM assembly 100 is maintained at a position that
is clearly spaced from the inner case 12, and thus heat
radiation efficiency of a heat generating portion of the
TEM assembly 100 is further improved.
[0076] Meanwhile, as will be described below, a flow
path through which the refrigerant passes is provided in
the heat sink 150 of the TEM assembly 100, and an inlet
pipe 151 and an outlet pipe 152 for introduction and dis-
charge of the refrigerant are provided in the heat sink.
Each of the inlet pipe and the outlet pipe of the refrigerant,
which are provided in the heat sink 150 of the TEM as-
sembly in an assembling process of a refrigerator, should
be welded to a refrigerant pipe through which the refrig-
erant flows in the refrigeration cycle cooling system 70
of the refrigerator. Specifically, the inlet pipe 151 may be
connected to a rear end of the condenser, that is, a rear
of an expansion device such as a capillary tube or the
like, and the outlet pipe 152 may be connected to a front
of the evaporator.
[0077] In the TEM assembly 100, since the compo-
nents illustrated in FIG. 13, which will be described below,
are secured and fixed in the form of an assembled module
with a predetermined distance from the inner case 12 by
the spacer 111, a worker may more easily perform a weld-
ing task of the refrigerant pipe in the space secured by
the spacer 111, the grill fan assembly 50 may be installed
in a back portion of the freezer compartment after the
welding task of the refrigerant pipe, and the grill fan as-
sembly and the TEM assembly 100 may be fixed. The
spacer 111 may be fixed to the inner case 12 by a screw
or the like or may be fixed to the inner case 12 via a
method in which a hole provided in the rear of the spacer
111 is fitted to the protrusion protruding from the inner
case 12.
[0078] The very low temperature case 210 has a hous-
ing structure having an opening at the front and the open-
ing 211 formed at a portion of the rear thereof and having
a substantially rectangular parallelepiped shape, and the
guide rails 212 extending in the forward and backward
directions are provided on left and right side surfaces of
the very low temperature case 210 as described above.
The very low temperature case 210 includes an outer
case 213 facing the space of the freezer compartment
and an inner case 214, which is coupled to the outer case
213, inside the outer case 213 and defining a size with
a predetermined size with the outer case 213. The heat
insulating material 80 is provided in the space between
the outer case 213 and the inner case 214 to insulate
heat in a gap between a space inside the very low tem-
perature freezer compartment 200 and the space of the
freezer compartment 40. A foam heat insulating material
81 such as polyurethane or the like may be used as the
heat insulating material, and the foam heat insulating ma-
terial functions to fix the outer case and the inner case
in addition to a function of heat insulation. The space
between the outer case 213 and the inner case 214 may
be filled with the heat insulating material through a foam
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inlet 218 (see FIG. 6) provided in the rear of the very low
temperature case 210. After injection, the foam inlet 218
may be closed with a lid (not illustrated) or the like. A
vacuum insulated panel 82 having better insulation effi-
ciency may be further applied to a wall of the very low
temperature case which should have a thin thickness.
[0079] The open front of the very low temperature case
210 is opened and closed by the very low temperature
compartment door 220. The very low temperature com-
partment door 220 has a space with a predetermined
size thereinside, and the heat insulating material is pro-
vided in the space to insulate heat in a gap between the
space inside the very low temperature freezer compart-
ment 200 and the space of the freezer compartment 40.
The very low temperature compartment door 220 may
preferably have a certain level of thickness for a grip feel-
ing of a user, and the foam heat insulating material may
be foamed in an inside of a hollow to secure rigidity.
[0080] A very low temperature tray 226 accommodat-
ed in an inner space of the very low temperature case
210 is fixedly installed at the rear of the very low temper-
ature compartment door 220. The very low temperature
tray 226 may be configured to move integrally with the
very low temperature compartment door 220. When the
very low temperature compartment door 220 is with-
drawn in the forward direction, the very low temperature
tray 226 may be slid and withdrawn in the forward direc-
tion from the very low temperature case 210. The very
low temperature compartment door 220 may be guided
by an outer rail provided on a lower or bottom surface of
the very low temperature case 210, and may be slid for-
ward and backward.
[0081] An open groove 227 having a shape which is
open to allow cool air to flow into the very low temperature
tray 226 when the cool air cooled in the TEM assembly
100 is introduced into the open groove 227 in the forward
direction by the cooling fan 190 is provided at a rear wall
of the very low temperature tray 226. The shape of the
open groove 227 corresponds to that of the TEM accom-
modating part 53, as illustrated in FIGS. 8 and 12. When
the very low temperature freezer compartment 200 is in-
stalled in the freezer compartment 40, the open groove
227 faces the TEM accommodating part 53 so that low
temperature cool air supplied forward from the TEM ac-
commodating part 53 by the cooling fan 190 may be
smoothly introduced into an inner space of the very low
temperature tray 226.
[0082] Meanwhile, referring to FIG. 7, an upper surface
of the very low temperature case 210 is slightly spaced
apart from a bottom surface of an upper member of the
inner case 12, that is, a sealing surface. According to the
present invention, the upper surface of the very low tem-
perature case 210 and the bottom surface of the upper
member of the inner case 12 cooperate with each other
to implement a structure like a duct, and accordingly, air
discharged from the cool air outlet pipe 52-2 at an upper
end of the grill fan 51 is guided forward along a structure
such as the above-described duct and flows smoothly.

Therefore, even when the very low temperature case 210
is installed, cool air may also smoothly reach the door
basket 27 provided in an upper portion of an inside of the
freezer compartment door 22.
[0083] A thickness of an upper wall of the very low tem-
perature case 210 should be made thin to implement a
structure like the above-described duct. That is, the thick-
ness of the upper wall of the very low temperature case
210 should be made thin so that an inner volume of the
very low temperature case may be secured and a struc-
ture like the duct may be implemented. In this respect,
in the present invention, the thickness of the upper mem-
ber of the very low temperature case is made thin by
foaming the foam heat insulating material 81 in the re-
maining space in a state in which the vacuum insulated
panel 82 is embedded inside the upper member of the
very low temperature case. The foam heat insulating ma-
terial functions to fill the space inside between the outer
case and the inner case which are not filled by the vacuum
insulated panel, and functions to further improve a
mounting force of the outer case and the inner case as
well as heat insulation.
[0084] In addition, since the cool air outlet pipe 52-4
located near a center of a height of the grill fan 51 is
disposed below the very low temperature case 210, the
cool air discharged through the cool air outlet pipe 52-4
may also smoothly flow forward.

[Structure and Installation Structure of TEM Assembly]

[0085] FIG. 13 is an exploded perspective view of the
TEM assembly according to the present invention.
[0086] The TEM assembly 100 is an assembly in which
the cold sink 120, the thermoelectric element 130, the
heat insulating material 140, and the heat sink 150 are
stacked and installed in a module housing 110 to form a
module.
[0087] The thermoelectric element 130 is an element
using a Peltier effect. The Peltier effect refers to a phe-
nomenon in which, when a direct current (DC) voltage is
applied to ends of two different elements, heat is ab-
sorbed on one side and is generated on the other side
according to a direction of the current.
[0088] The thermoelectric element has a structure in
which an N-type semiconductor material in which elec-
trons are main carriers and a P-type semiconductor ma-
terial in which holes are main carriers are alternately con-
nected in series. An electrode portion for allowing a cur-
rent to flow from the P-type semiconductor material to
the N-type semiconductor material is disposed on a first
surface relative to any one direction in which the current
flows, and an electrode portion for allowing a current to
flow from the N-type semiconductor material to the P-
type semiconductor material is disposed on a second
surface. Therefore, when the current is supplied in a first
direction, the first surface is a heat-absorbing surface
and the second surface is a heat-generating surface, and
when the current is supplied in a second direction oppo-
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site the first direction, the first surface is the heat-gener-
ating surface and the second surface is the heat-absorb-
ing surface.
[0089] According to the present invention, since the
TEM assembly 100 is inserted in the forward direction
from the rear of the grill fan assembly 50 and fixed and
the very low temperature freezer compartment 200 is pro-
vided in front of the TEM assembly 100, heat may be
absorbed at a surface forming the front of the thermoe-
lectric element, that is, a surface facing the very low tem-
perature freezer compartment 200, and heat may be gen-
erated at a surface forming the rear of the thermoelectric
element, that is, a surface facing opposite the very low
temperature freezer compartment 200 or a surface op-
posite in a direction in which the very low temperature
freezer compartment 200 is viewed. When current is sup-
plied in the thermoelectric element in the first direction
such that heat is absorbed at the surface facing the very
low temperature freezer compartment and heat is gen-
erated at the surface opposite thereto, the very low tem-
perature freezer compartment may be cooled.
[0090] In the embodiment of the present invention, the
thermoelectric element 130 has the same shape as a flat
plate having a front surface and a rear surface, and, for
example, the front surface is a heat-absorbing surface
130a and the rear surface is a heat-generating surface
130b. DC power supplied to the thermoelectric element
130 causes the Peltier effect, and thus heat of the heat-
absorbing surface 130a of the thermoelectric element
130 moves toward the heat-generating surface 130b.
Therefore, the front surface of the thermoelectric element
130 is a cold surface and a rear surface thereof is a heat-
generating portion. That is, the Peltier effect causes heat
inside the very low temperature freezer compartment 200
is discharged outside the very low temperature freezer
compartment 200. Power supplied to the thermoelectric
element 130 may be applied to the thermoelectric ele-
ment through conducting wires 132 provided in the ther-
moelectric element 130.
[0091] The cold sink 120 is stacked on the front surface
of the thermoelectric element 130, that is, on the heat-
absorbing surface 130a facing the very low temperature
freezer compartment 200 to be in contact therewith. The
cold sink 120 may be made of a metal material such as
aluminum having a high thermal conductivity or an alloy
material, and a plurality of heat exchange pins 122 ex-
tending in a vertical direction are formed on a front sur-
face of the cold sink 120 to be spaced apart from each
other. The heat exchange pins 122 are preferably elon-
gated vertically and continuously extended without
breaking. This is to secure a property in which water melt-
ed in the cold sink during defrosting of the cold sink 120
flows smoothly along a continuous form of the heat ex-
change pins extending vertically in the direction of grav-
ity. The heat exchange pins 122 preferably have enough
of an interval to prevent a downward flow of water formed
between two adjacent heat exchange pins 122 due to
surface tension.

[0092] Air inside the very low temperature freezer com-
partment flows and performs a heat exchange in the cold
sink 120 attached to the heat-absorbing surface of the
thermoelectric element. A phenomenon in which mois-
ture contained in air is frozen on a colder surface of the
cold sink when food is cooled inside the very low tem-
perature freezer compartment occurs. In order to remove
such frozen water, power is applied in a current supplying
direction, that is, in the above-described second direction
opposite the first direction. The heat-absorbing surface
and the heat-generating surface of the thermoelectric el-
ement 130 are changed relative to the case in which the
power is applied in the first direction. Accordingly, a sur-
face of the thermoelectric element in contact with the
heat sink acts as the heat-absorbing surface and a sur-
face of the thermoelectric element in contact with the cold
sink acts as the heat-generating surface. Therefore, the
frozen water which was frozen in the cold sink is melted
and flows downward in the direction of gravity, and thus
defrosting is performed. That is, according to the present
invention, when condensation occurs in the cold sink 120
and defrosting is required, defrosting may be performed
by applying a current in the second direction opposite
the first direction, which is a direction of a current applied
to cause a very low temperature cooling action.
[0093] The heat sink 150 is stacked to be in contact
with the rear surface of the thermoelectric element 130,
that is, on the heat-generating surface 130b which is op-
posite the direction in which the very low temperature
freezer compartment 200 is disposed. The heat sink 150
is configured to rapidly dissipate or discharge heat gen-
erated on the heat-generating surface 130b by the Peltier
effect, and a portion corresponding to the evaporator 77
of the refrigeration cycle cooling system 70 used for cool-
ing the refrigerator may be configured as the heat sink
150. That is, when a process in which a low-temperature
and low-pressure liquid refrigerant passing through the
expansion device 75 in the refrigeration cycle absorbs
heat or evaporates while absorbing heat is performed in
the heat sink 150, the heat generated on the heat-gen-
erating surface 130b of the thermoelectric element 130
is absorbed by the refrigerant in the refrigeration cycle
or is absorbed while the refrigerant is evaporated, and
thus the heat of the heat-generating surface 130b may
be immediately cooled.
[0094] Since the above-described cold sink 120 and
the heat sink 150 are stacked by the thermoelectric ele-
ment 130 having a flat shape being interposed therebe-
tween, it is necessary to isolate heat therebetween.
Therefore, the heat insulating material 140, which sur-
rounds a periphery of the thermoelectric element 130 and
fills a gap between the cold sink 120 and the heat sink
150, is stacked on the TEM assembly 100 of the present
invention. That is, an area of the cold sink 120 is greater
than that of the thermoelectric element 130, and is sub-
stantially the same as that of each of the thermoelectric
element 130 and the heat insulating material 140. Simi-
larly, an area of the heat sink 150 is greater than that of
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the thermoelectric element 130, and is substantially the
same as that of each of the thermoelectric element 130
and the heat insulating material 140.
[0095] Meanwhile, sizes of the cold sink 120 and the
heat sink 150 are not necessarily the same as each other,
and the heat sink 150 may be configured to be larger to
effectively discharge heat.
[0096] However, according to the present invention,
the refrigerant of the refrigeration cycle cooling system
70 flows through the heat sink so that the heat of the heat
sink 150 is instantly, reliably, and efficiently discharged,
and the refrigerant is evaporated in the heat sink and
rapidly absorbs the heat from the heat-generating sur-
face of the thermoelectric element 130 as vaporization
heat by allowing the flow path of the refrigerant to be
disposed over the entire area of the heat sink. That is,
the heat sink illustrated in the present invention is de-
signed to have a size sufficient to immediately absorb
and discharge heat generated by the thermoelectric el-
ement, and the cold sink may have a size smaller than
the above size. However, in the present invention, it
should be noted that heat exchange efficiency at the cold
sink is further increased by the size of the cold sink being
increased in consideration of a heat exchange between
a gas and a solid being performed at the cold sink and a
heat exchange between a liquid and a solid being per-
formed at the heat sink. In the embodiment of the present
invention, in order to increase the size of the cold sink,
the cold sink is illustrated as being designed to have a
size corresponding to that of the heat sink in considera-
tion of compactness of the TEM assembly. However, the
cold sink may be configured to be larger than the heat
sink to further increase heat exchange efficiency of the
cold sink.
[0097] The cold sink 120, the thermoelectric element
130, the heat insulating material 140, and the heat sink
150 are inserted and fixed into an accommodating groove
113 of the module housing 110 in a state in which they
are closely stacked by a tightening means such as a
screw. A flange 112 having an outwardly extending
shape is provided at an edge of a front end of the accom-
modating groove 113 of the module housing 110. The
flange 112 is a portion in which the TEM assembly 100
is closely fixed to the grill fan assembly 50.
[0098] Hereinafter, an installation structure of the TEM
assembly 100 will be described in detail with reference
to FIGS. 16A to 17B. FIGS. 16A and 16B are cross-sec-
tional views taken along line I-I of FIG. 6, and FIGS. 17A
and 17B are enlarged perspective views of a portion J of
FIG. 8 when viewed from the rear.
[0099] As described above, the grill fan assembly 50
includes the TEM accommodating part 53 which accom-
modates the TEM assembly 100. The TEM accommo-
dating part 53 is provided in a shape protruding forward
from the grill fan 51, and the TEM assembly 100 is fitted
into the TEM accommodating part 53 behind the grill fan
assembly.
[0100] Referring to FIG. 16A, a portion of the shroud

56 overlaps the rear of the TEM accommodating part 53
of the grill fan 51. More particularly, an abutting surface
561 of the shroud abuts and is fixed to the rear surface
of the grill fan 51 which surrounds the TEM accommo-
dating part 53. A TEM insertion hole 563 is provided
around an inner edge of the abutting surface 561 of the
shroud, and a portion opened by the TEM insertion hole
563 is a path which is in conjunction with the inner space
of the TEM accommodating part 53 behind the grill fan
assembly 50.
[0101] Referring to FIG. 17A, the above-described
TEM assembly 100 is fixed at a position at which the rear
surface of the grill fan 51 and the abutting surface 561
of the shroud 56 overlap. Generally, the grill fan 51 and
the shroud 56 are made of an injection molded synthetic
resin, and are manufactured in a plate form. The synthetic
resin in a plate form is sufficient as a structure for parti-
tioning a space. However, there is a concern that rigidity
may be insufficient to fix a specific structure on a corre-
sponding plate. However, according to the present in-
vention, since the TEM assembly 100 is fixed at a position
at which the rear surface of the grill fan 51 and the abutting
surface 561 of the shroud overlap, rigidity for fixing and
supporting the TEM assembly 100 may be sufficiently
secured.
[0102] As a modified example, the TEM assembly 100
illustrated in each of FIGS. 16B and 17B may be in direct
contact with the rear surface of the grill fan and fixed
thereto. In the modified example, a structure in which the
flange 112 of the TEM assembly 100 is directly fixed to
the rear surface of the grill fan 51 is illustrated.
[0103] A rear rib 511 extending rearward is provided
on the rear surface of the grill fan 51. The rear rib 511 is
provided on an outer periphery of the rear surface of the
grill fan 51 slightly spaced apart from the TEM accom-
modating part 53. More particularly, the rear rib 511 is
formed at the position at which the rear surface of the
grill fan and the abutting surface 561 of the shroud over-
lap, or is formed at a side farther outward from the TEM
accommodating part 53 than a position at which the TEM
assembly 100 is installed.
[0104] In addition, similarly, a rib abutting surface 562
extending rearward to come into contact with the inner
surface of the rear rib 511 is provided on an outer cir-
cumferential surface of the abutting surface 561 of the
shroud. That is, the abutting surface 561 and the rib abut-
ting surface 562 are bent to form a stepped shape. There-
fore, the abutting surface 561 of the shroud and the rib
abutting surface 562 are brought into contact with the
rear surface of the grill fan 51 and the rear rib 511 in an
L shape.
[0105] In the rear rib 511 and the rib abutting surface
562, rigidity may be further secured due to a character-
istic of the stepped shape and assembly of the TEM as-
sembly 100 fixed to a rear surface of the abutting surface
561 of the shroud may be further facilitated. That is, when
an outer edge of the flange 112 provided in the module
housing 110 of the TEM assembly 100 is manufactured
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to be merged to some extent, that is, slightly, with an
inside of the rib abutting surface 562, an outer circum-
ferential surface of the flange 112 of the TEM assembly
100 is loosely fitted into the stepped shape by the rib
abutting surface 562 when the TEM assembly 100 is fixed
to the grill fan assembly 50, and thus the TEM assembly
100 may be easily fixed to the grill fan assembly 50 while
accurately regulating a position of the TEM assembly
100. As illustrated in FIGS. 10, 17A, and 17B, when a
bent surface 112a is provided to extend rearward from
the outer edge of the flange 112, the bent surface 112a
comes into contact with an inner circumferential surface
of the rib abutting surface 562, and thus the position
thereof is more securely regulated and rigidity of the
flange 112 is reinforced.
[0106] The above-described spacer 111 may be fixed
to the inner case 12 by a fixing means such as a screw
or using a groove-boss press-fit method in a state in
which the spacer 111 extends rearward from the flange
112 and comes into contact with the inner case 12 of the
refrigerator main body 10. Therefore, the module housing
110 firmly fixes the TEM assembly 100 to both the grill
fan assembly 50 and the inner case 12. Since the spacer
111 of the module housing 110 fixes the TEM assembly
100 in a state of being spaced apart from the inner case
12, heat radiation efficiency of the heat sink is increased
and a working space sufficient for welding the inlet pipe
and the outlet pipe of a refrigerant passing through the
thermoelectric element to the refrigerant pipe of the re-
frigeration cycle cooling system 70 is secured, as de-
scribed above.
[0107] The cooling fan 190 installed at a front-most por-
tion of the TEM assembly 100 may be configured sepa-
rately from the TEM assembly 100 by being fastened and
fixed to the TEM accommodating part 53 of the grill fan
51, as in the embodiment of the present invention illus-
trated in the drawing, or may become one component of
the TEM assembly 100 by being integrated with the TEM
assembly 100 in such a manner that the cooling fan 190
is fixed to the cold sink 120 at a predetermined interval
by a fastening means such as a screw. When the cooling
fan 190 is rotated, the cooling fan 190 pressurizes air
and allows the air to flow toward a front side, that is,
toward the very low temperature freezer compartment
200. Therefore, air behind the cooling fan 190 is dis-
charged forward by the cooling fan 190 so that a space
behind the cooling fan 190 is re-filled with air in the very
low temperature freezer compartment 200. Air re-filled
in the TEM accommodating part 53 exchanges heat with
the cold sink 120 and is cooled to a very low temperature.
[0108] According to the refrigerator having the very low
temperature freezer compartment according to the
present invention, the thermoelectric element 130 and
the heat sink 150 of the TEM assembly 100 are disposed
further rearward from a surface of the grill fan 51 forming
the rear wall of the freezer compartment 40, and thus the
heat generated in the thermoelectric element 130 may
be intrinsically blocked from being introduced into the

freezer compartment 40.
[0109] Referring to FIGS. 7, 10, and 16A to 17B, the
space of the freezer compartment 40 is defined as a front
space of the grill fan 51, and the very low temperature
freezer compartment 200 is defined as an inner space
distinguished by the grill fan 51, the very low temperature
case 210, and the very low temperature compartment
door 220. The TEM assembly 100 of the present inven-
tion is disposed at the rear of the very low temperature
case 210. Specifically, the thermoelectric element 130
and the heat insulating material 140 of the TEM assembly
100 and the heat sink 150 located behind the heat insu-
lating material 140 are located further rearward from a
rear cross section (D-D of FIGS. 7 and 10) of the freezer
compartment 40 defined by the grill fan 51. That is, the
thermoelectric element 130 and the heat sink 150 located
behind the thermoelectric element 130 are located be-
tween the rear of the grill fan 51 and the inner case 12.
More particularly, the thermoelectric element 130 and
the heat sink 150 located behind the thermoelectric ele-
ment 130 are located behind the grill fan and are disposed
in a heat exchange space (the freezer compartment
which is a space defined separately from the freezer com-
partment) including an evaporator 77a.
[0110] According to an arrangement position of the
TEM assembly 100, the heat generated in the heat-gen-
erating surface 130b and the heat sink 150 is fundamen-
tally blocked from affecting a temperature of the space
of the freezer compartment 40, and thus heat loss of the
inner space of the freezer compartment 40 due to the
thermoelectric element 130 may be prevented. That is,
in the present invention, the TEM assembly 100 is in-
stalled in a space separated from the very low tempera-
ture freezer compartment installed in the freezer com-
partment by the TEM assembly 100 being installed be-
hind the grill fan 51, which is a wall separating the freezer
compartment from the freezer compartment, and thus
heat loss of the freezer compartment may be prevented
while very low temperature cooling is smoothly per-
formed.
[0111] The accommodating groove 113 of the module
housing 110 is provided to extend rearward relative to
the flange 112. The flange 112 is fixed to the grill fan 51
defining a rear surface of the freezer compartment with
the shroud 56 interposed therebetween. However, as de-
scribed above, the thermoelectric element and the heat
sink of the TEM assembly are preferably disposed in a
separate space from the freezer compartment.
[0112] Accordingly, in the present invention, the ac-
commodating groove 113 is formed to extend rearward
relative to the flange 112, configurations of the assembly
are accommodated in the accommodating groove 113 in
the order of the heat sink, the thermoelectric element,
and the cold sink, and thus the heat sink and the ther-
moelectric element are located at a rear of the space
defined as the freezer compartment.
[0113] In contrast to the arrangement of the thermoe-
lectric element and the heat sink, the very low tempera-
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ture freezer compartment 200 is disposed inside the
freezer compartment. The cold sink 120 of the TEM as-
sembly 100 is also disposed in front of the rear cross
section (D-D of FIGS. 7 and 10) of the freezer compart-
ment 40. The cold sink 120 may be disposed in front of
the rear cross section of the freezer compartment as a
portion colder than the freezer compartment, and is pref-
erably disposed as close as possible to the very low tem-
perature freezer compartment 200 in terms of cooling of
the very low temperature freezer compartment.
[0114] That is, according to the present invention, the
very low temperature freezer compartment 200 and the
cold sink 120 are disposed in front of the rear cross sec-
tion of the freezer compartment defined by the grill fan,
that is, in the freezer compartment, and the thermoelec-
tric element 130 and the heat sink 150 are disposed be-
hind the rear cross section of the freezer compartment,
that is, in the freezer compartment.
[0115] FIG. 14 is a front perspective view illustrating a
modified example of the TEM assembly according to the
present invention, and FIG. 15 is a rear perspective view
of the modified example of FIG. 14.
[0116] The modified example illustrated in FIGS. 14
and 15 is different from the TEM assembly of FIG. 13 in
that two spacers 111 are provided at an upper portion of
the TEM assembly. That is, according to the modified
example, since there are three spaces which are not dis-
posed in a straight line, a space fixing force for the inner
case 12 may be further secured in comparison with the
TEM assembly including only two spacers above and
below.
[0117] Further, according to the modified example,
holes or grooves are provided in the rear of the spacer,
and protrusions which may be fitted to such holes or
grooves are provided at the inner case 12 so that the
spacer 111 may be fixed to the inner case 12 in a groove-
boss press-fit method, which makes installation more
convenient. This method may be a simpler method than
a method of fastening the spacer and the inner case with
a screw through a screw hole of the spacer 111 illustrated
in FIGS. 17A and 17B.
[0118] Meanwhile, the very low temperature freezer
compartment 200 may be installed in the refrigerator
compartment 30. Referring to FIG. 21, a wall defining the
rear boundary of the storage space of the refrigerator
compartment 30 may be the inner case 12. Further, al-
though not illustrated, a multi-duct for uniformly distrib-
uting cold air to the refrigerator compartment may form
at least a portion of the wall defining the rear boundary
of the storage space of the refrigerator compartment.
[0119] The space between the inner case 12 and the
outer case 11 may be filled with a foam heat insulating
material, and thus a space in which the thermoelectric
module 100 may be disposed may be secured when the
foam heat insulating material is foamed. The drain hole
536 through which defrosted water may be drained is
formed when the foam heat insulating material is foamed.
In addition, the refrigerant pipe connected to the heat

sink 150 of the TEM assembly 100 may be filled with the
foam heat insulating material while being embedded
therein. Similarly, the embedded refrigerant pipe may be
connected to the refrigerant inlet pipes 151 and 152 of
the heat sink 150 by welding or the like in the process of
installing the TEM assembly 100.
[0120] The flange 112 of the module housing 110 may
be fixed to a front surface of the inner case 12 in the
process of disposing the TEM assembly 100 at a proper
position. The TEM accommodating part 53 manufactured
with a separate part may be fixed to the front surface of
the inner case 12. In this case, the TEM accommodating
part 53 and the flange 112 of the module housing 110
may be fixed to the inner case 12 to overlap each other
as illustrated. Although not illustrated, the TEM accom-
modating part 53 and the flange 112 of the module hous-
ing 110 may be fixed to the inner case 12 so as not to
overlap each other. The TEM accommodating part 53 is
integrated by being fixed to the inner case 12.
[0121] A rear surface 211-1 (see FIG. 6) of the very
low temperature case 210 of the very low temperature
freezer compartment 200 may be in close contact with
the front of the inner case 12, which is a wall defining a
rear surface of the storage space. The rear surface 211-1
being in close contact with the inner case includes all of
a case in which the rear surface of the very low temper-
ature case is in direct contact with the front surface of
the inner case, a case in which the rear-surface of the
very low temperature case is in direct contact with a sur-
face of the TEM accommodating part 53 installed on the
front surface of the inner case to come into contact the
inner case, and the like.
[0122] An inner circumferential surface 211a of the
opening 211 provided in the rear surface of the very low
temperature case 210 may be in close contact with the
outer circumferential surface 534 of the TEM accommo-
dating part 53.
[0123] Even with the above-described structure, the
thermoelectric element 130 and the heat sink 150 of the
TEM assembly 100 are disposed further rearward from
the wall (the inner case 12) defining the rear boundary
D-D of the storage space (the refrigerator compartment
30) cooled by the refrigeration cycle cooling system, and
thus the heat exchange pin 122 of the cold sink 120 is
located in front of the rear boundary D-D while an influ-
ence of the heat generated in the TEM assembly 100 on
the refrigerator compartment 30 is minimized so that
cooling efficiency of the very low temperature freezer
compartment 200 may be maintained to be high.

[Refrigeration Cycle Cooling System for Implementing 
Extremely Low Temperature of Very Low Temperature 
Freezer Compartment]

[0124] FIG. 18 is a view illustrating a refrigeration cycle
applied to the refrigerator according to the present inven-
tion, and FIG. 19 is a view illustrating another embodi-
ment of the refrigeration cycle applied to the refrigerator
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according to the present invention.
[0125] The refrigeration cycle cooling system 70 of the
refrigerator according to the present invention is a device
configured to discharge heat inside the freezer compart-
ment outside the refrigerator via a refrigerant passing
through a thermodynamic cycle of evaporation, compres-
sion, condensation, and expansion. The refrigeration cy-
cle cooling system of the present invention includes the
evaporator 77 in which a liquid phase refrigerant in a low-
pressure atmosphere is evaporated by exchanging heat
with air in the freezer compartment (the space between
the grill fan assembly and the inner housing), the com-
pressor 71 in which a gaseous refrigerant vaporized in
the evaporator is pressurized and is discharged as a high
temperature and high pressure gaseous refrigerant, the
condenser 73 in which the high-temperature and high-
pressure gaseous refrigerant discharged from the com-
pressor exchanges heat with air outside the refrigerator
(the machine compartment), is condensed, and heat is
discharged therefrom, and the expansion device 75 such
as a capillary tube in which the refrigerant condensed in
the condenser 73 is lowered to be in a low temperature
atmosphere. A low-temperature and low-pressure refrig-
erant in the liquid phase whose pressure is lowered in
the expansion device 75 is introduced back into the evap-
orator.
[0126] According to the present invention, since the
heat of the heat sink 150 of the TEM assembly 100 should
be rapidly cooled, before a low-temperature and low-
pressure refrigerant in the liquid phase whose pressure
and temperature are lowered is introduced into the evap-
orator 77 after passing through the expansion device 75,
the refrigerant is configured to first pass through the heat
sink 150 of the TEM assembly 100.
[0127] FIG. 20 is an enlarged perspective view illus-
trating a state in which a refrigerant pipe behind a capil-
lary tube of a refrigeration cycle and a capillary tube in
front of an evaporator are connected to the refrigerant
inlet pipe 151 and the refrigerant outlet pipe 152 of the
TEM assembly fixed to the grill fan assembly, respec-
tively. As illustrated in FIG. 20, the refrigerant inlet pipe
151, which is exposed to behind the module housing
through an open hole provided at a lower portion of the
module housing 110 of the TEM assembly 100, and more
particularly, at a lower portion of the accommodating
groove, is connected to a refrigerant pipe of a refrigera-
tion cycle passing through an expansion device such as
a capillary tube. The refrigerant outlet pipe 152 exposed
behind the module housing is connected to a refrigerant
pipe introduced into the evaporator. Therefore, a refrig-
erant passing through the capillary tube is introduced into
the heat sink 150 through the refrigerant inlet pipe 151
to cool or absorb heat of the heat-generating surface of
the thermoelectric element 130, and passes through the
refrigerant outlet pipe 152 to be introduced into the evap-
orator 77.
[0128] The liquid phase refrigerant passes through the
heat sink 150 while rapidly absorbing heat generated by

the heat-generating surface 130b of the thermoelectric
element 130 via the heat sink 150 using a heat conduction
method. Therefore, the heat of the heat sink 150 is rapidly
cooled by the refrigerant circulating through the heat sink.
[0129] This process will be described in detail with ref-
erence to FIG. 18. The compressor 71 pressurizes the
low-temperature and low-pressure gaseous refrigerant
to discharge a high-temperature and high-pressure gas-
eous refrigerant. Heat is generated in the condenser 73
and the refrigerant is condensed, that is, is liquefied. As
described above, the compressor 71 and the condenser
73 are disposed in the machine compartment of the re-
frigerator.
[0130] The high-temperature and high-pressure liquid
refrigerant which is passed through the condenser 73
and liquefied is introduced into the evaporator 77 while
being depressurized through the expansion device 75
such as a capillary tube. In the evaporator 77, the refrig-
erant absorbs the surrounding heat and evaporates. Ac-
cording to the embodiment of the present invention illus-
trated in FIG. 18, the refrigerant passing through the con-
denser 73 is branched to a refrigerator compartment
evaporator 77b or a freezer compartment evaporator
77a. In this case, the heat sink 150 of the TEM assembly
100 is provided in front of the freezer compartment evap-
orator 77a on a flow path of the refrigerant and is disposed
behind the expansion device 75.
[0131] The very low temperature freezer compartment
200 is a space in which a temperature of -50 °C should
be maintained, and the heat-generating surface 130b of
the thermoelectric element 130 should be maintained to
be very cool so that the heat-absorbing surface 130a is
smoothly maintained to be cooler than the heat-generat-
ing surface 130b. Therefore, the heat sink 150 through
which the refrigerant passes is disposed in front of the
freezer compartment evaporator 77a on the flow path of
the refrigerant so that a coldest state may be maintained.
Specifically, since the heat sink 150 is in direct contact
with the thermoelectric element 130 and absorbs the heat
generated by the thermoelectric element 130 via a heat
conductor such as a metal in a conductive manner, the
heat-generating surface 130b of the thermoelectric ele-
ment 130 may be reliably cooled.
[0132] Meanwhile, when it is desired that the very low
temperature freezer compartment 200 be used at a tem-
perature of -20 °C like a typical freezer compartment with-
out being cooled at a very low temperature of -50 °C, the
very low temperature freezer compartment 200 may be
used as a general freezer compartment only by not sup-
plying power to the thermoelectric element 130. In this
case, when power is not applied to the thermoelectric
element 130, heat absorption and heat generation do not
occur in the heat sink of the thermoelectric element.
Therefore, the refrigerant passing through the heat sink
150 is introduced into the freezer compartment evapo-
rator 77a in as a liquid refrigerant that does not absorb
heat and is not evaporated.
[0133] A hole through which defrosted water generat-
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ed by the above-described defrosting of the cold sink 120
is drained, that is, the drain hole 536, is provided in the
TEM accommodating part 53 and is in conjunction with
the space between the grill fan 51 and the shroud 56
and/or the space between the grill fan assembly 50 and
the inner case 12. Therefore, when the cooling fan 190
is operated without power being supplied to the thermo-
electric element 130, cool air in the space between the
grill fan 51 and the shroud 56 and/or the space between
the grill fan assembly 50 and the inner case 12 maybe
introduced into the TEM accommodating part 53 and dis-
charged into the very low temperature freezer compart-
ment 200 by the cooling fan 190. Further, in order to
promote introduction of cool air in the space between the
grill fan 51 and the shroud 56 and/or the space between
the grill fan assembly 50 and the inner case 12 into the
TEM accommodating part 53, an additional fan (not illus-
trated) may be further provided. In addition, a damper
structure may be added in order to selectively supply air
cooled by the refrigeration cycle cooling system 70 when
the very low temperature freezer compartment is used
as a general freezer compartment.
[0134] That is, cool air generated in a refrigeration cy-
cle cooling system using a general compression method
is supplied to the freezer compartment and the refriger-
ator compartment of the refrigerator of the present inven-
tion. When the very low temperature freezer compart-
ment is operated, the refrigerant passing through the ex-
pansion device 75 passes through the heat sink 150 of
the TEM assembly 100, rapidly absorbs the heat gener-
ated in the heat-generating surface of the thermoelectric
element 130, rapidly discharges the heat generated in
the heat-generating surface of the thermoelectric ele-
ment 130, and then enters the evaporator 77a.
[0135] The refrigeration cycle cooling system 70 in
FIG. 19, which is a modified example of the refrigeration
cycle cooling system in FIG. 18, is different from the re-
frigeration cycle cooling system 70 illustrated in FIG. 18
in that the refrigeration cycle cooling system 70 has a
structure in which cooling is performed in the freezer com-
partment and the refrigerator compartment using one
evaporator 77 without a separate evaporator 77b for the
refrigerator compartment. That is, there is no difference
between the refrigeration cycle structure of FIG. 19 and
that of FIG. 18 except that there is no need for a three-
way valve, a backflow prevention valve, or the like, and
there is no branch portion of the expansion device 75
and the evaporator 77b on the refrigerating compartment.
That is, according to the present invention, even in the
case of a refrigeration cycle in which cooling is performed
using one evaporator 77, the refrigerant is disposed so
as to pass through the heat sink 150 of the TEM assembly
100 and exchange heat therewith at a position corre-
sponding to the front of the evaporator 77 or a rear of the
expansion device 75, and thus the cooling of the heat-
generating surface 130b of the thermoelectric element
130 may be performed with the highest priority.

[Operation of Very Low Temperature Freezer Compart-
ment]

[0136] The very low temperature freezer compartment
200 may store food at a temperature lower than -20 °C,
which is a temperature of a general freezer compartment,
and may be cooled down to a temperature of -50 °C.
However, such an extremely low temperature is intended
to generate a quenching environment to prevent water
from being drained from cells or separating the cells, as
described above, and a storage temperature may be
higher than the temperature of the quenching environ-
ment (-50 °C) after being quenched once.
[0137] Therefore, storing food after the food is
quenched at the temperature of the quenching environ-
ment may result in energy consumption being increased.
Therefore, in the present invention, food may be
quenched at a temperature of -50 °C at the beginning of
cooling and then maintained at a slightly higher temper-
ature (e.g., -45 to 40 °C) than the temperature of -50 °C,
and thus power consumption may be reduced while
freshness of a stored product is maintained.
[0138] Such operating conditions may be changed in
various ways. For example, food may be quenched at a
temperature of -50 °C at the beginning and then main-
tained at a slightly higher temperature (e.g., -35 to 30 °C)
than the temperature of -50 °C, and thus freshness of a
stored product may be secured through the quenching,
cooling time may be reduced, and power consumption
may be further reduced.
[0139] Further, the very low temperature freezer com-
partment may be operated using a concept of a fresh
compartment in which an initial quenching temperature
is set to about -35 °C without setting a temperature of
-50 °C, and then the temperature is continuously main-
tained at about - 35 °C.
[0140] An operation mode may be selected by a user.
The selection of a very low temperature may be attributed
to a characteristic of the TEM. That is, in a cooling method
of a compressor and a refrigerant, it is difficult to abruptly
change an operation mode and to finely control a tem-
perature. However, since the TEM may finely control the
temperature of the very low temperature freezer com-
partment according to a current applied thereto, the
above-described various operation modes are possible.

[Arrangement and Operation of TEM Assembly]

[0141] The TEM assembly 100 is accommodated in
the TEM accommodating part 53 provided in the grill fan
assembly 50. The cooling fan 190 is provided in front of
the TEM assembly 100 in the TEM accommodating part.
The cooling fan 190 is closely fixed to a rear surface of
a front surface of the TEM accommodating part 53. In
the present invention, a structure in which the cooling fan
190 is fixed to the front surface of the TEM accommo-
dating part 53 by screws being passed through four cor-
ners thereof is illustrated.
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[0142] In the cooling fan 190 in the form of a box fan,
a forwardly flat circular air discharge surface 191 is pro-
vided, and the air discharge surface 191 is in contact with
the rear surface of the grill portion 531 provided on the
front surface of the TEM accommodating part 53. The
grill portion 531 having a size corresponding to that of
the air discharge surface 191 prevents air discharged
from the cooling fan 190 from being discharged by the
fan blade of the cooling fan 190 while the air discharged
from the cooling fan 190 is smoothly discharged to protect
the fan. The cold sink 120 provided in front of the TEM
assembly 100 is disposed behind the cooling fan 190 in
the form of a box fan.
[0143] According to the present invention, the dis-
charge guide 532 in the form of a duct protruding forward
from the grill portion 531 is formed at an edge of the grill
portion 531 in contact with the air discharge surface 191
of the cooling fan 190. The discharge guide 532 is illus-
trated as being formed to have a square cross-sectional
shape corresponding to that of the cooling fan 190 in the
form of a square box fan. However, as described above,
the shape of the discharge guide 532 may be variously
modified.
[0144] An end of the discharge guide 532 faces the
open groove 227 provided in the rear of the very low
temperature tray 226. Therefore, the cool air discharged
through the discharge guide 532 is introduced into the
very low temperature tray 226, strongly flows forward,
and uniformly cools the very low temperature freezing
space.
[0145] The above-described suction portion 533,
which is open in the forward direction, is disposed on
substantially the same plane as the air discharge surface,
and the discharge guide 532 is disposed between the air
discharge surface 191 of the cooling fan and the suction
portion 533. When the suction portion is disposed in front
of the air discharge surface, the air discharged from the
air discharge surface is immediately re-suctioned into the
suction portion. Conversely, when the suction portion is
disposed behind the air discharge surface, a suction
force of the suction portion is weakened and a circulating
force of the cool air circulating in the very low temperature
freezer compartment the inner space is weakened.
[0146] Further, the suction portion 533, which is open
in the forward direction, is disposed at each of an upper
portion and a lower portion of the air discharge surface.
A suction portion 5331 located at the upper portion of the
cooling fan 190 absorbs heat from the very low temper-
ature freezer compartment 200 and suctions raising air.
The suction portion 5332 located at the lower portion of
the cooling fan 190 is a path in which cool air discharged
and supplied toward a front surface of the very low tem-
perature tray 226 passes through the very low tempera-
ture tray 226 and is re-suctioned into the TEM accom-
modating part 53 through a space h between a bottom
surface of the very low temperature tray and a bottom
surface of the very low temperature case 210.
[0147] The space h between the bottom surface of the

very low temperature tray and the bottom surface of the
very low temperature case preferably ranges from 4 mm
to 7 mm. When the space h is smaller than 4 mm, flow
resistance of the cool air is increased, and the circulating
flow of the cold air is lowered. Conversely, when the
space h is greater than 7 mm, the circulating flow of the
cold air hardly is improved, and a storage capacity vol-
ume of the very low temperature tray 226 is reduced.
[0148] The air suctioned into the inner space of the
TEM accommodating part 53 through the suction portion
533 flows toward a negative pressure portion generated
on the air suction surface of the cooling fan 190 in the
middle and comes into contact with the heat exchange
pin 122 of the cold sink 120 to exchange heat therewith.
Since the suction portions are provided at the upper and
lower sides, the flow of the cold air mainly occurs in the
vertical direction even in the TEM accommodating part.
Correspondingly, the heat exchange pin 122 of the cold
sink 120 is formed in a vertically elongated shape.

[Sealing Structure of Grill Fan Assembly for Operating 
Very Low Temperature Freezer Compartment]

[0149] FIG. 22 is an enlarged cross-sectional view tak-
en along line I-I of FIG. 6, FIG. 23 is an enlarged per-
spective view of the portion J of FIG. 8 when viewed from
the rear, FIG. 24 is a side cross-sectional view illustrating
a state in which a very low temperature compartment
door and a very low temperature tray are withdrawn from
the very low temperature case assembled in the grill fan
assembly, FIG. 25 is an enlarged side cross-sectional
view illustrating a state in which the very low temperature
compartment door is closed in the very low temperature
case of FIG. 24, and FIG. 26 illustrates cross-sectional
views taken along lines Q-Q and R-R of FIG. 24.
[0150] As described above, the grill fan assembly 50,
and more particularly, the grill fan 51, includes the TEM
accommodating part 53 which accommodates the TEM
assembly 100. The TEM accommodating part 53 is pro-
vided in a form protruding forward from the grill fan 51,
and the TEM assembly 100 is fitted to the TEM accom-
modating part 53 in behind the grill fan assembly.
[0151] A portion of the shroud 56 overlaps the rear of
the TEM accommodating part 53 of the grill fan 51. More
particularly, the abutting surface 561 of the shroud is in
contact with the rear surface of the grill fan 51, which
surrounds the TEM accommodating part 53, and is fixed
thereto. The TEM insertion hole 563 is provided at an
inner edge of the abutting surface 561 of the shroud, and
a portion opened by the TEM insertion hole 563 is a path
in conjunction with the inner space of the TEM accom-
modating part 53 from the rear of the grill fan assembly 50.
[0152] The above-described TEM assembly 100 is
fixed at a position at which the rear surface of the grill
fan 51 and the abutting surface 561 of the shroud 56
overlap. The grill fan 51 and the shroud 56 are usually
made of an injection molded synthetic resin, and are man-
ufactured in a plate form. The synthetic resin in the plate
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form is sufficient as a structure for partitioning a space.
However, there is a concern in that rigidity may be insuf-
ficient to fix a specific structure on a corresponding plate.
However, according to the present invention, since the
TEM assembly 100 is fixed at the position at which the
rear surface of the grill fan 51 and the abutting surface
561 of the shroud overlap, rigidity for fixing and support-
ing the TEM assembly 100 may be sufficiently secured.
[0153] However, as described above, since the grill fan
51 and the abutting surface 561 of the shroud are in con-
tact with each other at a periphery of the TEM accom-
modating part 53, a gap defined by these abutting sur-
faces is in conjunction with the TEM accommodating part
53, and as a result, the gap is a path in which the TEM
accommodating part 53 in conjunction with the very low
temperature freezing space is in conjunction with a gen-
eral freezing space. Therefore, the gap between the grill
fan 51 and the abutting surface of the shroud may be a
path through which the cool air in the very low tempera-
ture freezing space leaks into the general freezing space.
[0154] Accordingly, in the present invention, a first
sealant 61 is pressed and interposed between the rear
surface of the grill fan 51 of the periphery of the TEM
accommodating part 53 and the abutting surface 561 of
the shroud overlapping the rear surface. Ethylene pro-
pylene diene monomer (EPDM) rubber having excellent
sealing performance may be applied as the sealant. A
material of the sealant may be applied to second to fourth
sealants, which will be described below, as well as the
first sealant.
[0155] Meanwhile, since a temperature difference of
about 30 °C is generated between the very low temper-
ature freezing space and the general freezing space, a
sealing force should be sufficiently secured and a suffi-
cient overlapping width is required even when a sealant
is interposed therebetween. On the other hand, in order
to maintain such an overlapping width, an overlapping
region of the grill fan and the abutting surface of the
shroud should be secured as a predetermined width or
more, and the overlapping region is a factor which occu-
pies a volume of the freezer compartment or the very low
temperature freezer compartment.
[0156] In consideration of this fact, in the present in-
vention, the rear rib 511 extending rearward from the rear
surface of the grill fan 51 is formed. The rear rib 511 is
provided in an outer periphery of the rear surface of the
grill fan 51 to be slightly spaced apart from the TEM ac-
commodating part 53. More particularly, the rear rib 511
is formed at a side farther outward from the TEM accom-
modating part 53 than the position at which the rear sur-
face of the grill fan and the abutting surface 561 of the
shroud overlap.
[0157] In addition, similarly, the rib abutting surface
562 extending rearward to be in contact with the inner
surface of the rear rib 511 is provided on the outer cir-
cumferential surface of the abutting surface 561 of the
shroud. That is, the abutting surface 561 and the rib abut-
ting surface 562 are bent to form a stepped shape. There-

fore, the abutting surface 561 of the shroud and the rib
abutting surface 562 are brought into contact with the
rear surface of the grill fan 51 and the rear rib 511 in an
L shape. Also, a second sealant 62 is interposed and
pressed between the rear rib 511 and the rib abutting
surface 562.
[0158] In this manner, when the first sealant and the
second sealant are respectively interposed between two
abutting portions of the bent shape, a sealing force may
be more reliably secured. The first sealant and the sec-
ond sealant may be separately manufactured and inter-
posed as illustrated. Further, the first sealant and the
second sealant may be integrally manufactured to have
an L-shaped cross section, and may be interposed and
pressed between the bent abutting surfaces.
[0159] In the rear rib 511 and the rib abutting surface
562, a sealing force may be secured even in a narrow
space, and the assembly of the TEM assembly 100 fixed
to the rear surface of the abutting surface 561 of the
shroud due to a characteristic of the stepped shape may
be further facilitated. That is, when the outer edge of the
flange 112 provided in the module housing 110 of the
TEM assembly 100 is manufactured to be merged to
some extent, that is, slightly, with the inside of the rib
abutting surface 562, the outer circumferential surface
of the flange 112 of the TEM assembly 100 is loosely
fitted into the stepped shape by the rib abutting surface
562 when the TEM assembly 100 is fixed to the grill fan
assembly 50, and thus the TEM assembly 100 may be
easily fixed to the grill fan assembly 50 while a position
of the TEM assembly 100 is accurately regulated.
[0160] That is, the stepped structure has an advantage
of providing ease of assembly of the TEM assembly 100
as well as ensuring the sealing force of the gap between
the grill fan and the shroud.
[0161] Further, a gap may also be generated in the
overlapping region in which the abutting surface 561 of
the shroud and the flange 112 of the module housing 110
are in contact with each other, and cool air in the very
low temperature freezing space may be discharged into
the general freezing space through the gap. In consider-
ation of this fact, in the present invention, a third sealant
63 is disposed in the overlapping region in which the abut-
ting surface 561 of the shroud and the flange 112 of the
module housing 110 overlap. In this case, in order to
secure a sealing force, a width of the third sealant 63
should be sufficiently secured.
[0162] However, according to the present invention,
since the spacer 111 extending rearward from the flange
112 of the module housing 110 is provided and a rear
end of the spacer 111 is supported by the inner case 12
located behind the grill fan assembly 50, an adhesion
force between the rear surface of the abutting surface
561 and a front surface of the flange 112 may be further
secured due to the spacer 111.
[0163] In the present invention, a width w of the third
sealant 63 ranges from 5 mm to 15 mm. When the width
of the third sealant 63 is less than 5 mm, there is a problem
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in that the sealing force is significantly reduced. In the
present invention, the sealing force may be secured even
when the width of the sealant is only about 5 mm, which
is a result of a supporting force of the above-described
spacer being added thereto. When the width of the third
sealant is more than 15 mm, there is little improvement
in the sealing force for preventing leakage of cool air and
only a dimension is unnecessarily increased.
[0164] According to the above-described structure,
sealing of each of the components provided for fixing the
TEM assembly 100 to the grill fan assembly 50 and a
shape portion thereof may be secured, and the assembly
of the TEM assembly 100 to the grill fan assembly 50
may be facilitated.
[0165] For reference purposes, the accommodating
groove 113 is provided to extend rearward relative to the
flange 112. The flange 112 is fixed to the grill fan 51
defining a rear surface of the freezer compartment with
the shroud 56 interposed therebetween. However, as de-
scribed above, the thermoelectric element and the heat
sink of the TEM assembly are preferably disposed in a
separate space from the freezer compartment.
[0166] Accordingly, in the present invention, the ac-
commodating groove 113 is formed to extend rearward
relative to the flange 112, configurations of the assembly
are accommodated in the accommodating groove 113 in
the order of the heat sink, the thermoelectric element,
and the cold sink, and thus the heat sink and the ther-
moelectric element are located behind the space defined
as the freezer compartment.
[0167] The above-described structure may also be ap-
plied to the installation structure of the TEM assembly
100, as illustrated in FIG. 21. Since the inner space of
the TEM accommodating part 53 should be isolated from
the storage space of the refrigerator compartment 30, a
sealant may be interposed between the rear surface of
the flange 112 of the module housing 110 and the front
surface of the inner case 12.
[0168] Similarly, a sealant may also be interposed be-
tween a portion in which the rear surface of the TEM
accommodating part 53 of FIG. 21 is in contact with the
inner case 12, and more particularly, the front surface of
the flange 112 of the module housing 110 in close contact
with the inner case 12, and the inner case 12.
[0169] A width of the sealant may also range from 5 to
15 mm like the above-described width w.

[Sealing Structure of Very Low Temperature Freezer 
Compartment]

[0170] Hereinafter, a gap which is generated in the as-
sembled structure of the very low temperature freezer
compartment of the present invention and the sealing
structure between the very low temperature case and the
very low temperature compartment door will be described
with reference to FIGS. 23 to 26.
[0171] As described above, the TEM accommodating
part 53 protruding forward is provided in the grill fan 51,

and the very low temperature case 210, which defines
an overall exterior of the very low temperature freezer
compartment 200, is coupled to the TEM accommodating
part 53. The guide rails 212, which guide a sliding move-
ment forward and backward via auxiliary rails 15-1 pro-
vided on the side surface of the inner case 12 and the
side surface of the partition wall 42, are provided on both
side surfaces of the very low temperature case 210. The
opening 211, which is open to accommodate the TEM
accommodating part 53, is provided on the rear surface
of the very low temperature case 210. Therefore, when
the very low temperature case 210 is pushed rearward
from the front of the freezer compartment 40 while the
guide rails 212 are coupled to each other to be guided
by the rails or the auxiliary rail, the TEM accommodating
part 53 is fitted into the opening 211 such that the inner
circumferential surface 211a of the opening 211 and the
outer circumferential surface 534 of the TEM accommo-
dating part 53 face each other.
[0172] The inner circumferential surface 211a has a
predetermined depth and overlaps the outer circumfer-
ential surface 534 of the TEM accommodating part 53 to
surround the TEM accommodating part 53. The inner
circumferential surface 211a and the outer circumferen-
tial surface 534 have a predetermined pressure and are
in close contact with each other.
[0173] According to the present invention, a fourth
sealant 64 is interposed and pressed between the inner
circumferential surface 211a and the outer circumferen-
tial surface 534. When the fourth sealant 64 is interposed
and pressed between the inner circumferential surface
211a and the outer circumferential surface 534 such that
the inner circumferential surface 211a and the outer cir-
cumferential surface 534 are coupled to each other, the
very low temperature case 210 is fixed to the TEM ac-
commodating part 53 by the inner circumferential surface
211a and the outer circumferential surface 534 being fas-
tened to each other. Therefore, according to the present
invention, when the fourth sealant 64 is interposed be-
tween the inner circumferential surface 211a and the out-
er circumferential surface 534 and the very low temper-
ature case 210 is pushed rearward, the very low temper-
ature case and the TEM accommodating part are firmly
fixed to each other, and leakage of cool air in the very
low temperature freezing space toward the freezer com-
partment through the gap between the very low temper-
ature case and the TEM accommodating part may be
prevented.
[0174] As described above, although the inner circum-
ferential surface 211a has a slight inclination relative to
the outer circumferential surface 534, unlike the above-
described other sealing portion, a sealing direction and
an assembly direction of the overlapping region of the
inner circumferential surface 211a and the outer circum-
ferential surface 534 are substantially orthogonal to each
other. Therefore, a compression force between the inner
circumferential surface 211a and the outer circumferen-
tial surface 534 may be less than a compression force
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between the rear surface of the grill fan and the abutting
surface 561 of the shroud and a compression force be-
tween the rear surface of the abutting surface and the
flange 112 of the TEM assembly 100 as described above.
[0175] In consideration of this fact, in the present in-
vention, a length OL of the fourth sealant disposed in the
overlapping region of the inner circumferential surface
211a and the outer circumferential surface 534 may
range from 30 mm to 40 mm. When an overlapping length
(the length of the fourth sealant) is less than 30 mm, a
sealing force is insufficient, and thus cool air in the very
low temperature freezing space may be discharged into
the freezer compartment. When the overlapping length
is 30 mm or more, the sealing force for preventing the
discharge of the cool air may be sufficiently secured, and
when the overlapping length is more than 40 mm, the
sealing force is sufficiently secured but the overlapping
length is unnecessarily increased. When the overlapping
length is increased, the very low temperature freezing
space is occupied by the increased overlapping length,
and thus a volume capacity thereof is reduced.
[0176] The structure in which the TEM accommodating
part protrudes forward from the grill fan has an effect of
securing an overlapping range for the very low temper-
ature case as described above, and has an effect of pre-
venting loss of the cool air by allowing the cold sink of
the TEM assembly accommodated in the TEM accom-
modating part to be disposed close to the very low tem-
perature freezing space.
[0177] In addition, according to the present invention,
a rear surface of a periphery of the opening of the very
low temperature case 210 may be in contact with a front
surface of the periphery of the TEM accommodating part
of the grill fan. Accordingly, there is an effect in that a
sealing force is improved via the L-shaped sealing struc-
ture being disposed between the grill fan and the shroud
described above. Similarly, as the case in which the seal-
ant is interposed between the inner circumferential sur-
face 211a and the outer circumferential surface 534, the
sealant may be interposed and pressed between the rear
surface 211-1 of the periphery of the opening and a front
surface of the grill fan.
[0178] Further, as described above, the inner circum-
ferential surface 211a includes a surface inclined out-
wardly in the rearward direction, the outer circumferential
surface 534 also includes a surface inclined outwardly in
the rearward direction in a shape corresponding to the
inner circumferential surface, and thus assembly of the
very low temperature case to the TEM accommodating
part may be smoothly performed. Such a tapered angle
may range from about 1 to 5°.
[0179] The above-described structure may be applied
to an installation structure of the very low temperature
freezer compartment 200 illustrated in FIG. 21. That is,
the sealant may be pressed and interposed even in a
portion in which the rear surface of the very low temper-
ature case 210 is in contact with the inner case 12, and
the sealant may be pressed and interposed between the

inner circumferential surface of the opening of the very
low temperature case 210 and the outer circumferential
surface of the TEM accommodating part 53.
[0180] In other words, the very low temperature freezer
compartment and the rear wall may be reliably sealed
through a structure in which the rear wall of the storage
space cooled by the refrigeration cycle cooling system
is in contact with the rear surface of the very low temper-
ature freezer compartment and the sealant is pressed
and interposed therebetween, and/or a structure in which
the outer circumferential surface of the TEM accommo-
dating part provided on the rear wall is in contact with the
inner circumferential surface of the opening provided in
the rear surface of the very low temperature freezer com-
partment and the sealant is pressed and interposed ther-
ebetween.
[0181] The space between the outer case 213 of the
very low temperature case 210, which defines a rear sur-
face and upper, lower, left, and right surfaces of the very
low temperature freezing space, and the inner case 214
is filled with the heat insulating material 80 as described
above, and thus an exchange of heat between the very
low temperature freezing space and the freezer compart-
ment may be prevented.
[0182] Meanwhile, an inside of the very low tempera-
ture compartment door 220 which shields the open front
of the very low temperature case 210 is also filled with
the heat insulating material 80 such as the foam heat
insulating material 81, and thus an exchange of heat be-
tween the very low temperature freezing space and the
freezer compartment may be prevented. However, since
the very low temperature compartment door 220 is con-
figured to open and close the front of the very low tem-
perature case, a gap may be generated between the very
low temperature compartment door 220 and a front end
of the very low temperature case 210, and heat may be
introduced into the very low temperature case or cool air
inside the very low temperature case may be discharged
into the freezer compartment through the gap.
[0183] In consideration of this fact, in the present in-
vention, a gasket 65 made of silicone is installed on an
outer edge of a rear surface of the very low temperature
compartment door 220 to be in close contact with a front
surface of the very low temperature case. However, un-
like a gasket installed in a conventional refrigerator door,
since the above-described gasket 65 is a - 50 °C envi-
ronment inside the very low temperature freezing space
and a -20 °C environment outside the very low temper-
ature freezing space, an elastic force of the gasket may
be lowered and the cool air in the very low temperature
freezing space may be leaked.
[0184] In consideration of this fact, in the present in-
vention, a compression structure is further provided to
further provide a compression force for pushing the very
low temperature compartment door 220 toward the very
low temperature case 210.
[0185] Briefly, the compression structure may be the
freezer compartment door 22. That is, in a state in which
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the freezer compartment door 22 is closed, a structure
such as the door basket 27 installed inside the freezer
compartment door 22 pushes the very low temperature
compartment door 220 rearward, and thus the very low
temperature compartment door 220 may be pressed to-
ward the very low temperature case 210.
[0186] Further, the compression structure may include
a magnetic substance 230 such as a magnet embedded
in a portion at which the very low temperature case 210
and the very low temperature compartment door 220 face
each other. Referring to FIG. 8, the front end of the very
low temperature case 210 is in the form of a rectangular
frame, and the outer edge of the rear surface of the very
low temperature compartment door 220 faces the front
end of the very low temperature case. Therefore, as il-
lustrated in FIG. 24, when the magnetic substance 230
is embedded in all or a portion of the front end of the very
low temperature case 210 along an edge thereof and the
magnetic substance 230 is embedded in the very low
temperature compartment door 220 at a position corre-
sponding to a position at which the magnetic substance
of the very low temperature case is embedded, the very
low temperature compartment door 220 is pressed
against the very low temperature case 210 by attraction
between the two magnetic substances.
[0187] The compression structure may be a structure
in which a protrusion 240 and a locking groove 245 re-
spectively provided in the very low temperature case 210
and the very low temperature compartment door 220 are
engaged. Referring to FIGS. 24 and 26 which is a cross-
sectional view of the very low temperature case and the
very low temperature compartment door without the very
low temperature tray when viewed from the front, out-
wardly protruding protrusions 240 are provided on both
sides of the very low temperature compartment door 220,
and locking grooves 245 into which the protrusions are
fitted may be formed inside protrusions 219 protruding
forward from the very low temperature case 210. There-
fore, when the very low temperature compartment door
220 is pushed and closed, the locking groove 245 and
the protrusion 240 may be maintained in an engaged
state so that the compression force for pushing the very
low temperature compartment door 220 toward the very
low temperature case 210 may be maintained.
[0188] In the embodiment of the present invention, a
structure in which the protrusions 240 are provided on
the very low temperature compartment door 220 and the
locking grooves 245 are installed at the very low temper-
ature case 210. However, the locking groove 245 may
be provided in the very low temperature compartment
door 220 and the protrusions 240 may be provided in the
very low temperature case 210. In addition, the structure
of the locking groove and the protrusion is not limited to
the illustrated form, the protrusions may be deformed in
various forms such as a saw or a hook, and the locking
groove may have a shape in which the protrusion may
be locked in correspondence with the shape of the pro-
trusion.

[0189] A pushing structure of the door basket of the
freezer compartment door, a structure of the magnetic
substance, and a structure of the above-described pro-
trusions and locking grooves may be applied individually
or in combination to the refrigerator. A structure of a
damping closure 216, which will be described below, may
also be applied thereto.
[0190] Referring to FIG. 24, an outer rail guide 221 is
installed below the very low temperature compartment
door 220 to extend rearward. In addition, the rail guide
221 is mounted below the very low temperature case
210, and an outer rail 215 is installed to allow the rail
guide to slide back and forth. The rail guide 221 and the
outer rail 215 may be disposed outside the very low tem-
perature freezing space, that is, in the space of the freez-
er compartment, and may be provided with a metal ma-
terial having high rigidity.
[0191] Since the very low temperature freezing space
is an extremely low temperature environment of -50 °C,
when the rail and the rail guide, which are made of a
metal material having good thermal conductivity, are dis-
posed in the very low temperature freezing space of the
very low temperature case 210, moisture which is ab-
sorbed from food while cool air is circulated may stick to
the rail and the rail guide of the metal material unlike the
very low temperature compartment door 220 and the very
low temperature tray 226, which are made of a synthetic
resin material. This directly affects an opening and clos-
ing operation of the very low temperature compartment
door. Also, it is difficult to defrost water adhered to the
rail and the rail guide of the metal material.
[0192] However, when the rail and the rail guide are
made of a synthetic resin material, the synthetic resin
material may be deformed into a fragile state in the ex-
tremely low temperature environment, and thus the rail
and the rail guide may be damaged when subjected to
an external force and friction.
[0193] As described above, in the present invention,
the rail is not disposed in the very low temperature freez-
ing space, the outer rail 215 of the metal material is in-
stalled on a bottom portion of the very low temperature
case as described above, and the outer rail guide 221 is
installed below the rear surface of the very low temper-
ature compartment door 220. Therefore, the outer rail
215 and the outer rail guide 221 support a loading and
unloading operation of the very low temperature tray 226.
Meanwhile, when the rail is disposed outside the very
low temperature freezing space as described above, the
very low temperature freezing space may be further se-
cured.
[0194] However, in order to prevent sagging of the very
low temperature tray by a self-weight of the very low tem-
perature tray 226 and a self-weight of food contained in
the very low temperature tray 226, an additional sub rail
and sub rail guide of a synthetic resin material may be
further provided on a side surface or a bottom surface of
the very low temperature tray. In the embodiment of the
present invention, in order to prevent such sagging and
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to maintain a space between the very low temperature
tray and the bottom of the very low temperature freezer
compartment, a structure of ribs 214b and 226a de-
scribed above with reference to FIG. 9 has been illustrat-
ed.
[0195] According to the present invention, the damping
closure 216 provided on the outer rail 215 or the outer
rail guide 221 may be further provided as a pressing
structure of the very low temperature compartment door
with respect to the very low temperature case. In the em-
bodiment of the present invention, a structure in which
the damping closure 216 is installed behind the outer rail
215 is illustrated. For example, when the very low tem-
perature compartment door 230 is closed to some extent,
for example, about 80% of a total inlet stroke S (see FIG.
24), an end of the outer rail guide 221 reaches the damp-
ing closure 216, and the outer rail guide 221 is moved
rearward by a contractive force of an elastic body 216-2
configured of a tension spring in the damping closure
while being locked and fixed to a locking bracket 216-1
of the damping closure 216 even when a user does not
exert an external force thereon. A guide protrusion
216-11 of the locking bracket 216-1 is fitted into a guide
slot 216-4 and is moved along the guide slot. In this case,
since the elastic body may be subjected to a damping
force by a viscous oil 216-3 in the damping closure, the
rail guide 221 may be slowly pulled rearward at a con-
trolled speed, and the very low temperature compartment
door may be brought into close contact with the very low
temperature case by an urging force of the elastic body.
Since the viscous oil is in an atmosphere of the freezer
compartment, it is preferable for oil having an appropriate
viscosity at a temperature of the corresponding atmos-
phere to be used as the viscous oil.
[0196] Conversely, when the very low temperature
compartment door 230 is opened, the very low temper-
ature compartment door 230 should be pulled at about
20% of total outlet stroke at the beginning such that the
urging force of the elastic body 216-2 is overcome and
the elastic body 216-2 shrinks. When pulling force is more
than 20% of the total outlet stroke, the outer rail guide
221 may be easily released and unloaded from the lock-
ing bracket 216-1 of the damping closure 216. When the
outer rail guide 221 is released from the locking bracket
of the damping closure 216, the locking bracket is posi-
tioned at a locking position 216-41 of the guide slot 216-4
and stays at the corresponding position.
[0197] In addition to the damping closure 216 having
the above-described structure, any closure may be ap-
plied to the present invention as long as it is installed on
the outer rail or the outer rail guide and has a structure
that can elastically urge the outer rail guide rearward.
[0198] According to the present invention, it should be
apparent that it is also easy to assemble various compo-
nents for implementing the very low temperature freezer
compartment while preventing leakage of cold air in the
very low temperature freezing space toward the freezer
compartment.

[0199] In the embodiment of the present invention, a
structure in which the TEM assembly 100 is disposed at
the rear of the freezer compartment 40 and in the rear of
the very low temperature freezer compartment 200 is il-
lustrated. However, the TEM assembly 100 is not limited
to such a position. For example, the TEM assembly 100
may be embedded in an upper portion of the inner case
12 of the freezer compartment to be located above the
very low temperature freezer compartment 200. Since
the heat sink 150 of the TEM assembly 100 allows the
refrigerant of the refrigeration cycle cooling system 70 of
the refrigerator to flow into the heat sink to be cooled
using heat conduction, there is no need to be in contact
with air. Therefore, a structure in which the TEM assem-
bly 100 is embedded in the upper portion of the inner
case 12 of the freezer compartment may also be applied
to the present invention.
[0200] According to the present invention, an extreme-
ly low temperature can be smoothly implemented and
maintained by all gaps around a very low temperature
freezing space through which it is possible for a very low
temperature freezing space to be in conjunction with a
freezing space of a general freezer compartment being
thoroughly sealed.
[0201] According to the present invention, a refrigera-
tor can have a structure in which a TEM assembly is
easily assembled and also reliably sealed.
[0202] According to the present invention, assembly
and sealing of a very low temperature case and a grill
fan assembly is simply and reliably performed, and seal-
ing of the very low temperature case and a very low tem-
perature compartment door, which performs opening and
closing, is reliably performed, and thus very low temper-
ature freezing can be implemented and maintained.
[0203] In addition to the effects described above, spe-
cific effects of the present invention have been described
in the above detailed description of the embodiments of
the invention.

Claims

1. A refrigerator comprising:

storage spaces (30, 40);
walls (12. 51) located behind of the storage
spaces (30, 40);
a case (210) provided inside the storage spaces
(30, 40) and located on front surfaces of the walls
(21, 51);
a thermoelectric element module, TEM, assem-
bly (100) located at a rear of the case (210),
located on a rear surface of the wall correspond-
ing to the front surface of the wall at which at
least a portion thereof is located on the case
(210), and configured to supply cool air to the
case (210); and
a TEM accommodating part (53) provided at the
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wall and configured to accommodate the TEM
assembly (100),
wherein one of first, second, third, and fourth
sealants (61, 62, 63, 64) is closely interposed in
at least one of a gap between a rear of the case
(210) and the wall, an inside of the wall, or a gap
between the wall and the TEM assembly (100).

2. The refrigerator of claim 1, wherein:

an opening (211) into which the TEM accommo-
dating part (53) is inserted is provided in the rear
of the case (210);
an inner circumferential surface (211a) of the
opening (211) of the case (210) surrounds an
outer circumferential surface (534) of the TEM
accommodating part (53); and
the sealant closely interposed in the gap be-
tween the rear of the case (210) and the wall
includes the fourth sealant (64) being closely in-
terposed in a gap between the inner circumfer-
ential surface (211a) and the outer circumferen-
tial surface (534).

3. The refrigerator of claim 2, wherein:

a rear surface of a periphery of the opening (211)
of the case (210) is in contact with a front surface
of a periphery of the TEM accommodating part
(53) of the wall; and
the fourth sealant (64) is closely interposed in
the gap between the rear surface of the periph-
ery of the opening (211) of the very low temper-
ature case (210) and the wall.

4. The refrigerator of claim 2 or 3, wherein:

the inner circumferential surface (211a) includes
a surface inclined outwardly toward a rear there-
of; and
the outer circumferential surface (534) includes
a surface inclined outwardly toward a rear there-
of in a form corresponding to the inner circum-
ferential surface (211a).

5. The refrigerator of any one of claims 2 to 4, wherein
a length (OL) of an overlapping region of the inner
circumferential surface (211a) and the outer circum-
ferential surface (534) ranges from 30 mm to 40 mm.

6. The refrigerator of any one of claims 1 to 5, wherein:

the wall includes a grill fan assembly (50);
the grill fan assembly (50) includes a grill fan
(51) and a shroud (56) provided on the grill fan
(51) and configured to distribute cool air supplied
to the storage space;
the shroud (56) includes an abutting surface

(561) brought into contact with a rear surface of
the grill fan (51) at a rear of the TEM accommo-
dating part (53) and including a TEM insertion
hole (563) configured to be in conjunction with
an inner space of the TEM accommodating part
(53) along an inner edge thereof; and
the sealant closely interposed in the inside of
the wall includes the first sealant (61) being in-
terposed in a gap between the rear surface of
the grill fan (51) and the abutting surface (561)
and configured to seal a gap between the rear
surface of the grill fan (51) and the abutting sur-
face (561).

7. The refrigerator of any one of claims 1 to 6, wherein:

the wall includes the grill fan assembly (50);
the grill fan assembly (50) includes the grill fan
(51) and the shroud (56) provided on the grill fan
(51) and configured to distribute the cool air sup-
plied to the storage space;
a rear rib (511) configured to extend rearward
from an outer periphery of the TEM accommo-
dating part (53) is provided on the rear surface
of the grill fan (51);
a rib abutting surface (562) configured to extend
rearward to be in contact with an inner surface
of the rear rib (511) is provided on the shroud
(56); and
the sealant closely interposed inside the wall in-
cludes the second sealant (62) being interposed
in the gap between the rear rib (511) and the rib
abutting surface (562).

8. The refrigerator of claim 7, wherein:

the TEM assembly (100) includes a module
housing (110);
a flange (112) is provided in the module housing
(110) to extend outward; and
a position of an outer edge of the flange (112)
is regulated by an inner surface of the rib abut-
ting surface (562) of the shroud (56) so that the
module housing (110) is positioned in relation
to a rear surface of the abutting surface (561) of
the shroud (56).

9. The refrigerator of any one of claims 1 to 8, wherein:

the TEM assembly (100) includes the module
housing (110);
the flange (112) is provided in the module hous-
ing (110) to extend outward; and
the sealant closely interposed in the gap be-
tween the wall and the TEM assembly includes
the third sealant (63) being closely interposed
in a gap between the flange (112) and the wall.
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10. The refrigerator of claim 9, wherein:

the wall includes the grill fan assembly (50);
the grill fan assembly (50) includes the grill fan
(51) and the shroud (56) provided on the grill fan
(51) and configured to distribute the cool air sup-
plied to the storage space;
the shroud (56) includes an abutting surface
(561) brought into contact with a rear surface of
the grill fan (51) in a rear of the TEM accommo-
dating part (53) and including a TEM insertion
hole (563) configured to be in conjunction with
an inner space of the TEM accommodating part
(53) along an inner edge thereof;
the flange (112) is fixed to the rear surface of
the abutting surface (561) of the shroud (56);
and
the third sealant (63) is interposed in a gap be-
tween the flange (112) and the abutting surface
(561).

11. The refrigerator of claim 10, wherein a width w of the
third sealant (63) disposed in an overlapping region
of the flange (112) and the abutting surface (561)
ranges from 5 mm to 15 mm.

12. The refrigerator of any one of claims 9 to 11, wherein
a spacer (111) extending rearward from the flange
(112) and supported by an inner case (12) of the
refrigerator main body (10) whose rear end is spaced
apart from a rear of the grill fan (51) is provided in
the flange (112) of the module housing (110).

13. The refrigerator of any one of claims 1 to 12, wherein:

the TEM assembly (100) includes a cold sink
(120), a thermoelectric element (130), and a
heat sink (150) in order from a front side to a
rear side;
the thermoelectric element (130) and the heat
sink (150) are disposed behind a rear surface
of a space of the freezer compartment (40) de-
fined by the walls (12, 50); and
a front end of the cold sink (120) is disposed in
front of the rear surface of the space of the freez-
er compartment (40) defined by the walls (12,
50).

14. The refrigerator of any one of claims 1 to 13, further
comprising:

a compartment door (220) configured to open
and close an open front of the case (210); and
a gasket (65) provided at a rear of the compart-
ment door (220) and configured to shield a gap
between the compartment door (220) and the
case (210) by being in contact with an edge of
a front surface of the case (210).

15. The refrigerator of claim 14, further comprising a
compression structure in which the gasket is com-
pressed by a force for bringing the compartment door
(220) into close contact with the case (210) being
applied to the compartment door (220) and the case
(210),
wherein the compression structure includes:

a structure in which mutually attractive magnetic
substances are installed in the compartment
door (220) and the case (210);
a structure in which a protrusion and a locking
groove are provided in the compartment door
(220) and the very low temperature case (210),
respectively;
a structure in which a tray (226) is installed in
the rear of the compartment door (220) and is
withdrawable from and insertable into a freezing
space defined by the case (210) through the
compartment door (220) opening and closing
the open front of the case (210), an outer rail
guide (221) extending rearward is installed at a
lower portion of the rear of the compartment door
(220) in which the tray is installed, an outer rail
(215) is installed on a bottom portion of the case
(210) to guide a sliding movement of the outer
rail guide (221) in forward and backward direc-
tions, and a damping closure (216) is provided
on the outer rail (215) or the outer rail guide (221)
to pull the outer rail guide (221) rearward at a
controlled speed; and
a structure in which in which a rear surface of
the refrigerator door (20) presses the compart-
ment door (220) when the refrigerator door (20)
is closed.
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