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(54) REFRIGERATOR

(57) A refrigerator (1) comprises a cabinet (11) in-
cluding: an outer case (12); an inner case (13); and an
insulator disposed between the outer case (12) and the
inner case (13); an evaporator plate (100) disposed in
the inner case (13), the evaporator plate (100) including:
a tube (103) through which a refrigerant flows; and a first
coupling part (110, 112), the first coupling part (110, 112)
configured to couple the evaporator plate (100) to the
inner case (13); a cold storage pack (200) disposed be-
tween the evaporator plate (100) and the inner case (13)
and accommodating a phase change material (PCM); a
plate (300) closely attached to the cold storage pack
(200) so that the PCM is uniformly distributed, the plate
(300) including a second coupling part (311) at a position
corresponding to a position of the first coupling part (110,
112); a frame (500) disposed on a front side of the evap-
orator plate (100), and having an opening through which
a storage item is introduced into and withdrawn from a
storage compartment of the evaporator plate (100); and
a fixing member (600) fixed to the inner case (13) to sup-
port the evaporator plate (100) by passing through the
first and second coupling parts (110, 112; 311).



EP 2 966 388 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] According to a basic principle of an AC powered
refrigerator, the AC powered refrigerator is provided with
a (mechanical, electronic, or chemical) compressor for
transferring heat from a thermal insulation chamber and
the inside of the refrigerator to an external environment
so that the inside of the refrigerator is cooled at a tem-
perature less than a surrounding temperature of a room.
Cooling is a popular food storing technology in the world
and is performed to reduce a regeneration rate of bacte-
ria. Since the bacteria is a main reason of food spoilage,
the refrigerator helps to reduce a spoilage rate of food.
[0002] Blackout commonly occurs in developing coun-
tries, and irregular power supply results in significantly
decreasing of cooling efficiency of the refrigerator. This
also gives negative effects on quality of food stored in a
cabinet of the refrigerator, which is easily rotten, because
of low cooling preservation. If blackout continues for a
few hours, foods stored in a freezing region may be harm-
fully affected. In case of high power consumption or a
low voltage in a household, the refrigerator may not pro-
vide sufficient cooling for goods stored in the refrigerator.
Accordingly, it is important to find methods for maintain-
ing a cooling state inside the refrigerator in various situ-
ations such as high power consumption, a low voltage,
blackout, and the like.
[0003] A phase change material (PCM) may be used
in a freezing compartment of the refrigerator as one meth-
od for overcoming this limitation. The PCM has been used
for several years to store latent heat through solid-solid,
solid-gas, and liquid-gas phase changes.
[0004] However, the phase change used for the PCM
is only a solid-liquid phase change. Although the liquid-
gas phase change causes thermal change greater than
that of the solid-liquid phase change, the thermal change
is not actually applied due to an involved high pressure.
Various types of PCMs may be used as eutectic mixtures,
organic PCMs, inorganic PCMs, or the like.
[0005] In case of a refrigerator adopting latent heat
storage of the PCMs, cooling of an evaporator freezes
the PCMs when power supply is enabled. In case of the
blackout, a refrigeration cycle is stopped, and an evap-
orator plate does not have any cooling source. Thus, an
inner temperature of the refrigerator starts to increase.
However, a temperature increase rate may be signifi-
cantly reduced due to the frozen/partially frozen PCMs.
Thus, cooling potential of PCMs is used for cooling air
inside the refrigerator and maintaining stored goods at a
sufficiently low temperature. In general, an allowable
temperature is about 0° for a freezing region and about
10° for a refrigerating region. If a temperature increases
over the allowable temperature for a long time, the stored
goods may become poor.
[0006] However, the existing methods have at least
one limitation. For example, if a freezing point of the PCM

is too low, the PCM may not be completely frozen. If the
freezing point of the PCM is too high, although the PCM
is completely frozen, the PCM has quite low cooling po-
tential in terms of latent heat. Thus, it is important to utilize
the PCM having a freezing point within an exact temper-
ature range according to a mean temperature of the evap-
orator plate.
[0007] Another limitation in the existing methods is that
the PCM is provided in a plastic case/housing. Thus, heat
resistance between the PCM and an evaporator plate is
high.
[0008] Also, a contact area between the PCM and the
evaporator plate is insufficient to retard the freezing of
the PCM and cause high energy consumption while using
the power.
[0009] Similarly, the cooling provided to the PCM is
very slow during the blackout. Thus, it is important to
provide a wide contact area and low heat resistance be-
tween the PCM case and the evaporator plate.
[0010] A plurality of cooling storage devices for a chest
freezer are disclosed in European Patent No. 152155.
Each of the cooling storage devices includes a plastic
material containing a eutectic solution, e.g., a case
formed of polyethylene. Especially, the storage device
may use a method in which the eutectic solution is frozen
by a substantially continuous operation of a compressor
during a time (night) when a charge of main power is
discounted. The heat energy stored by the device is uti-
lized for a time (day) when the cost of main power is
maximized to stop an operation of the compressor of the
refrigerator for the day time. However, because of contact
of an inappropriate area, the compressor has to contin-
uously operate so as to freeze the PCM. Furthermore,
since the cooling storage devices match each other
through bonding, the case should be thick and hard to
lead high heat resistance.

SUMMARY

[0011] Embodiments provide a refrigerator having a
PCM maintaining a low temperature during blackout or
abnormal operation of the refrigerator.
[0012] In one embodiment, a refrigerator includes: a
cabinet including: an outer case; an inner case; and an
insulator disposed between the outer case and the inner
case; an evaporator plate disposed in the inner case, the
evaporator plate including: a tube through which a refrig-
erant flows; and a first coupling part, the first coupling
part configured to couple the evaporator plate to the inner
case; a cold storage pack disposed between the evapo-
rator plate and the inner case and accommodating a
phase change material (PCM); a plate closely attached
to the cold storage pack so that the PCM is uniformly
distributed, the plate including a second coupling part at
a position corresponding to a position of the first coupling
part; a frame disposed on a front side of the evaporator
plate, and having an opening through which a storage
item is introduced into and withdrawn from a storage com-
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partment of the evaporator plate; and a fixing member
fixed to the inner case to support the evaporator plate by
passing through the first and second coupling parts.
[0013] The cold storage pack may comprise a first cold
storage part, and wherein the plate comprises an upper
plate disposed between the inner case and the first cold
storage part.
[0014] The plate may further comprise a lower plate
disposed between the first cold storage part and the
evaporator plate.
[0015] The cold storage pack may further comprise a
second cold storage part disposed at one side of the
evaporator plate.
[0016] The other side of the evaporator may contact
with the inner case.
[0017] The refrigerator may further comprise a sup-
porting member surrounding the evaporator plate, the
second cold storage part, and the upper plate.
[0018] The supporting member may comprise: a first
contact part contacting the second cold storage part; a
second contact part bent at one end of the first contact
part to contact the upper plate; a third contact part bent
at the other end of the first contact part to contact the
evaporator plate, wherein the evaporator plate, the upper
plate, and the second cold storage part are disposed be-
tween the second contact part and the third contact part.
[0019] The supporting member may further comprise
a stopper for preventing the second cold storage part
from moving in a front-to-rear direction.
[0020] At least one of the first cold storage part and
the second cold storage part may further comprise a cold
storage material entrance through which the phase
change material is introduced and discharged.
[0021] The first coupling part may comprise: a first hole
portion through which the fixing member passes; and a
second hole portion formed at an edge of the first hole
and smaller than the first hole, such that the fixing mem-
ber passing through the first hole is positioned therein.
[0022] The frame may comprise a cover to shield the
second cold storage part and the supporting member.
[0023] The cover may further comprise a manipulation
part for setting a temperature of a storage compartment
in the evaporator plate.
[0024] The fixing member may comprise: a case fixing
part fixed to an upper wall of the inner case; a plate fixing
part fixed to the evaporator plate; and a connection part
connecting the case to the evaporator plate, wherein the
plate has a diameter greater than a diameter of the con-
nection part.
[0025] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a front view of a single door or direct cool-
ing/freezing system into which a cold storage pack
is inserted.
Fig. 2 is a perspective view illustrating a structure of
installing a cold storage pack in a refrigerator door
according to an embodiment.
Fig. 3 is a perspective view illustrating a coupling
process in Fig. 2.
Fig. 4 is a front cross-sectional view illustrating the
coupling structure in Fig. 2.
Fig. 5 is a partially enlarged cross-sectional view of
an evaporator plate and a phase change material in
Fig. 2.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Reference will now be made in detail to the em-
bodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings.
[0028] In the following detailed description of the pre-
ferred embodiments, reference is made to the accompa-
nying drawings that form a part hereof, and in which is
shown by way of illustration specific preferred embodi-
ments in which the invention may be practiced. These
embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is
understood that other embodiments may be utilized and
that logical structural, mechanical, electrical, and chemi-
cal changes may be made without departing from the spirit
or scope of the invention. To avoid detail not necessary
to enable those skilled in the art to practice the invention,
the description may omit certain information known to
those skilled in the art. The following detailed description
is, therefore, not to be taken in a limiting sense.
[0029] Also, in the description of embodiments, terms
such as first, second, A, B, (a), (b) or the like may be
used herein when describing components of the present
invention. Each of these terminologies is not used to de-
fine an essence, order or sequence of a corresponding
component but used merely to distinguish the corre-
sponding component from other component(s). It should
be noted that if it is described in the specification that one
component is "connected," "coupled" or "joined" to an-
other component, the former may be directly "connect-
ed," "coupled," and "joined" to the latter or "connected",
"coupled", and "joined" to the latter via another compo-
nent.
[0030] Fig. 1 is a front view of a refrigerator with a cool-
ing device installed according to an embodiment. Refer-
ring to Fig. 1, a refrigerator 1 according to an embodiment
may include a cabinet 11.
[0031] The cabinet 11 may include a cooling device 20
and at least one storage compartment 30. The cabinet
11 may further include an outer case 12, an inner case
13, and an insulator provided between the outer case 12
and the inner case 13.
[0032] Although not shown, a door may be rotatably
coupled to the cabinet 11 by a hinge. The door may cover
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at least one of the cooling device 20 and the at least one
storage compartment 30.
[0033] The cooling device 20 may be disposed inside
the inner case 13.
[0034] Fig. 2 is a perspective view of the cooling device
according to an embodiment, and Fig. 3 is an exploded
perspective view of the cooling device of Fig. 2. Fig. 4 is
a cross-sectional view illustrating a state in which the
cooling device of Fig. 2 is disposed in a cabinet, and Fig.
5 is a view illustrating an evaporator plate constituting
the cooling device of Fig. 2.
[0035] Referring to Figs. 2 to 5, the cooling device 20
may include an evaporator plate 100 and a cold storage
pack 200 having a phase change material (PCM).
[0036] The evaporator plate 100 may include a first
plate 101 and a second plate 102 coupled to the first
plate 101 and defining a tube 103 together with the first
plate 101, through which refrigerant flows.
[0037] The evaporator plate 100 may define an accom-
modation storage compartment 105 into which foods to
be cooled by a refrigerant are accommodated.
[0038] The cold storage pack 200 may include a phase
change material (PCM). The cold storage pack 200 may
be formed of, e.g., a soft material.
[0039] The PCM may have a freezing point less than
about 0°C and greater than a mean temperature of the
evaporator plate 100.
[0040] In detail, a plurality of PCMs having a freezing
point within a range from about -5°C to about 190°C may
be used. The PCM that is useful for domestic refrigerators
generally has a freezing point equal to or less than about
0°C. Effects of the PCM may be determined on the basis
of thermal, dynamical, economical, and chemical char-
acteristics. An important prerequisite is that a melting
temperature is within an operation range of the refriger-
ator.
[0041] The cold storage pack 200 may include a first
cold storage part 210 and a second cold storage part 220
connected to the first cold storage part 210 by a connec-
tion part 230.
[0042] The first cold storage part 210 may be disposed
above the evaporator plate 100, and the second cold
storage part 220 may be disposed on one side of the
evaporator plate 100. That is, the second cold storage
part 220 may be disposed on a left or right side of the
evaporator plate 100. For example, Fig. 3 illustrates the
second cold storage part 220 disposed on a right side of
the evaporator plate 100.
[0043] Thus, the other side of the evaporator plate 100
may contact the inner case 13. On the other hand, one
side of the evaporator plate 100 may be spaced apart
from the inner case 13 so that the second cold storage
part 220 is positioned.
[0044] According to the current embodiment, since the
other side of the evaporator plate 100 contacts the inner
case 13, the storage compartment 105 defined by the
evaporator plate 100 may increase in volume.
[0045] Also, each of the first cold storage part 210 and

the second cold storage part 220 may include a space
for separately accommodating the PCM. The first and
second cold storage parts 210 and 220 may have a space
communicating with each other or independent spaces.
Although the first cold storage part 210 and the second
cold storage part 220 communicate with each other, be-
cause the connection part 230 is bent, the communica-
tion between the first cold storage part 210 and the sec-
ond cold storage part 220 may be blocked in a state where
the cold storage pack 200 is installed.
[0046] Thus, according to the current embodiment,
since the cold storage pack 200 is divided into at least
two cold storage parts, a phenomenon in which the PCM
is concentrated in one direction within the cold storage
pack may be prevented.
[0047] At least one of the first and second cold storage
parts 210 and 220 may contact the evaporator plate 100.
[0048] The at least one of the first and second cold
storage parts 210 and 220 may further include a cold
storage material entrance 222 through which the phase
change material is introduced and discharged.
[0049] The cooling device 20 may further include
plates 310 and 320 for preventing the PCM from being
concentrated to one side in the first cool storage part 210.
[0050] That is, the plate 300 may allow the PCM to be
maintained to a predetermined thickness in the first cool
storage part 210.
[0051] The plate 300 may include an upper plate 320
seated on the first cool storage part 210. A hole 321
through which a fixing member 600, which will be de-
scribed later, passes may be defined in the upper plate
320.
[0052] The plate 300 may further include a lower plate
310 seated on the evaporator plate 100. The lower plate
310 is disposed between the evaporator plate 100 and
the first cold storage part 210.
[0053] The lower plate 310 may be formed of steel to
transfer heat between the evaporator plate 100 and the
first cold storage part 210.
[0054] A hole 311 through which the fixing member
600 passes may be defined in the lower plate 310.
[0055] The cooling device 20 may further include a
supporting member 400 for fixing relative positions of the
evaporator plate 100, the plate 300, and the cold storage
pack 200.
[0056] The supporting member 400 may include a first
contact part 410 contacting the second cold storage part
220, a second contact part 412 bent from one end of the
first contact part 410 and contacting the upper plate 320,
and a third contact part 414 bent from the other end of
the first contact part 410 and contacting the evaporator
plate 100.
[0057] That is, the evaporator plate 100, the plate 300,
and the cold storage pack 200 may be disposed between
the second contact part 412 and the third contact part
414.
[0058] Here, the first contact part 410 may be disposed
between the second cold storage part 220 and the inner
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case 13.
[0059] The supporting member 400 may further in-
clude a plurality of stoppers 416 for preventing the second
cold storage part 220 from moving in a front-to-rear di-
rection. The second cold storage part 220 may be dis-
posed between the plurality of stoppers 416.
[0060] The plurality of stoppers 416 may connect the
second contact part 412 to the third contact part 414.
[0061] The cooling device 20 may further include a
frame 500 disposed on a front side of the evaporator
plate 100.
[0062] The frame 500 may include an opening 510
through which a food is introduced and discharged in-
to/from a storage compartment of the evaporator plate
100.
[0063] The frame 500 may further include a cover 520
for the second cold storage part 220 and the supporting
member 400, which are disposed between one side of
the evaporator plate 100 and the inner case 13, from
being exposed.
[0064] A manipulation part for setting a temperature of
the storage compartment in the evaporator plate 100 may
be disposed on the cover 520.
[0065] The refrigerator 1 may further include the fixing
member for fixing the cooling device 20 to the inner case
13. Although the fixing member 600 is not limited, the
fixing member 600 may be fixed to an upper wall 14 of
the inner case 13.
[0066] The fixing member 600 may further include a
case fixing part 610 fixed to the upper wall 14, a plate
fixing part 630 fixed to the evaporator plate 100, and a
connection part 620 connecting the case fixing part 610
to the evaporator plate 100.
[0067] Here, the case fixing part 610 may be omitted,
and the connection part 620 may be directly fixed to the
upper wall 14.
[0068] The plate fixing part 630 may have a diameter
greater than that of the connection part 620.
[0069] To fix the fixing member 600 to the evaporator
plate 100, the evaporator plate 100 may further include
a first coupling part for coupling the fixing member 600.
[0070] The first coupling part may include a first hole
110 through which the plate fixing part 630 passes and
a second hole 112 through which the connection part 620
passes. Here, the second hole 112 may have a size less
than that of the first hole 110. Also, the first hole 110 may
have a diameter equal to or greater than that of the plate
fixing part 630.
[0071] Accordingly, when the evaporator plate 100
moves in a state in which the plate fixing part 630 passes
through the first hole 110, the connection part 620 may
be disposed in the second hole 112, and thus, the evap-
orator plate 100 may be supported by the supporting
member 400.
[0072] Hereinafter, a method for assembling the cool-
ing device 20 will be described.
[0073] As illustrated in Fig. 3, a lower plate 310 formed
of steel to transfer heat with a first cold storage part 210

is disposed on an evaporator plate 100.
[0074] Next, a cold storage pack 200 accommodating
the PCM therein is disposed on the lower plate 310. Here,
the cold storage pack 200 may be coupled to the lower
plate 310 and independently separated from the lower
plate 310.
[0075] Next, an upper plate 320 in which a hole 321
through which the fixing member 600 passes is formed
is seated on the cold storage pack 200.
[0076] After that, a supporting member 400 passes
through the holes 311 and 321 and is inserted into and
fixedly coupled to the evaporator plate 100 so that the
evaporator plate 100, the cold storage pack 200, and the
plate 300, which overlap each other, are coupled to each
other. The holes 311 and 321 may be called a second
coupling part.
[0077] Since the side surfaces of the evaporator plate
100, the cold storage pack 200, and the plate 300, which
are fixedly coupled to each other, are assembled by using
the fixing member 600 to more firmly fix and couple the
evaporator plate 100, the cold storage pack 200, and the
plate 300, the evaporator plate 100 as one structure, the
evaporator plate 100, the cold storage pack 200, and the
plate 300 may be more firmly coupled to each other.
[0078] Therefore, according to the installation struc-
ture of the cold storage pack of the refrigerator door, a
sufficiently low temperature may be maintained in the
refrigerator for a long time during the blackout, the high
power consumption, or the low voltage, and the cooling
device may also be reduced in required amount of PCM.
[0079] Also, the cooling provided to the refrigerator
during the normal operation may be efficiently utilized to
reduce the operational costs of the refrigerator.
[0080] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. A refrigerator (1), comprising:

a cabinet (11) including:

an outer case (12);
an inner case (13); and
an insulator disposed between the outer
case (12)and the inner case (13);
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an evaporator plate (100) disposed in the inner
case (13), the evaporator plate (100)including:

a tube (103) through which a refrigerant
flows; and
a first coupling part (110, 112), the first cou-
pling part configured to couple the evapo-
rator plate to the inner case (13);

a cold storage pack (200) disposed between the
evaporator plate (100) and the inner case (13)
and accommodating a phase change material
(PCM);
a plate (300) closely attached to the cold storage
pack (200) so that the PCM is uniformly distrib-
uted, the plate (300) including a second coupling
part (311) at a position corresponding to a posi-
tion of the first coupling part (110, 112);
a frame (500) disposed on a front side of the
evaporator plate (100), and having an opening
through which a storage item is introduced into
and withdrawn from a storage compartment of
the evaporator plate (100); and
a fixing member (600) fixed to the inner case
(13) to support the evaporator plate (100) by
passing through the first and second coupling
parts (110; 112; 311).

2. The refrigerator according to claim 1, wherein the
cold storage pack (200) comprises a first cold stor-
age part (210),
and wherein the plate (300) comprises an upper
plate (320) disposed between the inner case (13)
and the first cold storage part (210).

3. The refrigerator according to claim 2, wherein the
plate (300) further comprises a lower plate (310) dis-
posed between the first cold storage part (210) and
the evaporator plate (100).

4. The refrigerator according to any one of the claims
1 to 3, wherein the cold storage pack (200) further
comprises a second cold storage part (220) disposed
at one side of the evaporator plate (100).

5. The refrigerator according to claim 4,
wherein the other side of the evaporator plate (100)
contacts with the inner case (13).

6. The refrigerator according to claim 4 or 5, further
comprising a supporting member (400) surrounding
the evaporator plate (100), the second cold storage
part (220), and the upper plate (320).

7. The refrigerator according to claim 6, wherein the
supporting member (400) comprises:

a first contact part (410) contacting the second

cold storage part (220);
a second contact part (412) bent at one end of
the first contact part (410) to contact the upper
plate;
a third contact part (414) bent at the other end
of the first contact part (410) to contact the evap-
orator plate (100),
wherein the evaporator plate (100), the upper
plate (320), and the second cold storage part
(220) are disposed between the second contact
part (412) and the third contact part (414).

8. The refrigerator according to claim 7, wherein the
supporting member (400) further comprises a stop-
per (416) for preventing the second cold storage part
(220) from moving in a front-to-rear direction.

9. The refrigerator according to any one of the claims
4 to 8, wherein at least one of the first cold storage
part (210) and the second cold storage part (220)
further comprises a cold storage material entrance
(222) through which the phase change material is
introduced and discharged.

10. The refrigerator according to any one of the claims
1 to 9, wherein the first coupling part (110, 112) com-
prises:

a first hole portion (110) through which the fixing
member (600) passes; and
a second hole portion (112) formed at an edge
of the first hole portion (110) and smaller than
the first hole portion (110), such that the fixing
member (600) passing through the first hole
(portion 110) is positioned therein.

11. The refrigerator according to any one of the claims
6 to 10, wherein the frame (500) comprises a cover
(520) to shield the second cold storage part (220)
and the supporting member (400).

12. The refrigerator according to claim 11, wherein the
cover (520) further comprises a manipulation part
for setting a temperature of a storage compartment
in the evaporator plate (100).

13. The refrigerator according to any one of the claims
1 to 12, wherein the fixing member (600) comprises:

a case fixing part (610) fixed to an upper wall(14)
of the inner case (13);
a plate fixing part (630) fixed to the evaporator
plate (100); and
a connection part (620) connecting the inner
case (13) to the evaporator plate (100),
wherein the plate fixing part (630) has a diameter
greater than a diameter of the connection part
(620).
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