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Description

[0001] This invention relates to a cooling device com-
prising one or more thermal energy storage units having
a phase changing material.

[0002] Ininsulated units like bodies of cookers, wash-
er/dryers and especially cooling devices, insulation ma-
terial, preferably polyurethane foam, is applied between
the inner and outer walls of the body. In cooling devices,
there are one or more vacuum insulated panels (VIPS)
and insulation materials in between the inner and outer
walls for the purpose of increasing insulation, thus de-
creasing the energy consumption and increasing the ri-
gidity of the cooling device cabin.

[0003] One of the most important parameters directly
affecting the energy consumption of a cooling device is
the operation duration of the compressor. The longer a
compressor participating in the cooling cycle operates,
the more the energy consumption value of the cooling
device increases. Therefore, in order to decrease the en-
ergy consumption of the cooling device, it is necessary
to decrease the compressor operation time and conse-
quently increase the compressor no-operation time. In
order to achieve this, in several prior art embodiments
materials known as phase changing materials (PCM) are
utilized.

[0004] The phase changing materials show eutectic
characteristics - having a lower melting point than the
ingredients composing them -. Phase changing materials
change phase at certaintemperatures depending on their
chemical characteristics. These materials freeze at a cer-
tain temperature depending on their chemical character-
istic while the cooling cycle is active, i.e. while the com-
pressor operates, and absorb the heat from the surround-
ings while the cooling cycle is passive, i.e. while the com-
pressor doesn’t operate, thus enabling the surroundings
to stay cool for a longer period of time than the solutions
when phase changing materials are not utilized. The
most important characteristic of phase changing materi-
als is their perfect thermal conductivity.

[0005] In one state of the art embodiment, the US Pat-
ent no. 4528439, a description is given where the inner
walls of a thermally insulated case are formed by phase
changing material. In this embodiment, a mixture of wa-
ter, gelatin, sodium benzoate and biocide is utilized as
the phase changing material.

[0006] In another state of the art embodiment, the US
Patent no. 5239839, a description is given for cylindrical
or spherical capsules encapsulating phase changing ma-
terial being positioned especially around the evaporator
during the cooling cycle.

[0007] In another state of the art embodiment, the Eu-
ropean Patent no. 583909, a description is given for in-
creasing the operation yield and thus the cooling capacity
of a compressor by incorporating phase changing mate-
rial around the evaporator or inside the compartment.
[0008] A cooling device according to the preamble of
claim 1 is disclosed in DE-A- 3936017.
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[0009] The object of the present invention is the real-
ization of an improved cooling device with reduced en-
ergy consumption which utilizes phase changing mate-
rials.

This object is achieved by the features of claim 1.
[0010] The cooling device designed to fulfill the object
of the present invention is illustrated in the attached fig-
ures, where:

[0011] Figure 1 - is the schematic view of a cooling
device.
[0012] Figure 2 - is the schematic view of a thermal

energy storage unit.

[0013] Figure 3 - is the schematic view of a cooling
device comprising

[0014] athermal energy storage unitwhere thethermal
energy storage unit is enclosed by a cover.

[0015] Figure 4 - is the schematic view of a cooling
device comprising more than

[0016] one thermal energy storage units where the
thermal energy storage units are enclosed by a cover.
[0017] Figure 5 - is the schematic view of a cooling
device having a collecting chamber and a thermal energy
storage unit.

[0018] Figure 6 - is the schematic view of a cooling
device having a collecting

[0019] chamber and more than one thermal energy
storage units.

[0020] Elements showninfigures are numbered as fol-
lows:

. Cooling device

. Cabinet

. Outer wall

. Inner wall

. Thermal energy storage unit
Case

. Phase changing material
. Cover

9. Collecting chamber

10. Cooling compartment
11. Freezing compartment
12. Recess

13. Door

14. Sealing element

NG AWN 2

[0021] The cooling device (1) of the present invention
comprises an outer wall (3), an inner wall (4), a cabinet
(2) having an insulation material between these two walls
(3 and 4), adoor (13) that allows the user to have access
into the space confined by the cabinet (2) and that closes
this space in a leak proof way, a cooling compartment
(10) and a freezing compartment (11) confined by the
cabinet (2) and the door (13), each having different tem-
peratures, one or more recesses (12) preferably on the
surface of the inner wall (4) facing the inner space, and
a phase changing material (7) having a perfect heat con-
ductivity, showing eutectic features and derived by com-
bining one or more substances and a thermally conduc-
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tive case (6) which encloses the phase changing material
(7), one or more thermal energy storage units (5), number
of which may decrease or increase according to the pur-
pose of utilization and desired energy consumption val-
ues (Figure 1 and Figure 2).

[0022] The case (6)intowhich the phase changing ma-
terial (7) is enclosed can either be a polyhedral prism or
preferably have a cylindrical or spherical shape.

[0023] The cooling device (1) comprises a cover (8)
entirely enclosing the thermal energy storage unit (5) po-
sitioned in each recess (12), hiding the thermal energy
storage units (5) from view thus maintaining an aesthetic
view, and preventing the damage of thermal energy stor-
age units (5) and the leakage of phase changing material
(7) into the inner space of the cabinet (2) when such
damage occurs (Figure 3 and Figure 4).

[0024] In the preferred embodiment of the present in-
vention, the cooling device (1) comprises a sealing ele-
ment (14) positioned between the cover (8) and the inner
wall (4) which prevents leakage of the phase changing
material (7) into the inner space of the cabinet (2) in case
there is a leakage due to the damaging of the thermal
energy storage unit (5).

[0025] In an alternative embodiment of the present in-
vention, the cover (8) can be fitted on the thermal energy
storage units (5) by snap-fitting method.

[0026] The cooling device (1) of the present invention
comprises a collecting chamber (9) which serves to col-
lect the phase changing material (7) if the thermal energy
storage unit (5) is damaged due to piercing, breaking etc.
resulting in displacement of the phase changing material
(7) from the case (6) and prevents leakage of the phase
changing material (7) into the inner space of the cooling
and freezing compartments (10 and 11) and enables it
to continue serving in compliance with its features. The
collecting chamber (9) positioned under the recesses
(12) has a volume which can collect entirely all the phase
changing material (7) in all of the thermal storage units
(5) positioned on the recesses (12) on the inner wall (4)
in case of a leakage (Figure 5 and Figure 6).

[0027] The cabinet (2) comprises recesses (12) on the
inner wall (4) shaped preferably in a concave form that
best suits the thermal energy storage units (5) manufac-
tured during the thermoforming process of production.
These recesses (12) are positioned on at least one of
the bottom, top, back, side or front surfaces forming the
inner wall (4) of the cabinet (2).

[0028] Ethylene glycol, acetone, ethanol, propanol,
glycerol type of substances and the mixtures derived by
combining such with water are employed as the phase
changing material (7). Phase changing materials (7) that
change phase in temperatures suitable for the object of
utilization of the cooling device (1) are chosen as the
phase changing material (7).

[0029] There are recesses (12) preferably in half
spherical shapes on the inner wall (4) of the cooling
and/or freezing compartments (10 and 11). The thermal
energy storage units (5) with phase changing material
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(7) inside are positioned in these recesses (12) and the
thermal energy storage units (5) are fixed to these re-
cesses (12) by means of various fixing methods prefer-
ably by adhesion. Consequently the energy consumption
of the cooling device can be adjusted to the desired value
by only changing the number of the thermal energy stor-
age units (5). In this case the thermal energy storage
units (5) are in direct contact with the inner space of the
cooling and freezing compartments (10 and 11) where
food items are stored. Since the phase changing material
(7) in the thermal energy storage units (5) are chemical
substances which may be dangerous for the food items
stored in the cooling and freezing compartments (10 and
11) and for those consuming these food items, the re-
cesses (12) formed on the inner wall (4) of the cabinet
(2) and the thermal energy storage units (5) positioned
in these recesses (12) are enclosed by a cover (8) pro-
duced of a material that preferably has the characteristic
that keeps it unaffected by the chemical composition of
the phase changing material (7) and with a high thermal
conductivity coefficient protecting the thermal energy
storage units (5) from damages. The said cover (8) can
be mounted on the inner wall (4) with the sealing element
(14) in between, either by utilizing various fixing elements
or can be mounted on the inner wall (4) by snap-fitting
method. By means of the cover (8) positioned on the
inner wall (4) with the sealing element (14) in between,
being mounted over the recesses (12) and the thermal
energy storage units (5) fixed in these recesses (12),
even when the thermal energy storage units (5) are dam-
aged, the phase changing material (7) in the thermal en-
ergy storage units (5) are prevented from contacting the
food items stored inside the inner space of the cabinet
(2) enabling storage of the food items in a hygienic me-
dium. The cover (8) may either have a smooth surface
or may comprise shelf supports on it.

[0030] In the preferred embodiment of the present in-
vention, the freezer compartment (11) operates at ap-
proximately -18°C and the cooling compartment (10) at
approximately 5° C temperatures. In this embodiment of
the presentinvention, different phase changing materials
(7) that change phase at different temperatures are uti-
lized for the cooling compartment (10) and the freezing
compartment (11). For the cooling compartment (10),
phase changing material (7) preferably preserving solid
state at 5°C and at less than 5°C temperatures, for the
freezing compartment (11) phase changing material (7)
preserving solid state at -18°C and at less than -18°C
are utilized.

[0031] The cooling device (1) performs the cooling
process by a cooling cycle starting with the operation of
the compressor between one point lower temperature
(cut-out) and one point higher temperature (cut-in) and
ending with switching off. The phase changing material
(7) in the thermal energy storage units (5) positioned in-
side the cooling device (1) freezes while the compressor
is functioning due to the drop in temperature in the cooling
and freezing compartments (10 and 11) and melts when
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the compressor is switched off determined by the com-
partment temperatures.

[0032] During the compressor operation period, heat
is transferred to the inner spaces of the compartments
(10and 11) and phase changes from liquid to solid, when
the compressor is switched off, heat is absorbed by the
solid phase material from the inner space of the compart-
ments (10 and 11) and goes into the liquid phase enabling
cooling inside the compartments (10 and 11) for a longer
time by absorbing heat from the inner space of the com-
partments (10 and 11), the air inside the compartments
(10 and 11) heats up much later due to the switched-off
period of the compressor being longer between one point
lower (cut-out) and one point higher (cut-in) tempera-
tures, the interval period between two consecutive cool-
ing cycles increases. Consequently, by slowing down the
heat variance speed, the temperatures of compartments
(10 and 11) become more homogeneous and even
though the compressor handles the same heat load, the
stop-start time interval is extended and the number of
stop-start cycles of the compressor is reduced for a cer-
tain time period.

Claims
1. A cooling device (1) comprising

- an outer wall (3),

- an inner wall (4),

- a cabinet (2) having an insulation material be-
tween these two walls (3 and 4)

- a cooling compartment (10) and a freezing
compartment (11) confined by the cabinet (2)
and a door (13), whereby the cooling compart-
ment (10) and the freezing compartment (11)
have different temperatures,

- a phase changing material (7) having perfect
heat conductivity, showing eutectic features and
produced by combining of one or more sub-
stances and

- a thermally conductive case (6) enclosing the
phase changing material (7),

one or more thermal energy storage units (5),
number of which can be decreased or increased ac-
cording to the purpose of utilization and desired en-
ergy consumption values, whereby the thermal en-
ergy storage unit (5) comprises the thermally con-
ductive case (6) enclosing the phase changing ma-
terial (7) and one or more recesses (12) on the sur-
face facing the inner space of the inner wall (4) onto
which thermal energy storage units (5) are posi-
tioned, characterized in that, a collecting chamber
(9) positioned under the recesses (12) formed on the
inner wall (4) serving to collect the phase changing
material (7) in case the thermal energy storage unit
(5) is damaged, resulting in displacement of the
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phase changing material (7) from the damaged case

(6).

2. A cooling device (1) as in Claim 1, characterized
by a cover (8) which entirely encloses the thermal
energy storage units (5) positioned in each recess
(12), hiding the thermal energy storage units (5) from
view thus maintaining an aesthetic view, and pre-
venting the damage of thermal energy storage units
(5) and the contact of the phase changing material
(7) with food items stored at the inner space.

3. A cooling device (1) as in Claim 2, characterized
by a sealing element (14) placed between the cover
(8) and the inner wall (4) for preventing leakage of
the phase changing material (7) into the inner space
ofthe cabinet (2) in case that thermal energy storage
unit (5) is damaged.

4. Acoolingdevice (1) asin Claim 2 or 3, characterized
by the cover (8) fitted over the inner wall (4) by snap-
fitting method.

5. Acooling device (1) asin Claim 2 - 4, characterized
by the cover (8) produced of a material that prefer-
ably has the characteristic that keeps it unaffected
by the chemical composition of the phase changing
material (7) inside the thermal energy storage unit
(5) and having a high thermal conductivity coeffi-
cient.

6. A cooling device (1) as in any one of the above
claims, characterized that the one or more recesses
(12) on the inner wall (4) of the cabinet (2) are formed
in shapes suitable for mounting the thermal energy
storage units (5) during the thermoforming process
of production.

Patentanspriiche
1. Kduhlvorrichtung (1), umfassend:

- eine AufRenwand (3)

- eine Innenwand (4)

- einen Schrank (2) mit einem Isolationsmaterial
zwischen diesen beiden Wanden (3 und 4)

- ein Kihlfach (10) und ein Gefrierfach (11), die
vondem Schrank (2) und einer Tiir (13) begrenzt
werden, dadurch dass das Kihlfach (10) und
das Gefrierfach (11) unterschiedliche Tempera-
turen aufweisen,

- ein Phasenwechselmaterial (7) mit perfekter
Warmeleitfahigkeit, das eutektische Merkmale
aufweist und durch das Kombinieren von einer
oder mehreren Substanzen hergestellt ist, und
- ein warmeleitfahiges Gehause (6), das das
Phasenwechselmaterial (7) umschlief3t,
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- eine oder mehrere Warmeenergiespeicherein-
heiten (5), deren Anzahl entsprechend dem Be-
nutzungszweck und den gewiinschten Energie-
verbrauchswerten erhdht oder gesenkt werden
kann, wodurch die Warmeenergiespeicherein-
heit (5) das warmeleitfahige Gehause (6) um-
fasst, das das Phasenwechselmaterial (7) und
- eine oder mehrere Vertiefungen (12) an der
Flache umschlieRt, die dem Innenraum der In-
nenwand (4) zugewandt ist, an der Warmeen-
ergiespeichereinheiten (5) angeordnet sind, da-
durch gekennzeichnet, dass eine Auffang-
kammer (9), die unter den Vertiefungen (12), die
an der Innenwand (4) ausgebildet sind, ange-
ordnet ist und dazu dient, das Phasenwechsel-
material (7) aufzufangen, falls die Warmeener-
giespeichereinheit (5) beschadigt wird, was zu
einer Verdrangung des Phasenwechselmateri-
als (7) aus dem beschadigten Gehause (6) fiihrt.

Kuhlvorrichtung (1) nach Anspruch 1, gekennzeich-
net durch eine Abdeckung (8), die die Warmeener-
giespeichereinheiten (5), die in den einzelnen Ver-
tiefungen (12) angeordnet sind, vollstdndig um-
schlieRt, und die Wéarmeenergiespeichereinheiten
(5) verbirgt und auf diese Weise ein asthetisches
Erscheinungsbild aufrechterhélt, und die die Be-
schadigung der Warmeenergiespeichereinheiten
(5) und den Kontakt des Phasenwechselmaterials
(7) mit Lebensmitteln, die im Innenraum gelagert
werden, verhindert.

Kuhlvorrichtung (1) nach Anspruch 2, gekennzeich-
net durch ein Dichtungselement (14), das zwischen
der Abdeckung (8) und der Innenwand (4) angeord-
net ist, um einen Austritt des Phasenwechselmate-
rials (7) in den Innenraum des Schranks (2) im Fall
der Beschadigung der Warmeenergiespeicherein-
heit (5) zu verhindern.

Kuahlvorrichtung (1) nach Anspruch 2 oder 3, da-
durch gekennzeichnet, dass die Abdeckung (8)
durch ein Einrastverfahren an der Innenwand (4) an-
gebracht ist.

Kuhlvorrichtung (1) nach Anspruch 2 bis 4, dadurch
gekennzeichnet, dass die Abdeckung (8) aus ei-
nem Material hergestellt ist, das vorzugsweise die
Eigenschaft aufweist, durch die sie von der chemi-
schen Zusammensetzung des Phasenwechselma-
terials (7) in der Warmeenergiespeichereinheit (5)
unberihrt bleibt, und das einen hohen Warmeleitko-
effizienten aufweist.

Kihlvorrichtung (1) nach einem der vorangehenden
Anspriche, dadurch gekennzeichnet, dass eine
oder mehrere Vertiefungen (12) an der Innenwand
(4) des Schranks (2) wahrend des Warmeformungs-
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prozesses der Herstellung in Formen ausgebildet
werden, die zum Anbringen der Warmeenergiespei-
chereinheiten (5) geeignet sind.

Revendications

1.

Un dispositif de refroidissement (1) comprenant

- une paroi extérieure (3),

- une paroi intérieure (4),

- une armoire (2) ayant un matériau d’isolation
entre ces deux parois (3 et 4)

- un compartiment de refroidissement (10) et un
compartiment de congélation (11) entourés par
I'armoire (2) et une porte (13), ou le comparti-
ment de refroidissement (10) et le compartiment
de congélation (11) présentent des températu-
res différentes,

- un matériau a changement de phase (7) ayant
une conductivité thermique idéale, présentant
les caractéristiques eutectiques et produit par la
combinaison d’une ou plusieurs substances et
- un boitier thermiquement conducteur (6) en-
tourant le matériau a changement de phase (7),
- une ou plusieurs unités de stockage d’énergie
thermique (5), dont le nombre peut étre diminué
ou augmenté selon le but d'utilisation et les va-
leurs désirées de consommation d’énergie, ou
I'unité de stockage d’énergie thermique (5) com-
prend le boitier thermiquement conducteur (6)
entourant le matériau a changement de phase
(7), et

- un ou plusieurs évidements (12) sur la surface
tournée vers I'espace interne de la paroi inté-
rieure (4) sur laquelle les unités de stockage
d’énergie thermique (5) sont positionnées, ca-
ractérisé en ce qu’une chambre collectrice (9)
est positionnée sous les évidements (12) formés
sur la paroi intérieure (4) en servant a recueillir
le matériau a changement de phase (7) au cas
ou l'unité de stockage d’énergie thermique (5)
seraitendommagée, entrainant le déplacement
du matériau a changement de phase (7) du boi-
tier (6) endommageé.

2. Undispositif de refroidissement (1) selon la Reven-

dication 1, caractérisé par un couvercle (8) qui en-
toure entierement les unités de stockage d’énergie
thermique (5) positionnées dans chaque évidement
(12), en cachant les unités de stockage d’énergie
thermique (5) donc tout en obtenant une vue esthé-
tique, et en empéchant les unités de stockage
d’énergie thermique (5) d’étre endommagées et em-
péchant le matériau a changement de phase (7) de
toucher les aliments stockés dans I'espace interne.

3. Undispositif de refroidissement (1) selon la Reven-
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dication 2, caractérisé par un élément d’étanchéité
(14) placé entre le couvercle (8) et la paroi intérieure
(4) pour empécher la fuite du matériau a changement
de phase (7) dans I'espace interne de I'armoire (2)
au cas ou l'unité de stockage d’énergie thermique
(5) serait endommagé.

Un dispositif de refroidissement (1) selon la Reven-
dication 2 ou 3, caractérisé par le couvercle (8) fixé
sur la paroi intérieure (4) par I'encliquetage.

Un dispositif de refroidissement (1) selon les Reven-
dications 2 a 4, caractérisé par le couvercle (8) fait
en un matériau qui a de préférence la caractéristique
qui le garde non affecté par la composition chimique
du matériau a changement de phase (7) dans l'unité
de stockage d’énergie thermique (5) et qui a un coef-
ficient élevé de conductivité thermique.

Un dispositif de refroidissement (1) selon I'une quel-
conque des revendications précédentes, caractéri-
sé en ce que un ou plusieurs évidements (12) sur
la paroi intérieure (4) de I'armoire (2) sont en forme
appropriée pour le montage des unités de stockage
d’énergie thermique (5) pendant le processus de
thermoformage de la production.
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