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Description

BACKGROUND

Technical Field

[0001] The present invention relates to a refrigerator
and a working method thereof, and more particularly to
a refrigerator with a storage space capable of maintaining
a low-pressure state and a working method thereof.

Related Art

[0002] A refrigerator capable of preserving food in a
low-pressure environment is known in the prior art. Such
a refrigerator generally has an evacuatable storage
chamber (commonly known as a "vacuum chamber" in
the industry). By extracting at least one part of air out of
the storage chamber, the air content in the storage cham-
ber is lowered, so as to weaken the oxidization process
of food, thus extending the preservation time and quality
of food.
[0003] The Chinese Invention Patent CN 101331970
B discloses a vacuum preservation system and a control
method thereof. The vacuum preservation system in-
cludes a low-pressure chamber/vacuum chamber, a vac-
uum pump, and an air evacuation path connected be-
tween the vacuum pump and the low-pressure chamber.
When the vacuum pump is in work, air in the low-pressure
chamber may be extracted out through the air evacuation
path. The air evacuation path has a bypass connected
to external air (external atmospheric pressure), and an
electromagnetic valve for controlling the opening and
closing of the bypass is disposed in the bypass. When
an evacuation procedure is started, first, a control circuit
board issues an instruction to switch the electromagnetic
valve to a closed position, then, the vacuum pump is start-
ed, and after the low-pressure chamber reaches a preset
vacuum degree, the vacuum pump stops work. Next, the
control circuit board issues an instruction to switch the
electromagnetic valve from the closed position to an open
position, so as to import external air into the air evacua-
tion path at a certain flow rate, thereby closing a mechan-
ical valve disposed on the low-pressure chamber with
such a pressure difference.
[0004] In a method of powering off a normally open
valve to close a bypass, a closure component of the valve
moves under the action of a mechanical force, which is
a very slow process, possibly causing insufficient exter-
nal air to flow into the air evacuation path and failure of
the mechanical valve to close instantly, thus leading to
an air-return phenomenon, that is, external air enters the
low-pressure chamber. Besides, after the evacuation
procedure ends, pressure maintenance relies entirely on
the mechanical valve of the low-pressure chamber. If the
mechanical valve fails, external air will soon enter the
low-pressure chamber.

SUMMARY

[0005] An objective of the present invention is to re-
solve at least one of the foregoing technical problems,
so as to provide a refrigerator with a more reliable low-
pressure storage system.
[0006] Accordingly, in one aspect, the present inven-
tion provides a refrigerator, which includes: a storage
space, capable of maintaining a low-pressure state; a
vacuum pump; an air evacuation path, connected be-
tween the storage space and the vacuum pump; a by-
pass, connected to the air evacuation path, where when
the vacuum pump is in work, the bypass is closed, while
when the vacuum pump finishes work, the bypass is
opened to transport external air to the air evacuation path;
and an electromagnetic valve, for opening or closing the
bypass, characterized in that, after the vacuum pump
finishes work, the electromagnetic valve is powered on
and opens the bypass; and after a preset time, the elec-
tromagnetic valve is powered off, so that the bypass is
closed and remains closed until next time the vacuum
pump finishes work.
[0007] After the vacuum pump finishes work, a closure
component of the electromagnetic valve can be opened
under the action of an electromagnetic force to instantly
and completely open the bypass, so that external air can
quickly enter the air evacuation path to instantly close
the low-pressure storage space, avoiding the air-return
phenomenon. In addition, the bypass normally remains
closed; therefore, even if a valve for closing the low-pres-
sure storage space is damaged, the normally closed by-
pass is capable of maintaining pressure for the entire
low-pressure system to a certain extent.
[0008] Other individual features or features, combined
with other features, regarded as characteristics of the
present invention are described in the following append-
ed claims.
[0009] According to a preferred embodiment of the
present invention, the preset time is smaller than 30 sec-
onds. More preferably, the preset time is 3 to 5 seconds.
[0010] According to a preferred embodiment of the
present invention, the preset time is set by a timer.
[0011] In another aspect, the present invention pro-
vides a working method of a refrigerator, which includes:
starting a vacuum pump, so as to extract at least one
part of air out of a storage space capable of maintaining
a low-pressure state via an air evacuation path connect-
ed between the vacuum pump and the storage space;
and determining whether to stop the work of the vacuum
pump; and if yes, stopping the work of the vacuum pump,
characterized in that, an electromagnetic valve for open-
ing or closing a bypass connected to the air evacuation
path is powered on to open the bypass, so as to transport
external air to the air evacuation path; and after a preset
time, the electromagnetic valve is powered off, and the
bypass remains closed until next time the vacuum pump
finishes work.
[0012] The structure and other invention objectives

1 2 



EP 2 562 495 B1

3

5

10

15

20

25

30

35

40

45

50

55

and beneficial effects of the present invention are made
more comprehensible through the description of pre-
ferred embodiments with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The following drawings, as a part of the speci-
fication and used for further understanding of the present
invention, illustrate the specific embodiments of the
present invention, and, together with the specification,
explain the principles of the present invention, where

FIG. 1 is a schematic view of a refrigerator with an
air evacuation system according to a preferred em-
bodiment of the present invention; and

FIG. 2a and FIG. 2b are respectively schematic
views of an electromagnetic valve when it is closed
and opened according to a preferred embodiment of
the present invention.

DETAILED DESCRIPTION

[0014] Referring to FIG. 1, a refrigerator 1 has a heat
insulated inner space 10. The inner space 10 may be
defined by a cabinet (not shown in FIG. 1) with a heat
insulation material, and may be closed or opened through
a door (not shown in FIG. 1) connected to the cabinet.
[0015] The refrigerator 1 has a storage space 2 capa-
ble of maintaining a low-pressure state. The storage
space 2 may be formed by a storage unit 11 installed in
the inner space 10, or may be directly defined by the
inner space 10.
[0016] The refrigerator 1 has an air evacuation system
12 used for extracting at least one part of air in the storage
space 2 out. The air evacuation system 12 includes a
vacuum pump 3 and an air evacuation path 4 connected
between the storage space 2 and the vacuum pump 3.
The air evacuation path 4 may be defined by at least one
pipe and at least one pipe joint.
[0017] The air evacuation system 12 includes a me-
chanical valve 8 located in the air evacuation path 4 and
used for preventing external air from entering the storage
space 2. The mechanical valve 8 may be disposed on
the storage unit 11. The mechanical valve 8 may have a
deformable valve plate; under the action of an internal
and external pressure difference, the valve plate deforms
and closes an air evacuation channel disposed on the
storage unit 11. The mechanical valve 8 may adopt an
existing solution, for example, the solution disclosed in
the Patent Application No. CN200910028963.1 submit-
ted by the applicant earlier, which is not described any
more herein.
[0018] The air evacuation system 12 includes a detec-
tion unit 9 for determining whether the storage space 2
has reached a set pressure. The detection unit 9 may
include a pressure sensor for detecting air pressure.

[0019] In this embodiment, the detection unit 9 is con-
nected to the air evacuation path 4, and determines pres-
sure inside the storage space 2 by detecting pressure of
the air evacuation path 4. In another embodiment, the
detection unit 9 may also directly detect pressure in the
storage space 2.
[0020] The air evacuation system 12 further includes
a bypass 5 connected to the air evacuation path 4. One
end of the bypass 5 is connected to the air evacuation
path 4, and the other end is connected to external air,
that is, atmospheric pressure. The function of the bypass
5 is that, after the vacuum pump3 finishes work, the by-
pass 5 is opened, and thus the atmosphere flows to the
air evacuation path 4 through the bypass 5, the pressure
inside the air evacuation path 4 is equal to atmospheric
pressure, so a pressure difference is created between
two sides of the mechanical valve 8, and the mechanical
valve 8 can be closed, so as to prevent air from entering
the storage space 2 from the air evacuation channel.
[0021] The bypass 5 is provided with an electromag-
netic valve 7 used for controlling opening or closing of
the bypass 5. The electromagnetic valve 7 is in work con-
nection with a controller 6, and decides whether to open
or close the bypass according to a signal of the controller
6.
[0022] As shown in FIG. 2a and FIG. 2b, the electro-
magnetic valve 7 includes an electromagnetic coil 70, a
valve core 71, and a spring 72. The electromagnetic valve
7 is a normally closed valve, and the valve core 71 closes
a channel 73 under the action of an elastic force of the
spring 72. After power-on, the electromagnetic coil 70 is
powered on, and the valve core 71 is capable of instantly
displacing and opening the bypass 5 under the action of
an electromagnetic force. After power-off, the electro-
magnetic force disappears, and the valve core 71 dis-
places and returns to a closed position under the action
of a mechanical elastic force.
[0023] The refrigerator 1 includes the controller 6,
where the controller 6 is in work connection with the vac-
uum pump 3, the electromagnetic valve 7, and the de-
tection unit 9.
[0024] A working method of the air evacuation system
12 of the refrigerator 1 is described in the following in
detail.
[0025] First, the vacuum pump 3 is started. The vacu-
um pump 3 may be started based on an input instruction
of a user. For example, when the user operates a switch
located at a proper position of the refrigerator 1, the vac-
uum pump 3 starts work. In another embodiment, the
vacuum pump 3 may also be started through the control-
ler 6 based on information detected by the detection unit
9 or information of a timer. In this case, the electromag-
netic valve 7 is not powered on, and remains in a closed
state.
[0026] The controller 6 determines whether to stop the
work of the vacuum pump 3, and if yes, stops the work
of the vacuum pump. The determination may be made
based on information of the detection unit 9. For example,
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it is determined, through the detection unit 9, whether the
storage space 2 has reached a set vacuum degree, and
if the detection unit 9 detects that the vacuum degree,
that is, the pressure, inside the air evacuation path 4 re-
duces to a preset value, the vacuum pump 3 is stopped.
In an alternative embodiment, it is also possible to stop
the work of the vacuum pump after the vacuum pump
works for a set time by setting a timer.
[0027] Next (almost simultaneously), the electromag-
netic valve 7 is powered on. Under the action of the elec-
tromagnetic force, the electromagnetic valve 7 instantly
and completely opens the bypass 5, external air quickly
enters the air evacuation path 4, and pressure inside the
air evacuation path 4 can instantly rise to the atmospheric
pressure. In this embodiment, the electromagnetic valve
7 can be completely opened within less than 0.5 second
after being powered on.
[0028] Because a relatively large pressure difference
is quickly created between the air evacuation path 4 and
the storage space 2, the mechanical valve 8 can be in-
stantly closed. The air-return phenomenon (after the vac-
uum pump 3 finishes work, external air enters the storage
space 2 from the air evacuation channel that fails to be
instantly closed by the mechanical valve) can be effec-
tively avoided, and thus the vacuum degree in the storage
space 2 can be ensured.
[0029] After a preset time, the electromagnetic valve
7 is powered off, the valve core 71 is reset under the
action of the elastic force of the spring 72 (the process
takes at least 1 to 2 seconds), and the bypass 5 is closed.
The bypass 5 remains closed until next time the vacuum
pump 3 stops work in a next evacuation procedure.
[0030] Preferably, the preset time is smaller than 30
seconds. That is to say, the electromagnetic valve 7 is
powered on for less than 30 seconds to close the me-
chanical valve 8, and then is powered off. In this embod-
iment, the power-on time of the electromagnetic valve 7
is 3 to 5 seconds (for example, 4 seconds). The power-
on time of the electromagnetic valve 7 may be controlled
through a timer in work connection with the controller 6.

Claims

1. A refrigerator, comprising:

a storage space (2), capable of maintaining a
low pressure state;
a vacuum pump (3);
an air evacuation path (4), connected between
the storage space (2) and the vacuum pump (3);
a mechanical valve (8) located in the air evacu-
ation path (4);
a bypass (5), connected to the air evacuation
path (4), wherein when the vacuum pump (3) is
in work, the bypass (5) is closed; while when the
vacuum pump (3) finishes work, the bypass (5)
is opened to transport external air to the air evac-

uation path (4);
an electromagnetic valve (7), for opening or
closing the bypass (5); and wherein
after the vacuum pump (3) finishes work, the
electromagnetic valve (7) is powered on to open
the bypass (5), characterized in that after a
preset time, the electromagnetic valve (7) is
powered off, so that the bypass (5) is closed and
remains closed until next time the vacuum pump
(3) finishes work.

2. The refrigerator (1) according to claim 1, character-
ized in that, the preset time is smaller than 30 sec-
onds.

3. The refrigerator (1) according to claim 1, character-
ized in that, the preset time is 3 to 5 seconds.

4. The refrigerator (1) according to claim 1, 2 or 3, char-
acterized in that, the preset time is set by a timer.

5. A working method of a refrigerator, comprising:

starting a vacuum pump (3), so as to evacuate
at least a part of air out of a storage space (2)
capable of maintaining a low pressure state via
an air evacuation path (4) connected between
the vacuum pump (3) and the storage space (2)
said evacuation path (4) having a mechanical
valve (8); and
determining whether to stop the work of the vac-
uum pump (3); and if yes, stop the work of the
vacuum pump (3),
characterized in that, an electromagnetic valve
(7) for opening or closing a bypass (5) connected
to the air evacuation path (4) is powered on to
open the bypass (5), so as to transport external
air to the air evacuation path (4); and after a
preset time, the electromagnetic valve (7) is
powered off, and the bypass (5) remains closed
until next time the vacuum pump (3) finishes
work.

6. The method according to claim 5, characterized in
that, the preset time is 3 to 5 seconds.

7. The method according to claim 5 or 6, characterized
in that, the preset time is set by a timer.

Patentansprüche

1. Kühlschrank, der Folgendes umfasst:

einen Lagerraum (2), der in der Lage ist, einen
Niederdruckzustand beizubehalten,
eine Vakuumpumpe (3),
einen Luftevakuierungsweg (4) zwischen dem
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Lagerraum (2) und der Vakuumpumpe (3),
ein mechanisches Ventil (8) im Luftevakuie-
rungsweg (4),
einen mit dem Luftevakuierungsweg (4) verbun-
denen Bypass (5), wobei der Bypass (5), wenn
die Vakuumpumpe (3) arbeitet, geschlossen ist
und, wenn die Vakuumpumpe (3) aufhört zu ar-
beiten, geöffnet wird, damit Außenluft in den
Luftevakuierungsweg (4) transportiert wird,
ein elektromechanisches Ventil (7) zum Öffnen
oder Schließen des Bypasses (5), und wobei
das elektromagnetische Ventil (7), wenn die Va-
kuumpumpe (3) aufgehört hat zu arbeiten, ein-
geschaltet wird, damit es den Bypass (5) öffnet,
dadurch gekennzeichnet, dass das elektro-
magnetische Ventil (7) nach einem voreinge-
stellten Zeitraum ausgeschaltet wird, so dass
der Bypass (5) geschlossen wird und so lange
geschlossen bleibt, bis die Vakuumpumpe (3)
wieder aufhört zu arbeiten.

2. Kühlschrank (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass der voreingestellte Zeitraum
kürzer als 30 Sekunden ist.

3. Kühlschrank (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass der voreingestellte Zeitraum 3
bis 5 Sekunden beträgt.

4. Kühlschrank (1) nach Anspruch 1, 2 oder 3, dadurch
gekennzeichnet, dass der voreingestellte Zeitraum
durch einen Zeitschalter eingestellt wird.

5. Betriebsverfahren für einen Kühlschrank, das Fol-
gendes umfasst:

Starten einer Vakuumpumpe (3), um zumindest
einen Teil der Luft aus einem Lagerraum (2), der
in der Lage ist, einen Niederdruckzustand bei-
zubehalten, über einen Luftevakuierungsweg
(4) zwischen der Vakuumpumpe (3) und dem
Lagerraum (2) zu evakuieren, wobei der Evaku-
ierungsweg (4) über ein mechanisches Ventil (8)
verfügt, und
Ermitteln, ob die Arbeit der Vakuumpumpe (3)
eingestellt werden soll, und wenn ja, Einstellen
der Arbeit der Vakuumpumpe (3),
dadurch gekennzeichnet, dass ein elektroma-
gnetisches Ventil (7) zum Öffnen oder Schlie-
ßen eines mit dem Luftevakuierungsweg (4) ver-
bundenen Bypasses (5) eingeschaltet wird, da-
mit es den Bypass (5) öffnet und Außenluft in
den Luftevakuierungsweg (4) transportiert wird,
und das elektromagnetische Ventil (7) nach ei-
nem voreingestellten Zeitraum ausgeschaltet
wird und der Bypass (5) so lange geschlossen
bleibt, bis die Vakuumpumpe (3) wieder aufhört
zu arbeiten.

6. Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass der voreingestellte Zeitraum 3 bis 5
Sekunden beträgt.

7. Verfahren nach Anspruch 5 oder 6, dadurch ge-
kennzeichnet, dass der voreingestellte Zeitraum
durch einen Zeitschalter eingestellt wird.

Revendications

1. Réfrigérateur, comprenant :

un espace de stockage (2), apte à maintenir un
état de basse pression ;
une pompe à vide (3),
un chemin d’évacuation d’air (4), connecté entre
l’espace de stockage (2) et la pompe à vide (3) ;
une soupape mécanique (8) située dans le che-
min d’évacuation d’air (4) ;
une conduite de dérivation (5), connectée au
chemin d’évacuation d’air (4), dans lequel, lors-
que la pompe à vide (3) est en fonctionnement,
la conduite de dérivation (5) est fermée ; tandis
que lorsque la pompe à vide (3) a fini de fonc-
tionner, la conduite de dérivation (5) est ouverte
pour transporter de l’air extérieur jusque dans
le chemin d’évacuation d’air (4) ;
une soupape électromagnétique (7) pour ouvrir
et fermer la conduite de dérivation (5) ; et mais
après que la pompe à vide (3) a fini de fonction-
ner, la soupape électromagnétique (7) est mise
sous tension pour ouvrir la conduite de dériva-
tion (5), caractérisé en ce que, après une durée
prédéterminée, la soupape électromagnétique
(7) est mise hors tension, de telle sorte que la
conduite de dérivation (5) est fermée et reste
fermée jusqu’au moment suivant où la pompe à
vide (3) arrête de fonctionner.

2. Réfrigérateur (1) selon la revendication 1, caracté-
risé en ce que la durée prédéterminée est inférieure
à 30 secondes.

3. Réfrigérateur (1) selon la revendication 1, caracté-
risé en ce que la durée prédéterminée est 3 à 5
secondes.

4. Réfrigérateur (1) selon la revendication 1, 2 ou 3,
caractérisé en ce que la durée prédéterminée est
déterminée par un temporisateur.

5. Procédé de fonctionnement d’un réfrigérateur,
comprenant :

le démarrage d’une pompe à vide (3), afin d’éva-
cuer au moins une partie d’air hors d’un espace
de stockage (2) apte à maintenir un état de bas-
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se pression par un chemin d’évacuation d’air (4)
connecté entre la pompe à vide (3) et l’espace
de stockage (2), ledit chemin d’évacuation (4)
ayant une soupape mécanique (8) ; et
la détermination s’il convient d’arrêter le fonc-
tionnement de la pompe à vide (3) ; et si oui,
l’arrêt du fonctionnement de la pompe à vide (3),
caractérisé en ce qu’une soupape électroma-
gnétique (7) pour ouvrir ou fermer une conduite
de dérivation (5) connectée au chemin d’éva-
cuation d’air (4) est mise sous tension pour
ouvrir la conduite de dérivation (5), de façon à
transporter de l’air extérieur jusque dans le che-
min d’évacuation d’air (4) ; et après une durée
prédéterminée, la soupape électromagnétique
(7) est mise hors tension, et la conduite de dé-
rivation (5) reste fermée jusqu’au moment sui-
vant où la pompe à vide (3) arrête de fonctionner.

6. Procédé selon la revendication 5, caractérisé en ce
que la durée prédéterminée est 3 à 5 secondes.

7. Procédé selon la revendication 5 ou 6, caractérisé
en ce que la durée prédéterminée est déterminée
par un temporisateur.
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