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(57) The invention relates to an articles treatment ap-
paratus having a heat pump system (4), the heat pump
system having a refrigerant loop (6) comprising: a first
heat exchanger (10) for heating a refrigerant, a second
heat exchanger (12) for cooling the refrigerant, a refrig-
erant expansion device (16) arranged in the refrigerant
loop (6) between the second heat exchanger (12) and
the first heat exchanger (10), and a compressor (14) ar-

Articles treatment apparatus having heat pump system with safety element

ranged in the refrigerant loop (6) between the first heat
exchanger (10) and the second heat exchanger (12). Ac-
cording to the invention a safety unit (32; 34, 44, 38, 42)
is provided, comprising or being a refrigerant condition
detector (34, 44, 38, 42) arranged at or in fluid connection
to the refrigerant loop (6), wherein the safety unit is con-
figured to detect an overpressure state in the refrigerant
loop.

44 15a

/ -

Si/34c

12
Y
¢ - -1
/ > 10
6

3 32

Fig. 2

30

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 527 518 A1 2

Description

[0001] The invention relates to an articles treatment
apparatus, in particular to a laundry treatment apparatus,
adryer, a washing machine or a washing machine having
drying function, the apparatus comprising a heat pump
system. Preferably the heat pump system is operating
with the refrigerant being cycled in a totally supercritical
state or a transcritical state.

[0002] EP 2060671 B 1 suggests a tumble dryer hav-
ing a heat pump system in which the refrigerant is cycled
through the refrigerant loop in the gaseous state.
[0003] The tumble dryer of WO 2008/105232 A1 has
a heat pump system using CO, as refrigerant. In the dry-
ing or process air cycle a CO, leak detector is provided
which monitors presence of abnormal CO, levels in the
process air, which might unintentionally leak out of the
CO,, refrigerant loop of the heat pump system. When CO,
is detected, the closed process air cycle is opened by
sucking ambient air through the drum and exhausting
process air between the gas cooler and the gas heater
of the heat pump system. WO 2008/105233 Al provides
a similar tumble dryer in which upon detecting a leak the
loading door for loading laundry into the drum is safety
locked.

[0004] It is an object of the invention, to provide an
articles treatment apparatus having an improved safety
feature and a method of operating the articles treatment
apparatus.

[0005] The invention is defined in claims 1 and 19, re-
spectively. Particular embodiments are set out in the de-
pendent claims.

[0006] According to claim 1 an articles treatment ap-
paratus is provided that has a heat pump system with a
refrigerant loop. The articles treatment apparatus may
be a washing machine, a washing machine having drying
function, a tumble dryer, a cabinet dryer or a dishwasher.
The heat pump system comprises a refrigerant loop in
which the refrigerant is circulated by the pumping activity
of a compressor. The high pressure refrigerant that was
pumped by the compressor is flowing into a second heat
exchanger for cooling the refrigerant, which means that
the heat of the high pressure refrigerant is transferred
from the refrigerant to another medium. In case the arti-
cles treatment apparatus being a dryer cabinet, a tumble
dryer or washing machine, where the pump system is
used for the drying function, the medium is the processing
air for drying the laundry. In case the article treatment
apparatus is a dishwasher or a washing machine, the
heat is transferred to the washing liquor or liquid.
[0007] The refrigerant cooled in the second heat ex-
changer is leaving the second heat exchanger and is
flowing to a refrigerant expansion device in which the
pressure of the refrigerant is significantly reduced. The
expanded and low-pressure refrigerant that has passed
the refrigerant expansion device flows into a first heat
exchanger for heating/evaporating the refrigerant. The
heating of the refrigerant is made by transferring heat
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from a medium surrounding or flowing through the first
heat exchanger to the refrigerant. Preferably in a cabinet
dryer, atumble dryer or a washing machine having drying
function the medium transferring heat to the refrigerant
in the first heat exchanger is the processing air and pref-
erably the same medium as the one that receives heat
in the second heat exchanger. In case of a washing ma-
chine or dishwasher the medium for heating the refriger-
ant in the first heat exchanger is for example ambient air
that is flown from outside through the first heat exchanger
and then the cold ambient air is exhausted to the outside
environment of the articles treatment apparatus.

[0008] According to the invention a safety unit com-
prising or being a refrigerant condition detector is ar-
ranged at or in fluid connection with the refrigerant loop.
A refrigerant condition detector is for example a refriger-
ant pressure detector, a refrigerant temperature detector
and/or a refrigerant release detector. The pressure de-
tector is preferably in fluid connection to the refrigerant
loop so that a pressure at a predefined location of the
refrigerant loop can be detected. If on the other hand the
temperature of the refrigerant is to be detected at a pre-
defined position of the refrigerant loop, the refrigerant
temperature detector may be arranged in thermal contact
with the piping system connecting the above mentioned
components of the heat pump system, the temperature
detector may be in fluid contact with the refrigerant in the
refrigerant loop or may be arranged in thermal contact
with the refrigerant that is guided through the first heat
exchanger, the second heat exchanger, the refrigerant
expansion device or the compressor. The refrigerant re-
lease detector may be a mechanically switched detector,
a flow detector and/or a flow rate detector or any other
detector detecting the release of refrigerant, for example
the release of refrigerant through a valve or refrigerant
release device that is normally not open. Herein, if refer-
ence is made to valve (e.g. refrigerant expansion valve
or pressure release valve) it is to be understood that
‘valve’ is generally an example for 'device’ (e.g. refriger-
ant expansion device or pressure release device). In an
embodiment, the refrigerant release device is not the re-
frigerant expansion device and/or the refrigerant release
device is provided in addition to the refrigerant expansion
device and its function.

[0009] The safety unit is configured to detect an ab-
normal state or condition of the refrigerant in the refrig-
erant loop. In the preferred embodiment the abnormal
state or condition is an overpressure state, in particular
an overpressure state of the refrigerant in the section of
the refrigerant loop which is located between the com-
pressor outlet or outlet side and the inlet or inlet side of
the refrigerant expansion device ("the high pressure
branch" of the refrigerant loop). More preferably the safe-
ty unit is adapted to detect the refrigerant overpressure
state in the section of the refrigerant loop between the
compressor outlet or outlet side and the inlet or inlet side
of the second heat exchanger.

[0010] As under predefined conditions an overpres-
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sure state also means a temperature of the refrigerant in
a predefined range, detecting the temperature ("the over
or excess temperature") is an equivalent means for indi-
rectly detecting an overpressure state, i.e. an abnormal
state. Further, if the refrigerant release detector is used
to detect release of refrigerant at a predefined position,
for example through an overpressure valve which is part
of the heat pump system, and if under normal operation
condition no refrigerant is released at this position, the
refrigerant release detector may be alternatively or ad-
ditionally used to detect the abnormal state.

[0011] The abnormal state refrigerant condition detec-
tion using for example refrigerant temperature, refriger-
ant pressure and/or refrigerant release can be combined
in any combination. For example a double check of con-
ditions for determining the abnormal state can be used
in that on the one hand the abnormal state is detected
based on the pressure and on the other hand the occur-
rence of the abnormal state is double checked using the
temperature.

[0012] Inthe preferred embodimentthe abnormal state
is the overpressure state of the refrigerant that is detected
as mentioned above. l.e. preferably the overpressure
state of the refrigerant is detected using pressure and/or
temperature detection of the refrigerant - preferably in
the high pressure side of the heat pump system.

[0013] Preferably the refrigerant used in the refrigerant
loop is CO,. Alternatively or additionally the heat pump
system is operated such that the refrigerant is above the
critical pressure (beyond the critical point such that the
refrigerant is in the fluid or supercritical phase) at least
in the high pressure side or branch of the refrigerant loop.
[0014] Theinvention is notonly limited to articles treat-
ment apparatus but is fully applicable for household ap-
pliance not necessarily treating articles. This means that
the invention and all embodiments set out in the depend-
ent claims and the description is also implemented by:

A home appliance, in particular a dryer, washing ma-
chine, washer-dryer, dishwasher, cooling appara-
tus, refrigerator, freezer or air conditioner, having a
heat pump system, the heat pump system having a
refrigerant loop comprising:

a first heat exchanger for heating a refrigerant
and in particular for cooling a medium,

a second heat exchanger for cooling the refrig-
erant and heating the medium,

a refrigerant expansion device arranged in the
refrigerant loop between the second heat ex-
changer and the first heat exchanger,

a compressor arranged in the refrigerant loop
between the first heatexchanger and the second
heat exchanger, and

a safety unit comprising or being a refrigerant
condition detector arranged at or in fluid connec-
tion to the refrigerant loop, wherein the safety
unitis configured to detectan overpressure state
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in the refrigerant loop. This correspondingly ap-
plies for the method of operating an articles
treatment apparatus which is then a method of
operating a home appliance.

[0015] Thus notnecessarily an article treatment cham-
ber is required and consequently not necessarily articles
to be treated are required in the home appliance or meth-
od of operating the home appliance. The medium that is
exchanging heat at or in the first and second heat ex-
changer is not necessarily used for articles treatment.
For example the medium is air or water that is heated/
cooled by the medium. For example the home appliance
is a cooling apparatus like a refrigerator, a freezer or an
air conditioner. The home appliance in its application for
treating articles is for example a laundry treatment ap-
paratus like a washing machine, a dryer-washer or a dry-
er. Or the articles treating home appliance is a dishwash-
er.

[0016] In the preferred embodiment the medium is air
and the first heat exchanger for cooling the medium is at
the same time adapted to dehumidify the air flown
through or over the first heat exchanger.

[0017] Inanembodiment, for returning from the abnor-
mal state to the normal or steady state, the textiles treat-
ment apparatus is operated as follows: The refrigerant
pressure is detected and in case of an overpressure state
(which is detected for example using the pressure and/or
temperature sensor and by evaluating it by the control-
ler), moderate countermeasures are executed under the
control of the controller to overcome the overpressure
state (like reducing the pumping rate of the compressor
or temporally stopping the compressor and/or further
opening the expansion device). On the other hand, when
detecting refrigerant release by the refrigerant release
detector a more significant change in the operation mode
of the articles treatment apparatus (e.g. in its pump sys-
tem) is executed, like stopping the compressor perma-
nently or over an extended period.

[0018] Preferably the normal operation state is the op-
eration state of the heat pump system after the warm-up
period. l.e. the refrigerant in the high pressure and/or low
pressure branches of the refrigerant loop has a reached
a set value for the refrigerant temperature and/or pres-
sure or is within a target range around the set value for
the refrigerant temperature and/or pressure. In this nor-
mal or steady operation state preferably the heat depos-
ited by the compressor in the refrigerant loop is removed
by a heat sink being in heat transfer connection with the
refrigerant loop.

[0019] Preferably ablower is provided which in the nor-
mal state or steady state blows ambient air over the com-
pressor and/or over an auxiliary heat exchanger that is
included in the refrigerant loop.

[0020] According to an embodiment the refrigerant
condition detector provides a detector signal that may be
used by other components and/or a control unit of the
heat pump system or articles treatment apparatus to
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modify or change a state of the heat pump system as
such or a component thereof. The refrigerant condition
detector may operate as a switch, for example as a pres-
sure switch that is switching at a predefined pressure
level. Or the refrigerant condition detector provides a sig-
nal to a controller of the articles treatment apparatus or
the controller of the heat pump system or a dedicated
controller for monitoring the signal of the refrigerant con-
dition detector, which evaluates or processes the detec-
tor signal and provides a decision on the presence or
absence of an abnormal state. In response to the refrig-
erant condition detector signal a state of a switch can be
changed - either by the detector directly or via one of the
previously mentioned controllers, and initiated by the
switching state of the switch one or more components of
the articles treatment apparatus and/or the heat pump
system (e.g. the refrigerant expansion device, the com-
pressor, a blower) are switched off or are opened (e.g.
the expansion device). Or the evaluation or processing
of the detector signal in the controller of the treatment
apparatus, the heat pump system or the dedicated con-
troller results in a change of the operation control process
of one or more components of the articles treatment ap-
paratus or heat pump system (change of operation of the
component see below).

[0021] Preferably the refrigerant condition detector
provides a switching signal, an analog signal indicating
for example the condition of the refrigerant in analog form
(e.g. in dependency of the amount, intensity or level of
the monitored condition (refrigerant pressure, tempera-
ture and/or release), or may provide a frequency and/or
amplitude modulated signal which is correspondingly
processed for evaluating and detecting the refrigerant
condition or state.

[0022] Using the refrigerant condition detector as a
switch allows changing the operation state of the heat
pump system on a sub-controller level, i.e. no controller
evaluating the signal is required, which thus provides a
core-safety function for the articles treatment apparatus.
If on the other hand the change of the operation condition
of the heat pump system is monitored by supplying the
detector signal to a controller, then a more flexible and
more sophisticated control activity can be implemented
under the control of the controller. The controller evalu-
ating, processing and modifying the processing state of
the heat pump system may for example be a sub-unit
controller, the controller of the heat pump system or the
controller of the articles treatment apparatus. Of course,
generally the sub-level controller or the heat pump sys-
tem controller may be implemented in the controller or a
control unit of the articles treatment apparatus.

[0023] In case the detector signal of the refrigerant
condition detector is acting via a sub-controller level onto
one of the components of the articles treatment appara-
tus, for example if the compressor is switched off by the
switching signal of a pressure detector, then preferably
the controller of the heat pump system or the articles
treatment apparatus receives at the same time a switch-
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ing signal from the refrigerant condition detector and/or
detects a change in the state of a component of the heat
pump system using another sensor or detector. If for ex-
ample the power supply to the compressor is switched
off by the refrigerant pressure detector or by its dedicated
sub-level controller or control electronics, then a signal
from the detector supplied to the heat pump system con-
troller or articles treatment apparatus controller may in-
dicate non-operation of the compressor.

[0024] Preferably, in dependency of the refrigerant
condition indicated by the detector signal or switching
signal of the refrigerant condition detector an operation
mode of the heat pump system is modified. For example
(see above) the modification can be made on a sub-con-
troller level or can be made on a controlled level executed
by a controller or controller sub-unit of the articles treat-
ment apparatus or heat pump system. Modification of the
operation mode of the heat pump system can be execut-
ed by one or any arbitrary combination of the following:
The operation mode of the articles treatment apparatus
as such can be modified. For example the article treat-
ment apparatus can change from the user selected pro-
gram to a security program in which the treatment proc-
ess is finished, but e.g. with a reduced efficiency as com-
pared to the previously selected program. Alternatively
or additionally the operation mode of the compressor is
changed. Alternatively or additionally the opening state
of the refrigerant expansion valve and/or a pressure re-
lease valve is modified. Alternatively or additionally the
operation mode of an air blower is modified. The air blow-
er may for example be a blower that is conveying the
processing air or ambient air. If for example ambient air
is used to cool the second heat exchanger and/or the
compressor and/or an auxiliary heat exchanger, the con-
veyance rate can be increased or maximized. In an em-
bodiment the blower is an ambient air blower that sucks
in ambient air from outside the articles treatment appa-
ratus. Preferably the ambient air conveyed by the blower
is used in the normal operation state or steady state to
remove heat from the refrigerant loop. Preferably the am-
bient air is flown through or over the compressor and/or
an auxiliary heat exchanger (auxiliary condenser).
[0025] The modification of the operation mode of the
articles treatment apparatus may be a switching off of
the article treatment apparatus, setting it to a stand-by
mode until the abnormal state is overcome (which for
example may be detected via the state of the detector
signal for the refrigerant condition detector), or the stand-
by mode is activated for a predetermined time period.
Alternatively or additionally the operation mode of the
articles treatment apparatus may be changed to a se-
cured operation mode in which the heat pump system is
operated under a predetermined maximum load. If for
example the ambient condition or the ambient tempera-
ture is high and the heat pump system came to the ab-
normal state due to the high ambient temperature, then
the secured operation mode may provide a slowed down
process where the heat pump system may securely op-



7 EP 2 527 518 A1 8

erate even under high ambient temperature condition.
The predetermined maximum load (preferably the time-
averaged maximum load) is for example up to 95%, 90%,
85% or 80% of the nominal operation power for the ex-
ecuted process. For example the compressor is operated
with such reduced maximum or nominal power. This
means for example an extended processing time as com-
pared to the normal processing under moderate ambient
conditions. The modified operation mode of the compres-
sor may include one or more of the following, in particular
any combination of the following: The power supply to
the compressor can be interrupted for at least a period
of time, the operation speed or pumping rate of the com-
pressor can be reduced, for example for the rest of the
running process or for a predefined period or time or until
a returned to normal state (the current condition is for
example indicated by one or more refrigerant condition
detectors). Or the compressor can be set to a stand-by
mode (which means a stand-by mode for the heat pump
system in general) until the state of the detector signal
or switch signal of the refrigerant condition detector has
returned to normal state (abnormal state is overcome).
Or the compressor is intermittently switched on or off or
the off/on duty cycle of operation periods for the com-
pressor is increased.

[0026] Modification ofthe opening state ofthe pressure
release valve may include one or more of the following
or any combination thereof: The pressure release device
(e.g. valve) is opened for a predefined period to release
some refrigerant, preferably to release refrigerant from
the high pressure branch of the refrigerant loop. Or the
opening period of the pressure release device is adapted
in dependency of the detector signal. If for example a
moderate overpressure state (abnormal state) is indicat-
ed, the pressure release device may be opened for a
short period, while, if a high overpressure state is indi-
cated, the pressure release device is opened for an ex-
tended period. Alternatively the pressure release device
is opened as long as the detector signal (including the
switching state of the detector) indicates the abnormal
state of the refrigerant. Modification of the opening state
of the refrigerant expansion device may be performed
the same way as the pressure release device, wherein
releasing refrigerant from the high pressure branch to
the low pressure branch of the refrigerant loop is made
by partially or fully opening the refrigerant expansion de-
vice, if it is a controllable or/and adjustable refrigerant
expansion device, or a bypass valve bypassing the re-
frigerant expansion device is opened.

[0027] If an air blower is used in the articles treatment
apparatus, upon detecting the abnormal state, the air
blower can be activated, its flow rate can be increased
in dependency of the detector signal or as long as the
abnormal state is detected via the detector signal of the
refrigerant condition detector. As mentioned above, the
air blower may be the blower for circulating the process
airin a dryer or dryer cabinet or washing machine having
dryer function, the blower can be an ambient air blower
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that is blowing the air to the second heat exchanger, the
compressor and/or an auxiliary heat exchanger.

[0028] When the abnormal state is detected by the re-
frigerant condition detector and/or by evaluating or
processing the detector signal from the refrigerant con-
dition detector, the refrigerant expansion valve and/or
the pressure release valve are opened. For example if
the refrigerant expansion valve and/or the pressure re-
lease valve are normally open valves (which completely
or at least partially open upon removing the power supply
thereto), the refrigerant can flow through the expansion
valve and/or pressure release valve when the power sup-
ply thereto is cut off to reduce the refrigerant pressure,
e.g. at the high pressure branch of the refrigerant loop.

[0029] Generally the pressure release from the high
pressure branch of the refrigerant loop can be made by
releasing refrigerant to the low pressure branch of the
refrigerant loop, to a refrigerant reservoir unit that is con-
nected to the refrigerant loop (but not part of the active
refrigerant loop), and/or refrigerant may be released to
the outside of the refrigerant loop, in particular to the am-
bient and/or inner environment of the articles treatment
apparatus.

[0030] In an embodiment the safety unit comprises a
safety circuit which receives the signal from the refriger-
ant condition detector and processes it. Processing can
include to determine whether a predefined threshold has
been reached or exceeded. Alternatively or additionally
processing results for example in a proportional reaction
in response to the strength, intensity and/or amplitude of
the signal from the refrigerant condition detector and in-
itiates a modification of the operation state of the articles
treatment apparatus, the heat pump system and/or indi-
vidual components of the heat pump system. A dedicated
safety circuit (the sub-controller unit) may be an analog
circuit, a digital circuit or a hybrid circuit. Additionally or
alternatively the safety circuitis embedded in a controller
of the articles treatment apparatus, for example in the
main control unit of the articles treatment apparatus or a
controller of the heat pump system.

[0031] In an embodiment, when the signal from the
refrigerant condition detector indicates that there is no
longer an overpressure state after an overpressure state
emerged, the operation of the articles treatment appara-
tus returns to a normal operation mode. In particular the
operation mode that was selected by the user and exe-
cuted by the controller until a time point when the abnor-
mal condition occured. More preferably the operation
mode is resumed at a program position or program state
at the time where the abnormal condition was detected.
[0032] In particular when the abnormal state was only
a temporary and/or less severe state of the heat pump
system, further operation and continuing the previously
interrupted program is saving time and does not have
negative effects on the articles treatment apparatus.
Preferably resuming of normal operation and controlling
overcoming the abnormal state is executed by a control-
ler of the articles treatment apparatus or the heat pump
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system. Preferably a controller of the articles treatment
apparatus and/or the heat pump system is adapted to
record the number of interruptions of the normal opera-
tion mode due to an abnormal state. If a predefined
number of repeated abnormal states has been reached,
the controller sets the articles treatment apparatus into
a permanent off or a stand-by state and indicates that
maintenance or service is mandatory before the articles
treatment apparatus can be operated again.

[0033] Preferably the controller of the articles treat-
ment apparatus or the heat pump system indicates to the
user a signal that an abnormal state is happening or hap-
pened. More preferably, if a first predefined number of
interruptions due to the abnormal state happened or if
the degree or severity of abnormal state has achieved a
predefined first level, the controller is adapted to indicate
to the user that service and/or maintenance is required.
In this state the articles treatment apparatus can be fur-
ther operated without limitations or the controller may
provide that operation under reduced capability of the
heat pump system is effected. For example the heat
pump system may be operated with less than 95% or
less than 90%, 85% or 80% of its maximum or nominal
heat pump power.

[0034] Preferably overcoming of the abnormal state is
detected by the refrigerant condition detector which was
used to detect the abnormal state. Additionally or alter-
natively overcoming of the abnormal state (for example
the overpressure, over temperature or refrigerant release
state) can be detected by a detector that is arranged in
fluid connection or mechanical connection or heat trans-
fer connection to the low pressure branch of the heat
pump system. The return to the normal state or overcom-
ing the abnormal state is detected for example by detect-
ing an increase in the refrigerant pressure and/or tem-
perature in the low pressure branch which means that
(more) refrigerant has been released from the high pres-
sure branch to the low pressure branch. Alternatively or
additionally resuming the normal state (where the abnor-
mal state is overcome) is detected by a detector arranged
at or in connection, preferably fluid connection, to the
high pressure branch or side of the heat pump system.
As mentioned, preferably the detector used for detecting
the abnormal state is used. However, another detector
detecting the refrigerant condition in the high pressure
branch may be used. Signals from detectors detecting
resuming of the normal condition or overcoming the ab-
normal state in the high and low pressure branch of the
refrigerant loop can be combined to have a double check
that the abnormal state is overcome. Overcoming the
abnormal state is for example detected when the prede-
fined level of pressure, temperature and/or release of
refrigerant is undershoot, preferably the one level that
was previously used to determine the abnormal state.
[0035] In an embodiment the articles treatment appa-
ratus comprises a refrigerant release device for releasing
refrigerant out of the heat pump system and/or a release
device for releasing refrigerant from the high pressure
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side to the low pressure side of the heat pump system.
The refrigerant release device may be an active device
or a passive device. A passive device responds for ex-
ample upon reaching a predefined threshold value (e.g.
of pressure and/ortemperature) and opens automatically
when the threshold predefined threshold value has been
reached or overshoot. An active refrigerant release de-
vice may be a device that opens and closes under the
control of the controller of the article treatment apparatus
or the heat pump system.

[0036] In a further embodiment a refrigerant container
for receiving the released refrigerant is provided and in
fluid connection with the refrigerant release device. Thus
when the refrigerant release device is activated, the re-
leased refrigerant is collected. The released refrigerant
may be permanently collected in the refrigerant container
or may be returned back into the refrigerant loop using
a controlled release device (for example the release de-
vice that released the refrigerant in the abnormal state)
or can be automatically or controlled released by another
refrigerant release device, like a controlled or overpres-
sure valve.

[0037] Preferably, if a refrigerant release device is
used, a refrigerant release detector is assigned to the
release device, which is for example arranged close to,
in contact with or within a refrigerant passage of the re-
lease device to the detect the release of the refrigerant.
[0038] Reference is made in detail to preferred em-
bodiments of the invention, examples of which are illus-
trated in the accompanying figures, which show:

Fig. 1 a schematic view of a dryer with a heat
pump system;

Fig. 2 a more detailed schematic view of com-
ponents of the heat pump system;

Fig. 3 a more detailed schematic view of a res-
ervoir unit of the heat pump system;

Fig. 4a a more detailed schematic view of anoth-
er embodiment of the reservoir unit for
the heat pump system;

Fig. 4b amore detailed schematic view of yet an-
other embodiment of the reservoir unit for
the heat pump system;

Fig. 5 a schematic view of a washing machine
using the heat pump system, and

Figs. 6a, 6b  transcritical and supercritical refrigerant
cycling processes.

[0039] Fig. 1 depicts in a schematic presentation a

home appliance 2 which in this embodiment is a tumble
dryer, especially a heat pump tumble dryer. The tumble
dryer comprises a heat pump system 4, including: a first
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heat exchanger device 10 acting as gas heater, a second
heat exchanger 12 acting as gas cooler, a compressor
14 and an expansion device 16. Together with the refrig-
erant pipe connecting the components of the heat pump
system 4 in series, the heat pump system forms a refrig-
erant loop 6 through which - in normal operation - the
refrigerant is circulated by the compressor 14 as indicat-
ed by arrow B.

[0040] In the embodiment of Fig. 2 the expansion de-
vice 16 is a controllable valve that operates under the
control of a control unit 30 to adapt the flow resistance
for the refrigerant in dependency of operating states of
the heat pump system. In alternative embodiments the
expansion device 16 can be a capillary tube, a valve with
fixed expansion cross-section, a throttle valve with vari-
able cross section that automatically adapts the expan-
sion cross-section in dependency of the refrigerant pres-
sure (e.g. by elastic or spring biasing), a semiautomatic
throttle valve in which the expansion cross-section is
adapted in dependency of the temperature of the refrig-
erant (e.g. by actuation of a thermostat and/or where the
temperature of the refrigerant is taken between the gas
cooler and the gas heater, the gas heater and the com-
pressor, or the compressor and the gas cooler), or the
like.

[0041] The process air flow within the home appliance
2 is guided through a compartment 18 of the home ap-
pliance 2, i.e. through a compartment 18 for receiving
articles to be treated, e.g. a drum 18. The articles to be
treated are textiles, laundry, clothes, shoes, dishes or
the like. In the embodiment of Figs. 1 and 5 these are
textiles, laundry, clothes. The process air flow is indicated
by arrows Ain Fig. 1 andis driven by a blower 19. Outside
the compartment 18 the process air A is guided through
an air channel 20. The air exiting the compartment 18
(here drum) through outlet 24 is filtered by fluff filters 22
arranged in or at the channel 20, flows through the first
heat exchanger 10, through the second heat exchanger
12 andis guided back through an or a plurality of openings
in the compartment into the compartment 18. Thus a
closed process air loop is formed.

[0042] When the heat pump system 4 is operating in
the equilibrium or a normal mode (after the warm-up pe-
riod after starting the heat pump system 4 from low re-
frigerant pressure and low temperature state), the first
heat exchanger 10 transfers heat from the process air to
the refrigerant. By cooling the process air to lower tem-
peratures, humidity from the process air condenses at
the first heat exchanger 10, is collected there and the
collected condensate is drained to a condensate collector
26. The process air cooled and dehumidified when pass-
ing the first heat exchanger passes then through the sec-
ond heat exchanger 12 where heat is transferred from
the refrigerant to the process air. The process air is
sucked from exchanger 12 by the blower 19 and driven
into the compartment where it heats up the articles and
receives the humidity therefrom.

[0043] Fig. 2 shows in schematic representation more
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details of the heat pump system 4. The heat pump system
4 is controlled by a heat pump controller 32 which in turn
is part of the control unit 30 of the home appliance 2. As
mentioned above, here the expansion device 16 is a con-
trollable valve in which the flow resistance for the refrig-
erant can be controlled by an actuator (motor, solenoid
or the like) via an adjustable flow cross-section. The heat
pump controller 32 controls a power converter 15 which
is supplying electrical power to the compressor 14 and
is monitoring it. The power converter 15 is connected to
a power source 15a like the home power grid and con-
verts it into electrical signals convenient for the motor of
the compressor. At the same time the power converter
15 includes a heat and over current sensor for motor
protection. Control and monitoring signals are sent be-
tween the converter 15 and the controller 32.

[0044] The heat pump system 4 or the refrigerant loop
6 can be considered as having two branches. The first
branch is the high pressure side which is the loop part
from the exit of the compressor 14 through exchanger
12 to the input of the expansion device 16 (more precisely
to its reduced cross-section). The second branch is the
low pressure side which is the loop part from the exit of
the expansion device 16 (more precisely fromits reduced
cross-section) through the first heat exchanger 10 to the
input of the compressor 14. When the heat pump system
4 is off and temperature is reduced to or towards ambient
temperature, the pressure throughout the refrigerantloop
6 is equalized, also in both branches. When the com-
pressor is started, the pressure in the high pressure
branch is going up and the pressure in the low pressure
branch is going down to a minimum. After compressor
start the temperature of the refrigerant in the heat pump
system 4 is increasing. With increasing refrigerant tem-
perature the pressures in the two branches is increasing
too, while a pressure difference is maintained between
the high pressure branch and the low pressure branch.
If for example CO, is used as refrigerant, the equilibrated
pressure (high and low pressure branch have same pres-
sure) under ambient conditions (temperature in range 15
to 35°C) of the refrigerant is in the range 40 to 65 bar. In
steady-state operation the CO, pressure in the high pres-
sure branch may go up to 120 bar and the overpressure
value may be set to 140 bar.

[0045] In the start-up or warm-up phase of the heat
pump system 4, i.e. when the refrigerant pressure and
the refrigerant temperature is low at the high pressure
side, the flow cross-section of the expansion device 16
is reduced to accelerate the pressure and temperature
build-up at the high pressure side of the heat pump sys-
tem 4. When the steady state is achieved or when ap-
proaching it, the cross-section of expansion device 16 is
enlarged under the control of heat pump controller 32.
By enlarging the cross-section the flow resistance for the
refrigerant is reduced and the pressure and/or tempera-
ture increase of the refrigerant in the high-pressure
branch of the refrigerantloop 6 is slowed down and finally
stopped to achieve steady state.
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[0046] Ideally all power input to the compressor is
transformed to heat and work deposited in the refrigerant
by pumping activity of the compressor resulting in the
increase of temperature and pressure in the refrigerant
at the high pressure side of the refrigerant loop 6. Further
ideally no heat is lost from the refrigerant loop and the
process air loop (including the heat deposited in the hu-
midity of the laundry and the laundry to be dried) so that
these two loops preserve the energy input via the com-
pressor. As refrigerant pressure and/or temperature
would permanently increase during compressor opera-
tion under ideal conditions, no steady state would be
achieved. Thus 'steady state’ is effected via a controlled
change in the heat pump system, under the control of
the heat pump controller 32. In the present embodiment
a blower 17 is activated to blow ambient air flow 17a to
the compressor 14. The blower 17 is activated when the
heat pump controller 32 detects optimum or close opti-
mum operation conditions for the heat pump system 4
(predefined temperature and/or pressure or temperature
and/or pressure ranges of the refrigerant).

[0047] Instead or additionally to cooling of the com-
pressor 14 by ambient air blown from blower 17, an aux-
iliary heat exchanger connected to the refrigerant loop 6
or any other heat exchanger means for removing heat
from the refrigerant loop 6. Alternatively or additionally
to the ambient air any other heat sink can be connected
to the refrigerantloop 6. The steady state is then the state
achieved after the warm-up period in which the power
deposited by the compressor in the refrigerant loop (and
the heat-connected processing air loop) is removed by
the ambient air ventilated by the blower 17. Thus the term
‘steady state’ means here the heat pump system 4 has
achieved its nominal operation condition where the pres-
sure and temperature of the refrigerant have achieved
their set values. Normally the heat transfer efficiency of
the heat pump system 4 is atits maximum in steady state.
The ’'steady state’ also allows variations in refrigerant
pressure and temperature within a given target range.
[0048] Instead orin addition to providing the blower 17
for cooling the compressor 14 by ambient air, heat can
be removed from the refrigerant loop 6 (from the heat
pump system 4) by a heat sink connected to the refrig-
erant loop 6 to take away heat from the refrigerant. For
example an auxiliary heat exchanger (condenser; not
shown) can be connected in the refrigerant loop 6 and
heat is removed via an ambient air flow through or across
the auxiliary heat exchanger for cooling the refrigerant.
As described above heat removal is activated according
to the conditions or requirements of the steady state.
[0049] Under the control of the heat pump controller
32, the set values for refrigerant temperature and pres-
sure may be varied over time. In the dryer 2, in a washing
machine having drying function, or a dryer cabinet or ap-
paratus, the humidity of the articles to be dried changes
over time such that normally the process air temperature
of the process air flowing out of the laundry compartment
18 increases when the operation conditions of the heat
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pump system 4 are maintained. To avoid this process air
temperature increase over time, the temperature of the
refrigerant in the gas cooler 12 can be reduced - and thus
heat transfer to the process air that is to be blown into
the laundry compartment 18. Reduction of refrigerant
temperature in the gas cooler can for example be
achieved by reducing the refrigerant pressure in the gas
cooler (accompanied by reduction of pressure difference
in the two branches). This means that the 'steady state’
is not necessarily invariant over time - rather it means
that the current given set values (e.g. for refrigerant pres-
sure and/or temperature) are achieved within the given
target range. In the application of the heat pump system
4 composed according to the invention herein to a wash-
ing machine (see Fig. 5 below) for heating washing liquid,
the change of ’'steady state’ over time can become nec-
essary when the washing liquid is gradually heated up
and the operation cycle of the refrigerant needs to be
adjusted to improve efficiency of heat exchange in de-
pendency of the changing washing liquid temperature.
[0050] Anabnormaloperation state happens, whenre-
frigerant pressure and/or temperature runs out of the giv-
en target range. Preferably the heat pump system 4 of
the presentinvention operates with refrigerant cycles that
are in the transcritical range (transcritical thermodynamic
cycle) as shown in Fig. 6a or in the supercritical range
(totally supercritical cycle) as shown in Fig. 6b. In the
transcritical cycle the compression (#1 > #2) transforms
the refrigerant parameters so that they lie in the super-
critical fluid range beyond the critical point CP. By ex-
pansion (#3 > #4) the refrigerant parameters return to
the liquid and vapor phase. In the totally supercritical cy-
cle the refrigerant parameters always lie in the supercrit-
ical fluid range beyond the critical point CP. In both cases
the respective cycle is established when the steady state
has been achieved after warm-up phase when starting
from ambient conditions. Preferably CO, is used as re-
frigerant which has a critical point CP at the critical pres-
sure of 73.8 bar and critical temperature of 31.0 °C.
[0051] Inparticular when operating the heat pump sys-
tem 4 in the transcritical or totally supercritical refrigerant
cycle and using CO,, the pressure in the high pressure
branch may be pumped with up to 120 bar by the com-
pressor 14 in normal operation. Under abnormal condi-
tions, the compressor 14 may charge the high pressure
branch with 140 bar or more. A sudden and unintentional
or uncontrolled refrigerant release at this pressure to the
outside of the heat pump system 4 may have adverse
effects to the home appliance (e.g. dryer 2 or washing
machine 70) or may result in discomfort for the user. To
avoid uncontrolled refrigerant release, the following safe-
ty measures are implemented in the home appliance and
by the operation method thereof:

a) The temperature and/or pressure at the high pres-
sure branch of the refrigerant loop 6 is detected or
sensed and when a critical value is reached or ex-
ceeded, the expansion device 16 is opened or by-
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passed by a bypass arrangement 46.

b) The temperature and/or pressure at the high pres-
sure branch of the refrigerant loop 6 is detected or
sensed and when a critical value is reached or ex-
ceeded, the pumping rate of the compressor 14 is
reduced or it is switched off.

c) A relief valve 36 is provided connecting the high
pressure branch to the low pressure branch. When
a critical pressure level is reached or exceeded, the
valve 36 opens to release refrigerant from the high
pressure to the low pressure branch.

d) An exhaust valve 40 is provided at the high pres-
sure branch. When a critical pressure level is
reached or exceeded, the valve opens and refriger-
ant is exhausted at a predefined position out of the
refrigerant loop 6.

e) A reservoir unit 50 is provided which temporarily
receives refrigerant from the refrigerant loop 6 in an
abnormal (overpressure/over-temperature) state
and returns the refrigerant into the refrigerant loop 6
at a later time.

f) A pressure switch 80 is provided in fluid connection
to the high pressure branch, wherein the electrical
contacts of the switch open or close the power line
connection 82 to the compressor 16.

g) Implementing safeguard by monitoring and con-
trol activity of the heat pump controller 32.

[0052] These safety means and measures a) to f) can
be provided in the heat pump system 4 individually or
can be combined in any arbitrary combination. This
means that while all elements are shown in Fig. 2 or Fig.
5 only one or some or all may be implemented in the heat
pump system 4 to be used for the home appliance. Some
combinations are preferred ones. For example a bypass
arrangement 46 would not be used with an adjustable
expansion device 16 (as the one shown), while it advan-
tageously could be used, if the expansion device 16 is
invariant like a capillary tube. The above safety means
and measures are now explained in more detail:

a) Expansion Device 16 and/or Bypass Arrangement 46
as Safeguard

[0053] For detecting an abnormal state, a pressure
sensor 34 is connected to the high pressure branch of
the heat pump system 4. Alternatively or additionally for
detecting the abnormal state, a temperature sensor 44
is in thermal contact with the refrigerant at the high pres-
sure branch. As normally the pressure in the system 4
increases with temperature, the temperature is an indi-
rect indication for the pressure in the system - at least
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under defined operation conditions of system 4.

[0054] Preferably the pressure sensor 34 and/or tem-
perature sensor 44 are connected in the section of the
high pressure branch which is between the outlet or outlet
side of the compressor 14 and the inlet or inlet side of
the second heat exchanger 12. The reason is that in this
section the detection of overpressure and/or over-tem-
perature (can also be denoted as excess temperature)
is more reliable as compared to the detection at a down-
stream section of the high pressure branch where a tem-
perature or pressure drop within the loop may happen,
in particular a drop within the gas cooler 12.

[0055] The signal(s) from sensor 34 and/or 44 is fed
to the heat pump controller 32. Here the signal(s) are
processed to detect the abnormal state. Preferably the
signals are also processed in the controller 32 to monitor
the normal state and/or warm-up phase conditions or oth-
er less safety-relevant conditions of the heat pump sys-
tem4. Aless safety-relevant condition exists for example,
if refrigerant pressure and/or temperature are below a
minimum pressure and/or temperature value before
starting the heat pump system 4, during its warm-up
phase or during the steady state. The insufficiency value
(s) indicate for example insufficient refrigerant for prop-
erly operating system 4.

[0056] If an abnormal state is detected on the basis of
an refrigerant overpressure and/or temperature by the
heat pump controller 32, the heat pump controller 32 con-
trols the expansion device 16 (in case of a controllable,
adjustable expansion device like the controllable valve
depicted as 16) to open partially or fully. By opening the
expansion device 16 partially or fully, flow resistance is
reduced (e.g. by opening the restricting cross-section)
and the pressure drop from the high pressure to the low
pressure branch is reduced.

[0057] When the heat pump controller 32 detects via
sensor(s) 34 and/or 44 that the refrigerant overpressure
and/or temperature state is overcome, normal operation
mode (e.g. steady state operation) can be resumed. Oth-
er control routines for operating the home appliance, in
particular the heat pump system 4, after detection of the
abnormal state are described below. Resuming normal
operation mode when option a) is implemented normally
includes partially or further closing the adjustable expan-
sion device 16 to provide higher flow resistance again
(e.g. to a value or degree as it was before detection of
the abnormal state.

[0058] Alternatively or additionally a bypass arrange-
ment 46 is provided through which refrigerant flows after
opening the bypass line upon detecting an abnormal
state. For example the bypass arrangement comprises
a controllable valve that is opened under the control of
the heat pump controller 32. The bypass arrangement
46 is for example provided, if the expansion device 16
has a fixed flow resistance, as for example a capillary
tube. Or if even under the fully opened state the refrig-
erant flow through the expansion device is too low under
the abnormal condition. In an embodiment a controllable
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and adjustable expansion device 16 may be combined
with the bypass arrangement 46 and both are opened by
the heat pump controller 32 when the abnormal state is
detected. Or valve 16 is opened at a first excess level of
the refrigerant overpressure and/or temperature and the
valve in the bypass arrangement 46 is opened at a higher
second excess level of the refrigerant overpressure
and/or temperature.

[0059] Inanembodimentthe expansiondevice 16 may
be a controlled valve that may be controlled in a propor-
tional way, i.e. the higher the pressure above the over-
pressure set value (as detected e.g. by sensor 34), the
more the cross-section of the valve is opened. In this way
a minimum equilibration between the high and low pres-
sure branch is achieved in dependency of the severity of
the overpressure state. When the overpressure value is
undershoot, i.e. the normal operation condition is re-es-
tablished, pressure equilibration is stopped by further
closing expansion device 16, resulting in a minimized
loss of the operation efficiency of the heat pump system.
[0060] Alternatively to the pressure sensor 34 or addi-
tionally to pressure sensor 34, a pressure sensor 34a is
provided for detecting an overpressure state of the re-
frigerant. The pressure sensor 34a includes a pressure
switch 34b which directly or via a relay 34c switches off
the power supply 15a providing power to the power con-
verter 15. Alternatively the relay feeds a status signal to
the converter 15 which upon a change in the state of the
status signal (i.e. the overpressure state is indicated) sets
the compressor 14 into a standby (off-) state or reduces
its compression capacity, e.g. by lowering the rotation
speed of the compressor.

b) Controlling Compressor 14 as Safeguard

[0061] As in option a) the abnormal state is detected
by pressure sensor 34 and/or temperature sensor 44.
The heat pump controller 32 evaluates the signal(s) from
sensor 34 and/or 44 and in case of an excess tempera-
ture/or pressure of the refrigerant, the controller 32 con-
trols compressor 14 by switching it off or by reducing its
pumping rate. For example by reducing the rotational
speed of the compressor. Of course, temporally switch-
ing off the compressor or reducing its pumping rate may
also be used during the normal operation modes (warm-
up phase, steady state) so as to keep set values for tem-
perature and/or pressure in the given target range around
the set value(s). However in case of detecting the excess
temperature and pressure (abnormal state), the time of
switching off the compressor, the duration of reducing
the pumping rate of the compressor and/or the degree
of the reduction of the pumping rate is higher than during
the normal operation mode of the heat pump system 4.
By reducing the pumping rate or switching the compres-
sor off, the abnormal state is overcome as the pressure
difference between the high pressure branch and the low
pressure branch is reduced due to the refrigerant flow
through the expansion device 16. Switching off the com-
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pressor or reducing its pumping rate can be combined
with opening the expansion device 16 and/or the bypass
arrangement 46 as described before under option a).
[0062] Switching off of the compressor can be
achieved by switching off the compressor only, by switch-
ing off the heat pump system 4 as a whole, or even by
switching off the home appliance 2, 70 as whole. The
start of the home appliance, the heat pump system 4, or
the compressor 14 may be delayed by a minimum shut-
down time which is sufficient that safe operation condi-
tions for restarting the system are re-established. The
minimum shut-down period is for example such that by
heat dissipation or heat and/or pressure equilibration
within the heat pump system conditions for a moderate
operation cycle are established. Alternatively or addition-
ally the compressor may be restarted or normal pump
rate may be resumed when the detection and evaluation
of temperature and/or pressure of the refrigerant (by con-
troller 32) results in reestablishment of normal operation
conditions.

¢) Relief Valve as Safeguard

[0063] Relief valve 36 provides a fluid connection be-
tween the high pressure branch and the low pressure
branch of the refrigerant loop 6. In particular it provides
a fluid connection (when opened) between the outlet and
inlet of compressor 14. Preferably the relief valve 36 is
operating automatically which means that it opens when
an overpressure level is achieved or exceeded. Prefer-
ably valve 36 is an elastically or spring-biased one-way
overpressure valve which opens when the excess pres-
sure is achieved or exceeded and closes when the over-
pressure value is undershoot. Alternatively the relief
valve 36 is a controlled valve which opens and closes
under the control of the heat pump controller 32. Opening
and closing operation of such a controllable valve is then
controlled by the controller 32 in response to detecting
the abnormal state or detecting the return to the normal
state as described before for option a).

[0064] In case the relief valve 36 is an automatically
operating overpressure relief valve, preferably a release
sensor 38 is assigned to the valve 36 to detect whether
the valve 36 has been opened or is opened. By providing
the release sensor 38, the abnormal state is detected,
i.e. here the overpressure state in the high pressure
branch of the heat pump system 4 is detected. In this
case optionally the pressure sensor 34 and/or the tem-
perature sensor 44 are not required and can be omitted,
or the signal (as) of sensor 34 and/or 44 is not required
for detecting the abnormal state via evaluating the signal
(s) by controller 32. When valve 36 opens, the refrigerant
flows from the high pressure to the low pressure branch
and the abnormal state should be overcome after a while
by pressure release from the high pressure branch. In
addition to the automatic or controlled opening of valve
36, if the abnormal state is detected via sensor(s) 34, 44
and/or 38, the controller 32 may take additional actions
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to overcome the abnormal state, for example by execut-
ing steps according to one or more of the other options
a), b) ore).

[0065] Optionally the pressure release through relief
valve 36 is monitored by release sensor 38 and in de-
pendency of the duration of the release as indicated by
sensor 38, the controller 32 initiates the following control
actions.

- Iffor example the intervals between opening of relief
valve 36 are long (for example more than 5 minutes,
10 minutes, 15 minutes or 20 minutes) and/or the
duration of uninterrupted opening of the relief valve
36 is short (for example shorter than 1 minute, 40
seconds, 30 seconds, 20 seconds or 10 seconds),
the controller can judge that the abnormal state han-
dling or occurrence in the heat pump system 4 is in
safe limits and no action is required, i.e. normal op-
eration can be resumed and continued after the ab-
normal state and no service and/or alarm to the user
is required.

- Ifthe accumulated number of openings, the frequen-
cy of openings and/or the duration of opening ex-
ceeds first predefined limit(s), then the controller can
judge that maintenance is required and indicate a
respective warning to the user, for example by an
optical or acoustical signal. However controller 32
allows continued operation of the home appliance.

- In case the uninterrupted opening time of valve 36
exceeds a second predefined limit and/or the accu-
mulated number of interruptions, frequency of open-
ings of the valve 36 (e.g. time intervals between
openings is less than 10 min, 5 min, 3 min, 2 min or
1 min), or the accumulated duration of opening ex-
ceeds a second predefined limit(s), then the control-
ler 32 can shut down the heat pump system 4 and
give arespective alarm signal to the user that service
and maintenance is mandatory before restarting op-
eration of the home appliance.

d) Exhaust Valve 40 as Safeguard

[0066] The unidirectional exhaust valve 40 is connect-
ed to the high pressure branch of the refrigerant loop 6.
Preferably the valve 40 is connected between the outlet
or outlet side of the compressor and the inlet or inlet side
of gas cooler 12, more preferably it is connected close
to the compressor 14. Preferably valve 40 is an automatic
overpressure release valve which for example has an
elastic or spring-biased element that prevents refrigerant
escape up to a set level of overpressure and which re-
leases the refrigerant in case the overpressure level is
achieved or exceeded. Preferably the overpressure re-
lease valve automatically closes when the overpressure
level is undershooting.

[0067] The exhaust valve 40 has an exhaust port or
has an exhaust pipe with an exhaust port. The exhaust
port is arranged such that in case of refrigerant release
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the refrigerant is set free at a location where neither the
home appliance, nor the articles to be treated therein,
nor a user, nor the surroundings of the home appliance
is harmed. For example the exhaust portis arranged with-
in the body of the home appliance and directs the re-
leased refrigerant to a free space within the body. For
example the free space between the inner wall of a body
and the outer wall of a tub or drum. By expanding the
released refrigerant into a free space an immediate pres-
sure drop is accompanied by a temperature drop due to
the expansion. Preferably the refrigerant is discharged
inside the cabinet of the machine, in particular between
the drum and the side walls, in order to avoid damages
and to have a containing space in which it can expand
without additional issues. More specifically itis preferable
that the refrigerant (e.g. CO,) is discharged in almost
vertical upward direction (to exploit the space available
up to the machine top) in particularly between the drum
and the side walls or the refrigerant is discharged in di-
rection to the side walls as these usually are made of
steel and thus are more robust and tough.

[0068] Instead of an automatic exhaust valve (which
is for example elastically or spring-biased) valve 40 may
also be a controllable and/or adjustable valve that is
opened and closed for example under the control of heat
pump controller 32. In this case the abnormal state can
be detected via pressure sensor 34 and/or temperature
sensor 44. By the controlled opening and closing of con-
trolled or adjustable valve 40, refrigerant can be released
until it is detected that the abnormal state (overpressure
and/or over temperature) is removed. Or the valve can
be opened for a predefined period to release some
amount of refrigerant and it can be checked whether
thereby the overpressure and/over temperature state is
removed. If not removed, the temporal opening can be
repeated in this way.

[0069] In case the automatically opening valve 40 is
used, preferably an exhaust detector 42 is provided
which detects opening of the valve and/or releasing of
the refrigerant. Exhaust detector 42 may provide the
same functionality as the release sensor 38. The opening
of the valve 40 may be detected by a mechanical contact,
a reed sensor or any other sensor that detects the me-
chanical opening. Alternatively the exhaust detector 42
(also the release sensor 38) may be a flow detector which
detects a flow in the line towards or out of the exhaust
valve 40 (or the relief valve 36). Further alternatively a
refrigerant detector may be provided for or at the exhaust
valve 40, which is sensitive for the refrigerant, for exam-
ple a gas sensor that detects the refrigerant gas. For
example a CO, detector is provided as sensor when the
refrigerant is CO,.

[0070] In case of exhausting refrigerant through ex-
haust valve 40, refrigerant amount is lost from the refrig-
erant loop 6. Thus preferably the heat pump controller
32 detects and records the duration of opening the valve
(either opening under the control of the controller 32 or
detecting the opening via detector 42) and records the
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duration and/or numbers of openings. Preferably, if the
number of openings and/or the total duration of opening
exceeds a predefined value(s), then anindication is given
to the user that maintenance or service of the home ap-
pliance is required. Further preferably, if the number of
openings and/or the total duration of opening exceeds a
second value(s), then the operation of the home appli-
ance is stopped and a mandatory service or maintenance
is indicated to the user.

[0071] Itis obvious that the other options are preferred
over option d) by which refrigerant is lost from the refrig-
erant loop 6. However, releasing the refrigerant via ex-
haust valve 40 may be provided as additional safeguard
combined with one or more of the other options. A pre-
ferred combination is when the overpressure threshold
(e.g. of the automatically opening valve 40) and/or the
over temperature threshold (in case of detecting the over-
pressure and/or over temperature state) for actuating
valve 40 is set to be higher than the temperature and/or
pressure threshold(s) for actuating the other options. For
example the pressure threshold for opening relief valve
36 is lower than the pressure threshold for opening ex-
haust valve 40. For example relief valve 36 opens at or
over an overpressure pressure threshold of 130 bar (or
e.g. 140 bar), while exhaust valve 40 opens at or over
an overpressure threshold of 140 bar (or e.g. 150 bar).

e) Reservoir Unit 50 as Safeguard

[0072] Option €) provides measures and methods for
temporally removing a portion of the refrigerant from the
active refrigerant loop 6 and to refeed or recycle the re-
moved refrigerant at a later time back into the refrigerant
loop 6.

[0073] A first and simple embodiment of the reservoir
unit 50 is shown in Fig. 3 where a reservoir 52 for storing
some amount of refrigerant is fluidly connected to the
high pressure branch of the refrigerant loop 6. The fluid
connection between the reservoir 52 and the high pres-
sure branch may be opened and closed via a controlled
valve 51 which is controllably opened and closed under
the control of heat pump controller 32. The fluid connec-
tion is preferably made between the outlet or outlet side
of compressor 14 and inlet or inlet side of gas cooler 12,
more preferably the valve 51 is connected to the high
pressure branch close to compressor 14.

[0074] The volume of reservoir 52 depends on the de-
sign of heat pump system 4 and its operation conditions.
For example the higher the density in the refrigerant cir-
cuit or loop 6 the smaller is the volume required in the
reservoir. Also if more refrigerant amount is used in the
loop 6, the volume is higher. On the other hand, the vol-
ume can be lower, if for example the refrigerant condens-
es after being released into reservoir 52. In a small vol-
ume requirement the reservoir 52 may just be a pipe as
e.g. used for connecting the elements of the heat pump
system and has a predefined length, for example 10 cm,
20 cm, 30 cm or 60 cm. On the other hand, if more inner
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volume is required in the reservoir 52, the reservoir vol-
ume may be up to 100 ml, 200 ml, 300 or 500 ml.
[0075] Preferably the reservoir or at least a portion of
the reservoir is located at a 'cold’ region of the home
appliance. For example the reservoir 52 may be com-
pletely or partially located in an inner space of the home
appliance, i.e. within its housing, but outside the air chan-
nel and the articles storing compartment. The heat ex-
change between reservoir and ambient air may be pas-
sive by convection or may be active in that the reservoir
is at least partially located in a flow channel where am-
bient air is vented through the home appliance (in the
washing machine as shown in Fig. 5 the reservoir may
be at least partially arranged in one of air channels 20a,
20b).

[0076] During operation of the heat pump system 4, if
the controller 32 detects an abnormal state, controlled
valve 51 is temporally opened to release some amount
from the high pressure branch of loop 6 into the reservoir
52. The abnormal state is detected by the controller 32
for example by detecting an overpressure and/or over
temperature of a predefined value(s). Detection of over-
pressure is made for example by pressure sensor 34 and
detection of over temperature is made for example by
temperature sensor 44. When the overpressure state is
detected, valve 51 can be opened under the control of
the controller 32 until the abnormal state is overcome.
Alternatively valve 51 is opened for a predefined duration
and itis monitored by controller 32 over a period whether
the abnormal state is removed or the pressure and/or
temperature are lowering towards the preset values.
Temporarily opening for the predefined period can be
repeated after a predefined waiting time, until the abnor-
mal state has been overcome. By this releasing of refrig-
erant from loop 6, some refrigerant amount is collected
in reservoir 52.

[0077] When the heat pump system 4 is stopped in
scheduled manner (for example when a drying operation
has been finished in a dryer or the washing water was
heated in a washing machine) refrigerant temperature
and pressure equilibrate between the high pressure and
the low pressure branch of the system 4 and gradually
the pressure and the temperature cool down. If the time
between drying processes or washing processes is long
enough, the refrigerant assumes ambient condition (for
example room temperature) and the pressure then de-
pends on the ambient temperature. This means that the
pressure in the high pressure branch reduces after stop-
ping heat pump system 4.

[0078] In the embodiment of Fig. 3 valve 51 can be
opened via controller 32 as soon as the system 4 is
stopped or after a predefined duration time (for example
5 minutes, 10 minutes, 15 minutes, 20 minutes or 30
minutes) after stopping the system 4. Alternatively refrig-
erant pressure and/or temperature is detected and valve
51 is opened when a predefined temperature and/or
pressure value is reached or undershot.

[0079] After stopping system 4, opening of valve 51
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may be maintained until the heat pump system 4 is start-
ed nexttime (in this case preferably anormally open valve
is used which has to be actively closed under the control
of controller 32). Or valve 51 is opened for a predeter-
mined duration, or until a predefined second value of tem-
perature and/or pressure has been reached or under-
shoot. By opening valve 51 after stopping system 4, and
if the amount of refrigerant in reservoir 52 results in a
higher pressure than in the cooled-down high pressure
branch of loop 6, the pressure in reservoir 52 drives some
refrigerantamountinto the loop 6 such that the refrigerant
previously stored in reservoir 52 is refeed into loop 6.
Thereby the original amount or essentially the original
amount of refrigerant in loop 6 is re-established and the
temporal release of refrigerant into reservoir 52 does not
permanently change the internal condition of heat pump
system 4.

[0080] Fig. 4a shows another embodiment for the de-
sign of the reservoir unit 50. In this design and method
the reservoir 52 is fluidly connected to the high pressure
branch of the loop 6 via an exhaust relief valve 54. The
connection to loop 6 is preferably made between the out-
let or outlet side of compressor 14 and inlet or inlet side
of gas cooler 12. More preferably the connection is made
close to the compressor outlet. Preferably an automatic
pressure release valve is used (which is e.g. elastically
or spring-biased) which opens at a predefined overpres-
sure threshold. Alternatively valve 54 may be a controlled
or adjustable valve as described before for the alterna-
tives of valves 40 and 36.

[0081] InFig.4areservoir 52 is additionally fluidly con-
nected via a controlled or adjustable back flow valve 56
to the low pressure branch of loop 6. Preferably the fluid
connection is made between the inlet or inlet side of com-
pressor 14 and outlet or outlet side of gas heater 10. The
back flow valve 56 is opened or closed under the control
of heat pump controller 32.

[0082] If an abnormal state (overpressure and/or over
temperature of the refrigerant) is detected by controller
32 (e.g. via sensor 34/44) or when the overpressure
threshold has been exceeded in case of the automatically
operating valve 54, some amount of refrigerant is fed into
the reservoir 52 through opened valve 54. The arrange-
ment and/or volume of reservoir 52 may be the same as
mentioned before in connection with the embodiment
shown in Fig. 3. In case the valve 54 is a controlled valve
controlled by controller 32, the operation of opening and
closing during the abnormal state may be the same as
described in the embodiment shown in Fig. 3.

[0083] A preferred operation of back flow valve 56 is
described now. When the operation of heat pump system
4 is started from a virgin cold condition or when at least
heat system 4 has cooled down for a while after the last
operation, after starting the compressor 14, the pressure
in the low pressure branch of loop 6 goes down due to
sucking operation of compressor 14. During this start-up
phase and as long as the pressure and temperatures in
the high pressure and low pressure branch of loop 6 did
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not already go up, valve 56 is opened such that by the
suction force of compressor 14 at the low pressure
branch, the refrigerant stored in the reservoir 52 is sucked
out and refeed to the refrigerant loop 6. In this start up
phase valve 54 is closed - independent whether valve 54
is a controlled valve or an automatic overpressure valve.
Opening of back flow valve 56 is made for a predeter-
mined period after starting the compressor 14 or via mon-
itoring the temperature and/or pressure by controller 32
(for example via sensors 34 and/or 44). After the prede-
fined opening period has lapsed or the temperature
and/or pressure exceed a predefined value(s), valve 56
is closed. Thereafter reservoir 52 is available for receiv-
ing arefrigerant amount in case of an abnormal state and
as described above.

[0084] Fig. 4b shows another embodiment of the res-
ervoir unit 50. The reservoir 52 is fluidly connected to the
high pressure branch of loop 6 via the exhaust release
valve 54 as described before. Design and alternatives
for valves 54 and reservoir 52 are described as before.
Deviating from the embodiment shown in Fig. 4a, in Fig.
4b the reservoir 52 is fluidly connected to the high pres-
sure branch of loop 6 via an inlet relief valve 58. Instead
of connecting the inlet relief valve 58 to the high pressure
branch, it alternatively can be connected to the low pres-
sure branch for feeding the refrigerant back to the low
pressure branch as described before for backflow valve
56. Valve 58 is an automatically operating overpressure
release valve which opens when a predefined value of
pressure difference exists between reservoir 52 and loop
6. For example the pressure difference value is 5 bar (or
10 bar, 15 bar, 20 bar or 30 bar). If the pressure in res-
ervoir 52 is higher by more than 5 bar (or the respective
difference value) as compared to the pressure in the high
pressure branch of loop 6, then refrigerant is released
into the high pressure branch (correspondingly applica-
ble to the low pressure branch if valve 58 is connected
to the low pressure branch). Preferably the inlet relief
valve 58 operates on a pressure difference (i.e. arelative
pressure difference), while the previously described
valve(s) 36, 40 and/or 54 preferably operate on the basis
of an absolute overpressure value (if automatic valves
are used; absolute value with regard to the ambient pres-
sure). The embodiment of Fig. 4b has the advantage that
no active controllable elements are required for the res-
ervoir unit 15, if automatic valves 54, 58 are used.
[0085] Re-feeding of refrigerant into loop 6 is made as
follows: By collecting refrigerant due to high pressure re-
lease inthe abnormal state and depending on the amount
of refrigerant collected in the reservoir in this way, the
pressure in reservoir 52 may exceed the pressure in the
high pressure branch of loop 6 after the heat pump sys-
tem 4 has been stopped and completely or partially
cooled down to ambient temperature (see also equilibri-
um between the branches as described before). Then,
as soon as the pressure in loop 6 is lower than the pres-
sure in reservoir 52 minus the pressure difference value,
valve 58 opens as long as the pressure difference is ex-
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ceeded and feeds back refrigerant into the loop 6.
[0086] Preferably in the embodiments of Fig. 4a and
4b a release sensor 55 is associated and arranged at or
in the exhaust release valve 54 to detect refrigerant re-
lease into reservoir 52. As described before in connection
with release sensor 38, the controller 32 monitors the
state of release sensor 55. The release sensor 55 is ac-
tivated by opening and closing of valve 54 ina mechanical
way (mechanical switch) or by a reed sensor or any other
sensor for detecting the actuation of the valve. Alterna-
tively release sensor 55 can detect refrigerant flow in the
fluid connection between loop 6 and reservoir 52.
[0087] The controller 32 records the number and/or
duration of opening of valve 54. If a first number of open-
ings and/or a first predefined total duration of opening is
achieved (during one drying or washing process for ex-
ample), then the controller 32 indicates to a user that
service or maintenance of the home appliance is re-
quired. Preferably if the controller 32 records a second
number of openings and/or a second predefined total du-
ration of opening durations, the heat pump system 4 is
stopped and it is indicated to the user that mandatory
service or maintenance is necessary.

[0088] Alternatively or additionally to release sensor
55, a backflow sensor 57 is provided. Alerting the user
and/or shutting down the heat pump system 4 maybe
made has described before in connection with the re-
lease sensor 55 using a first number and a second
number of openings and/or opening total durations.
[0089] Using CO, as refrigerant, the equilibrated base
pressure at ambient temperature is around 40 to 55 bar
in the high and low pressure branch. If refrigerant was
released into reservoir 52, the pressure is higher than
this base pressure. Thus there is a pressure difference
between the pressure in the reservoir 52 and the high or
low pressure branch of loop when the heat pump system
4 was switched off for a while. Thus refrigerant from the
reservoiris returned to the loop when passively or actively
open the valves as described before. The pressure dif-
ference between cold heat pump system and reservoir
is even higher, when the reservoir 52 is connected via
vale 56 to the low pressure branch after starting the com-
pressor operation.

f) Pressure Switch 80 as Safeguard

[0090] Option f) as a safety configuration provides a
pressure switch 80 which is in fluid connection with the
high pressure branch of loop 6. Preferably the fluid con-
nection of switch 80 is to the section of the high pressure
branch between the outlet or outlet side of compressor
14 and the inlet or inlet side of heat exchanger 12. More
preferably switch 80 is connected close to the compres-
sor outlet.

[0091] If a pre-defined overpressure value is reached
or exceeded, the switch opens directly or via a relay 84
the electrical contact(s) of a power line 82. Via power line
82 the electrical power is supplied to the compressor 14
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and the interruption of the power supply results in a stop
of the compressor. After stopping compressor 14 refrig-
erant pressure and temperature begins to decrease, in-
cluding the equilibration process of pressure between
the high and low pressure branches through the expan-
sion device 16. Alternatively the compressor 14 is oper-
ated via a power converter like the power converter 15
described in connection with Fig. 2. Stopping the com-
pressor 14 or reducing its compression rate may be pro-
vided as described above in view of pressure sensor 34
and pressure switch 34b.

[0092] The interruption signal from pressure switch 80
is preferably fed to the controller 32 which sets the status
of the heat pump system 4 to a standby state upon receipt
of the interruption signal. In addition to setting the system
4 to standby or as part of the standby state, one or more
of valves 16, 36 and/or 46 can be opened (preferably to
maximum) to accelerate pressure equilibration between
the two branches.

[0093] When the pressure is decreased below the pre-
defined overpressure value of switch 80, the power is
connected again to the compressor 14 (through relay 84
if used) and the compressor resumes compression. The
re-connect signal is fed to the controller 32 which sets
the status of the heat pump system 4 to ‘operating’. Al-
ternatively the controller, which also controls operation
of the compressor 14 sets the operation of the compres-
sor 14 to ’off upon receipt of the interrupt signal from
switch 80. When the switch 80 sends the re-connect sig-
nal, the controller 32 first checks the current interrupt
conditions of the heat pump system 4 - for example by
evaluating the temperature and/or pressure signal(s)
from sensors 34, 44. If the evaluation results in that ac-
ceptable re-starting conditions are present, operation of
the compressor 14 is enabled. If the evaluation has the
result that the condition is not convenient for restart (tem-
perature and/or pressure above recommended starting
conditions), the controller delays restart until convenient
conditions are achieved.

[0094] Optimization of safety design is achieved, if for
example option f) is preferably combined with option e)
(orone ofthe other options) in away that the other options
(except d)) have a lower overpressure set value as com-
pared to the overpressure set value of the pressure
switch 80. Thus if the overpressure exceeded the lower
overpressure set value and is between the lower and the
higher overpressure set value, the abnormal state can
be overcome by a nearly normal or close to normal op-
eration mode of the heat pump system 4 as described
above. Only if the higher overpressure set value of the
pressure switch 80 is exceeded, a real 'system-halt’ of
system 4 is forcibly effected.

[0095] Alternatively pressure switch 80 or its associat-
ed relay 84 interrupt power supply to the home appliance
in total, to the control unit 30 and/or to other electrically
powered or operated elements. For example opening of
one or more of (controllable) valves 16, 36, 40, 46 and
54 can be effected by the pressure sensor 80 or its relay
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84 by energizing or deenergizing the valve - depending
on whether opening is achieved by energizing or deen-
ergizing. Pressure reduction in the high pressure branch
of loop 6 is described above in connection with the cor-
responding valve16, 36, 40, 46 and/or 54.

[0096] In an alternative or additional design, pressure
switch 80 or its associated relay 84 may be used to open
valve 51 or 54 of the reservoir unit 50 in the overpressure
state, and to close the valve 51 or 54 as soon as the
overpressure state is overcome. For detecting the over-
pressure state, again the signal from switch 80 or relay
84 can be monitored by controller 32 and/or the signal
from release sensor 55 is monitored. When cooling down
the heat pump system 4 after operation, the refrigerant
collected in reservoir 52 can be feed back by the auto-
matic operation of valve 56 or 58 (if automatic overpres-
sure valve) as described before, or under the controlled
operation of valve 51, 56 or 58 (if controllable valve) via
controller 32.

[0097] In the embodiment of Fig. 3 valve 51 may be
operated as unidirectional valve that is provided only for
refrigerant release, but is not controlled to open for re-
turning the refrigerant. In this case reservoir 52 prevents
release of refrigerant to the environment in contrast to
the effect of operation of valve 40. In such a configuration
and operation mode, valve 51 may be activated by switch
80 or relay 84 exclusively or it may be operated in the
way as described for valve 40.

g) Controller 32 as Safeguard

[0098] Controlling operation of the heat pump system
4 by heat pump controller 32 may be

[0099] executedin anintermediate level between con-
trolling the operation of system 4 under normal operation
conditions (warm-up phase, steady-state operation and
optionally cool-down phase) and under the abnormal
state condition where one of the above options a) to f)
are applied or come in action.

[0100] In the normal operation the controller 32 mon-
itors whether pressure and/or temperature (e.g. via sen-
sor 34 and/or 44) are within a given target range under
the running operation conditions (warm-up phase,
steady-state operation and optionally cool-down phase).
If activity is required, compressor 14 can be temporally
be switched off, pump rate of compressor can be reduced
or expansion device 16 can be opened.

[0101] Whenthe controller 32 detects thatthe pressure
and/or temperature are still within the given target range,
but there is an abnormal temporal gradient (in particular
an abnormal increase in pressure and/or temperature at
the high pressure branch of loop 6), then the controller
32 can take one or more of the following actions:

- reducing the pumping rate of compressor 16 to a
value lower than in normal operation control activity,
- opening expansion device 16 to a larger extend as
it would be the case under normal control operation.
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[0102] In addition to one or more of the above options
a) to g) for overcoming the abnormal state, the controller
32 may control the blower 19 for conveying the process
air or the ambient air to blow with maximum or increased
power to remove heat from the first and second heat ex-
changer 10, 12 (Fig. 1) or the first heat exchanger 10
(Fig. 5). Thereby the refrigerant is cooled faster and pres-
sure decreases faster. Additionally or alternatively a cool-
ing fan for cooling the compressor and/or an auxiliary
heat exchanger (not shown) added in the refrigerant loop
6 may be activated or set to maximum conveying rate of
conveying ambient air, so as to cool the compressor
and/or auxiliary heat exchanger and thereby the refrig-
erant by heat exchange with ambient air.

[0103] In case the release sensor 38, the exhaust de-
tector 42, the release sensor 55 and/or the backflow sen-
sor 57 detect the refrigerant release by the flow of refrig-
erant through the assigned valve, these can be provided
as anemometer or flux meter arranged preferably in the
exhaust line of the assigned or respective valve. In this
way the amount of released refrigerant can be directly
determined by measurement. The controller 32 can then
determine on the basis of the amount of released refrig-
erant, whether resuming or continuing the process (e.g.
drying or washing) is possible, whether resuming or re-
start of the process can be made only after cooling down
the refrigerant (equilibration in the branches or approach-
ing to equilibration), or whether a permanent shut-down
of operation until service is required.

[0104] In particular when providing the reservoir unit
50 and in case of releasing high amounts of refrigerant
to the reservoir 52, continuation of the running process
may be terminated due to insufficient refrigerant in the
loop 6, but restart of the terminated process from the
beginning or from the last reasonable intermediate step
may be effected after most of the refrigerant is re-fed
from reservoir 52 into loop 6. Re-feeding is performed in
one of the ways as described above in connection with
Figs. 3, 4a and 4b.

[0105] Regardingoptionsa),c)d)ande),ifone ormore
of valves 36, 40, 46 and 54 is(are) provided as automatic
overpressure release valve, detection of the abnormal
state can be made by the controller 32 in addition or al-
ternatively to monitoring the signals of release sensors
38, 42 and/or 55 by monitoring the refrigerant pressure
and/or temperature. This can be made for example by
pressure sensor 34 or temperature sensor 44. A sudden
drop in pressure and/or temperature in an operation
phase, where normally no significant change is expected
(is expected for example after starting the compressor),
indicates occurrence of the abnormal state. In response
to this indirect observation of the abnormal state, the
counter measures for reestablishing the normal state
and/or the measures for resuming normal operation as
described above are applied.

[0106] Fig. 5 shows the schematic construction of a
washing machine 70 using the heat pump system 4 as
described before. Deviating from the example dryer ma-
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chine as shown in Fig. 1, in the washing machine 70 a
drum 72 is provided in a tub 74. The tub has a sump 76
to which the inlet port(s) of adraining circuit and optionally
arecirculation circuitis(are) connected. In the shown em-
bodiment the second heat exchanger 12 (gas cooler) is
arranged in the sump for heating up the washing liquor
by exchanging heat. Alternatively (not shown) the second
heat exchanger 12 maybe arranged in a recirculation cir-
cuit of the washing machine which is used to circulate
the washing liquor within the tub 74. For example washing
liquor is sucked into the circulation circuit at a port in the
sump 76 and is sprayed into the inside of drum 72. In the
channel connecting the inlet and outlet port of the circu-
lation circuit the second heat exchanger 12 is arranged.
[0107] The second heat exchanger 12 deposits the
heat from the refrigerant into washing liquor and the heat
transfer to the refrigerant is made in the first heat ex-
changer (gas heater) via heat exchange with ambient air
and/or any other cooling source (heat sink). An air inlet
channel 20a is provided which guides ambient air to and
through the exchanger 10 and an air outlet channel 20b
is provided which guides the ambient air cooled down at
exchanger 10 to the outside of the washing machine
body. In the shown embodiment a blower 19 for ambient
air is provided in the outlet channel 20b. Alternatively
blower 19 may also be arranged in the air inlet channel
20a.

[0108] The operation of the heat pump system 4 is
identical to the operation and arrangement as described
before in connection with Figures 1 to 4b. In the washing
machine 70 the heat pump system 4 pumps the heat from
the ambient air to the washing liquor to be used for the
washing processes. A condensate collector (not shown)
is arranged at the first heat exchanger 10 to collect the
condensed water that is extracted from the ambient air.
The condensed water maybe pumped into the tub 74 to
be used in the washing process or can be pumped out
through the draining circuit of the washing machine (not
shown).

[0109] Summarizing, the elements and/or the control
method for the heat pump system 4 are adapted toreduce
the pressure of the refrigerant in case of an abnormal
state, in particular to reduce the pressure at the high pres-
sure branch of the home appliance (e.g. 2, 70). In par-
ticular, if a pre-defined pressure set-point is reached or
exceeded (which may be detected by monitoring the re-
frigerant pressure and/or temperature), the heat pump
system 4 has an abnormal state and pressure reduction
is initiated, for example by the above described embod-
iments of the heat pump system designs and/or operating
methods.

[0110] Also summarizing and as repeatedly described
above, handling of the abnormal state may be performed
or executed by the controller 32 or control unit 30 pref-
erably in a gradual manner. Is the abnormal state in a
moderate category and can be overcome by the coun-
termeasures described above, an alarm is indicated to
the user informing that a temporal interruption or standby
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is in progress. This alarm level can be accompanied by
an indication that service or inspection of the home ap-
pliance is required, but that it can be further operated
after the interruption or standby.

[0111] If the abnormal state happens repeatedly, with
a long duration, with a frequency higher than a preset
value and/or to a degree that is critical for the heat pump
system 4, the heat pump system may permanently be
shut off and an alarm is indicated to the user that oper-
ation of the home appliance is prevented and service is
mandatory.

[0112] Itis to be noted that the reason for the abnormal
state may be an internal or an external one and may be
temporal or permanent. A temporal external reason is for
example a high external (ambient air) temperature which
drives heat pump system 4 out of optimum operation con-
dition and finally drives the system 4 to the abnormal
state in the course of drying/washing operation. In this
case a temporal interruption or standby with respective
indication to the user is a sufficient measure. A temporal
internal reason may be that the expansion valve 16 is
clogged by a small contamination which is removed by
opening the valve cross section.

[0113] If the reason causing the abnormal state is a
permanent one (for example too high ambient tempera-
ture is permanently given in the surroundings of the home
appliance), the severity of the abnormal state is evaluat-
ed by the controller 32 using the history of the abnormal
state or of several records of abnormal states. Depending
thereon, the conclusion could be thatin general the home
appliance may be operated or has to be permanently
shut-off. Inthe example of permanent reason of abnormal
state where continued or repeated use may be allowed
is that a temporal standby of the heat pump system 4 or
the reduction of operation efficiency of the heat pump
system 4 only results in an extension or slow down of an
operation process (e.g. longer drying or washing times)
without any harm to or degradation in the heat pump sys-
tem as such.

[0114] In addition to the above or alternatively, the oc-
currence, presence and/or overcoming an abnormal
state may be detected and/or monitored by detecting the
pressure and/or temperature of the refrigerant at the low
pressure branch of the heat pump system 4. If for exam-
ple refrigerant pressure is detected in both branches, an
equilibration or approach to equilibration after an abnor-
mal state can be detected using the pressure difference
between both branches.

Warm-Up Optimization using Reservoir Unit 50

[0115] In the start-up or warm-up phase of the heat
pump system 4 it is preferred to generate high pressure
in the high pressure branch by the pumping activity of
the compressor 14. However, high pressure generation
in the warm-up phase before reaching the steady-state
of operation is limited by the lower initial refrigerant tem-
perature. As mentioned before, pressure and tempera-
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ture rise during the warm-up phase in the high as well in 10 first heat exchanger (gas heater)
the low pressure branch. The reduced ability to generate
high pressure in the high pressure branch during warm- 12 second heat exchanger (gas cooler)

up results in an extended warm-up period before reach-
ing optimum operating conditions of system4 andincon- 5 14 compressor
sequence in extended total drying or washing durations.

[0116] Inan alternative or additional embodiment, res- 15 power converter
ervoir unit 50 is used as reservoir not only receiving re-

frigerant under abnormal state condition, but also receiv- 15a  power source

ing excess amount of refrigerant that is fed to the refrig- 70

erant loop 6 for use in the warm-up phase and is stored 16 expansion device
in reservoir 52 when approaching the steady-state oper-

ation and when operating in steady-state. 17 blower

[0117] When the heat pump system has equilibrated
to ambient condition or is at low temperature (after an 75 17a  cooling air flow
extended period of non-operation), the excess refrigerant

amount from reservoir 52 is available in the loop 6 by the 18 drum (laundry compartment)
re-feeding methods described above in connection with

Figs. 3, 4a and 4b. Using for example CO, as refrigerant 19 blower

and when no excessrefrigerantamountis used, theequil- 20

ibrated pressure in loop 4 under ambient conditions (tem- 20 air channel

perature around 24°C or in the range 14-35°C) is 40 to

55 bar. With the excess amount in the loop, the pressure 20a airinlet channel

under equilibrated ambient conditions would be more
than 60 bar, preferably more than 65, 70, 75 0or 80 bar. 25 20b  air outlet channel
[0118] Then in the warm-up phase more refrigerant is

available in the loop as would be required or appropriate 22 fluff filter

under nominal and optimum steady-state operation (us-

ing the 'nominal’ amount of refrigerant). With the excess 24 outlet

amount of refrigerant, build-up of the high pressure state 30

is faster than if the nominal amount of refrigerant is used. 26 condensate collector
Faster pressure build-up results in faster temperature

build-up and eventually in arrival to the steady-state fast- 30 control unit

er as if the nominal refrigerant amount would have been

used. 35 32 heat pump controller
[0119] When approaching, reaching or exceeding the

optimum pressure conditions for the steady-state oper- 34 pressure sensor
ation, due to the excess refrigerant amount, an ’inten-

tional’ abnormal state is achieved in which the excess 34a  pressure sensor
amount results in an overpressure state at the high pres- 40

sure side. In this ’intentional’ abnormal state, the excess 34b  pressure switch
amount of refrigerant is gradually released into the res-

ervoir 52 to overcome the ’intentional’ abnormal state 34c  relay

(overpressure) in the ways as described above for the
true abnormal state. Thereby the refrigerant amount in 45 36 relief valve
loop 6 is adjusted to the nominal refrigerant amount until
the system 4 works in steady-state with steady-state con- 38 release sensor
ditions, including the nominal refrigerant amount.

40 exhaust valve

Reference Numeral List 50

42 exhaust detector
[0120]

44 temperature sensor
2 tumble dryer (home appliance)

55 46 bypass arrangement

4 heat pump system

50 reservoir unit
6 refrigerant loop

17
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51 controlled valve

52 reservoir

54 exhaust release valve
55 release sensor

56 backflow valve

57 backflow sensor

58 inlet relief valve

70 washing machine

72 drum

74 tub

76 sump

80 pressure switch

82 power line

84 relay

A air flow

B refrigerant flow
Claims

1. Articles treatment apparatus (2, 70), in particular

laundry dryer, having a heat pump system (4), the
heat pump system having a refrigerant loop (6) com-
prising:

an articles treatment chamber (18) for treating
articles using a medium,

a first heat exchanger (10) for heating a refrig-
erant,

a second heat exchanger (12) for cooling the
refrigerant and heating the medium,

a refrigerant expansion device (16) arranged in
the refrigerantloop (6) between the second heat
exchanger (12) and the first heat exchanger
(10),

a compressor (14) arranged in the refrigerant
loop (6) between the first heat exchanger (10)
and the second heat exchanger (12), and

a safety unit (32; 34, 34a, 44, 38, 42, 55; 80, 84)
comprising or being a refrigerant condition de-
tector (34, 44, 38, 42, 55; 80, 84) arranged at or
in fluid connection to the refrigerant loop (6),
wherein the safety unit is configured to detect
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an overpressure state in the refrigerant loop (6).

Articles treatment apparatus according to claim 1,
wherein the refrigerant condition detector (34, 34a,
44, 38, 42, 55; 80, 84) is or comprises a refrigerant
pressure detector (34, 34a, 80) and/or atemperature
detector (44) and/or refrigerant release detector (38,
42, 55).

Articles treatment apparatus according to claim 1 or
2,whereinthe refrigerant condition detector (34, 344,
44, 38, 42, 55; 80, 84) is arranged at or in fluid con-
nection with the high pressure side of the heat pump
system (4).

Articles treatment apparatus according to claim 3,
wherein the refrigerant condition detector (34, 34a,
44, 38, 42, 55; 80, 84) is in fluid connection with a
section of the heat pump system between the outlet
or outlet side of the compressor (14) and the inlet or
inlet side of the second heat exchanger (12).

Articles treatment apparatus according to claim 1, 2,
3 or 4, wherein the refrigerant condition detector (34,
34a, 44, 38, 42, 55; 80, 84) is adapted to provide a
detector signal and/or a switching signal, or is oper-
ating as switch (80, 84).

Articles treatment apparatus according to claim 5,
wherein in dependency of the refrigerant condition
indicated by the detector signal or switch (80, 84) an
operating mode of the heat pump system (4) is mod-
ified.

Articles treatment apparatus according to claim 6,
wherein the state of the heat pump system (4) is
modified by one or more of the following:

the operation mode of the articles treatment ap-
paratus (2, 70) is modified,

the operation mode of the compressor (14) is
modified,

the opening state of a pressure release device
(36, 40, 46, 51, 54) is modified,

the opening state of the refrigerant expansion
device (16) is modified, and

the operation mode of an air blower (17, 19) is
modified.

Articles treatment apparatus according to claim 7,
wherein the modification of the operation mode of
the articles treatment apparatus (2, 70) is one or
more of the following:

switching off the power supply to the articles
treatment apparatus,

setting the apparatus to a standby mode until
the state of the detector signal or switch (80, 84)
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is changed,

setting the apparatus to a standby mode for at
least a period of time, and

changing to a secured operation mode.

9. Articles treatment apparatus according to claim 7 or

8, wherein the modification of the operation mode of
the compressor (14) is one or more of the following:

switching off the power supply (82) to the com-
pressor, for at least a period of time,

reducing the operation speed or pumping rate
of the compressor,

setting the compressor to a standby mode until
the state of the detector signal or switch is
changed,

setting the compressor to a standby mode for at
least a period of time, and

switching the compressor on and off intermit-
tently and/or increasing the off/on operation pe-
riods for the compressor.

10. Articles treatment apparatus according to claim 7, 8

or 9, wherein the modification of the opening state
of the pressure release device (36, 40, 46, 51, 54)
is one or more of the following:

opening the pressure release device for a pre-
defined period,

opening the pressure release device for a period
in dependency of the detector signal, and
opening the pressure release device as long as
the detector signal or the switching state indi-
cates the overpressure state.

11. Articles treatment apparatus according to any of the

previous claims 7 to 10, wherein the modification of
the opening state of the refrigerant expansion device
(16) is one or more of the following:

opening the refrigerant expansion device for a
predefined period,

opening the refrigerant expansion device for a
period in dependency of the detector signal,
opening the refrigerant expansion device pro-
portionally with the detector signal, and
opening the refrigerant expansion device as
long as the detector signal or the switching state
indicates the overpressure state.

12. Articles treatment apparatus according to any of the

previous claims 7 to 11, wherein the modification of
the operation mode of the air blower (17, 19) is one
or more of the following:

the air blower is activated,
the flow rate of the air blower is increased,
the flow rate of the air blower is increased in
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13.

14.

15.

16.

17.

18.
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dependency of the detector signal, and

the flow rate of the air blower is increased as
long as the detector signal or the switching state
indicates the overpressure state.

Articles treatment apparatus according to any of the
previous claims, wherein when the overpressure
state is detected by the refrigerant condition detector
or by using the detector signal thereof, the refrigerant
expansion device (16) and/or the pressure release
device (36, 40, 46, 51, 54) is opened,.

Articles treatment apparatus according to any of the
previous claims, wherein the safety unit (32; 34, 44,
38, 42, 55; 80, 84) further comprises a dedicated
safety circuit and/or is at least partially implemented
by a controller (32, 30) of the articles treatment ap-
paratus (2, 70).

Articles treatment apparatus according to any of the
previous claims, wherein after an overpressure
state, when the refrigerant condition detector indi-
cates no overpressure state, the operation of the ar-
ticles treatment apparatus (2, 70) returns to a normal
operation mode and/or an operation mode active at
a time before the overpressure state happened.

Articles treatment apparatus according to any of the
previous claims, wherein, after an overpressure
state, the return to a heat pump system (4) normal
mode is detected by one or more of the following:

by a detector arranged at or in connection to the
low pressure side of the heat pump system,

by a detector detecting an increase in the refrig-
erant pressure and/or temperature at or in the
low pressure side of the heat pump system,

by a detector (34, 44, 38, 42, 55; 80, 84) ar-
ranged at or in connection to the high pressure
side of the heat pump system (4), and

a detector (34, 34a, 44, 38, 42, 55; 80, 84) de-
tecting a decrease in the refrigerant pressure
and/or temperature at or in the high pressure
side of the heat pump system (4).

Articles treatment apparatus according to any of the
previous claims, comprising a release device (40,
51, 54) adapted to release refrigerant out of the re-
frigerant loop (6) and/or a release device (36, 46)
adapted to release refrigerant from the high pressure
side to the low pressure side of the heat pump sys-
tem.

Articles treatment apparatus according to claim 17,
wherein a refrigerant container (52) is connected to
release device (51, 54) so that the refrigerant can be
released out of the refrigerant loop (6) to the con-
tainer.
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19. Method of operating an articles treatment apparatus

(2, 70) having a heat pump system (4), in particular
articles treatment apparatus according to any of the
previous claims, the heat pump system having a re-
frigerant loop (6) comprising:

an articles treatment chamber (18) for treating
articles using a medium,

a first heat exchanger (10) for heating a refrig-
erant,

a second heat exchanger (12) for cooling the
refrigerant and heating the medium,

a refrigerant expansion device (16) arranged in
the refrigerantloop (6) between the second heat
exchanger (12) and the first heat exchanger
(10),

a compressor (14) arranged in the refrigerant
loop (6) between the first heat exchanger (10)
and the second heat exchanger (12), and

a safety unit (32; 34, 44, 38, 42, 55; 80, 84) com-
prising or being a refrigerant condition detector
(34, 44, 38, 42, 55; 80, 84) arranged at or in fluid
connection to the refrigerant loop (6),

the method comprising:

detecting an overpressure state of the re-
frigerant in the refrigerant loop (6) using the
safety unit.

20. Articles treatment apparatus according to any of the

21.

previous claims 1 to 18 or method according to claim
19, wherein

the refrigerant is CO, and/or

the heat pump system (4) is operated such that, at
least in the high pressure side or branch of the re-
frigerant loop, the refrigerant is above the critical
pressure or beyond the critical point such that the
refrigerant is in the fluid or supercritical phase.

Articles treatment apparatus according to any of the
previous claims 1 to 18 or method according to claim
19 or 20, wherein the first heat exchanger (10) is
adapted for cooling the medium.
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Fig. 4a Fig. 4b
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