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(54) Method of operating a heat pump dryer and heat pump dryer

(57) Heat pump dryer (1) comprising a process air
circuit and a heat pump unit (5) having a primary refrig-
erant evaporator (6) for cooling process air (4), a primary
refrigerant condenser (7) for heating process air (4), an
auxiliary refrigerant evaporator (16) arranged outside the
process air circuit and connected between the primary
refrigerant evaporator (6) and a compressor (8) of the
heat pump unit (5), and at least one auxiliary fan (18)
adapted to impinge an air stream at the auxiliary refrig-
erant evaporator (16). At least one waste heat generating

component (25) of the heat pump dryer (1), the auxiliary
refrigerant evaporator (16) and the auxiliary fan (18) are
mutually arranged so that the auxiliary fan (18) is adapted
to impinge ambient air heated up by heat released from
said waste heat generating component (25) at the aux-
iliary evaporator (16), and/or at least a temperature sen-
sor (23) is arranged outside the process air circuit and
provided for detecting the temperature of the ambient air
around the location where the auxiliary refrigerant evap-
orator (16) is arranged.
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Description

[0001] The present application is directed to a method
of operating a heat pump dryer and a heat pump dryer.
[0002] Heat pump dryers and respective methods of
operating the same are known for example from EP 0
999 302 B1, EP 1 884 586 A2 and US 2005/0066538. In
tumble dryers, heated and dry process air is guided
through wet clothing placed in a drying drum. The heated
and dry process air absorbs moisture and thereby dries
the clothing. After that, the process air is dehumidified,
reheated and recirculated through the dryer drum, and
so on.
[0003] The known heat pump dryers use a primary
heat pump unit for dehumidification and reheating. The
primary heat pump unit comprises a primary refrigerant
evaporator for cooling and dehumidification of process
air and a primary refrigerant condenser for reheating
process air.
[0004] With the known dryers, there is provided an aux-
iliary heat exchanger, in order to optimise dehumidifica-
tion and reheating. In particular the heat-up phase can
be shortened and, as the case may be, excess heat can
be removed. It is known to use a fan to impinge an air
stream, an ambient air stream for example, at the auxil-
iary heat exchanger thereby further optimising the drying
process.
[0005] Albeit the known heat pump dryers with auxil-
iary heat exchanger are more effective than ordinary heat
pump dryers, it is still desirable to further optimize the
drying process, in particular in view of energy efficiency.
[0006] It is therefore an object of the present invention
to provide a more efficient method of operating a heat
pump dryer, preferably a heat pump tumble dryer, com-
prising an auxiliary heat exchanger. Further, a respective
heat pump dryer shall be provided, preferably a heat
pump tumble dryer.
[0007] This object is achieved by the independent
claims. Embodiments of the invention result from de-
pendent claims.
[0008] According to the present invention there is pro-
vided a heat pump dryer comprising a process air circuit
and a heat pump unit having a primary refrigerant evap-
orator for cooling process air, a primary refrigerant con-
denser for heating process air, an auxiliary refrigerant
evaporator arranged outside the process air circuit and
connected between the primary refrigerant evaporator
and a compressor of the heat pump unit, and at least one
auxiliary fan adapted to impinge an air stream at the aux-
iliary refrigerant evaporator, characterized in that at least
one waste heat generating component of the heat pump
dryer, the auxiliary refrigerant evaporator and the auxil-
iary fan are mutually arranged so that the auxiliary fan is
adapted to impinge ambient air heated up by heat re-
leased from said waste heat generating component at
the auxiliary evaporator and/or at least a temperature
sensor is arranged outside the process air circuit and
provided for detecting the temperature of the ambient air

around the location where the auxiliary refrigerant evap-
orator is arranged.
[0009] Preferably, the mutual arrangement of the aux-
iliary refrigerant evaporator, the auxiliary fan and the
waste heat generating component of the heat pump dryer
with respect to the air stream an auxiliary fan airflow is
at least one of:

- the auxiliary fan, auxiliary refrigerant evaporator and
waste heat generating component are arranged in
series

- the auxiliary fan is arranged between the waste heat
generating component and the auxiliary refrigerant
evaporator,

- the auxiliary refrigerant evaporator is arranged be-
tween the waste heat generating component and the
auxiliary fan,

- the auxiliary fan, auxiliary refrigerant evaporator and
waste heat generating component are substantially
aligned with respect to the air stream generated by
the auxiliary fan,

- the auxiliary fan, auxiliary refrigerant evaporator and
waste heat generating component are substantially
arranged along the direction of the air stream gen-
erated by the auxiliary fan.

[0010] Preferably, the temperature sensor is arranged
at least one of

- near or at the auxiliary refrigerant evaporator,
- near or at the auxiliary fan,
- between the auxiliary refrigerant evaporator and the

auxiliary fan,
- between the waste heat generating component of

the heat pump dryer, and the auxiliary fan,
- between the waste heat generating component of

the heat pump dryer and the auxiliary refrigerant
evaporator.

[0011] Preferably, the waste heat generating compo-
nent comprises an electric device and/or and electronic
device and/or a powered device and/or a passive device.
[0012] Preferably, the waste heat generating compo-
nent comprises at least one electric motor and/or at least
one controller for varying the speed of an electric motor.
Preferably, the controller for varying the speed of an elec-
tric motor is an inverter.
[0013] Preferably, the auxiliary fan is adapted to suck
in air from at least one of inside the cabinet of the heat
pump dryer, outside the cabinet, and preferably from a
rear, front or bottom side of the heat pump dryer.
[0014] Preferably, the auxiliary refrigerant evaporator
is a dual mode auxiliary heat exchanger arranged outside
the process air circuit and adapted to be operated in
evaporator mode or in condenser mode.
[0015] Preferably, the heat pump dryer further com-
prises an auxiliary refrigerant condenser arranged out-
side the process air and connected between the primary
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refrigerant condenser and refrigerant expansion means
of the heat pump unit.
[0016] According to the present invention there is pro-
vided a method of operating a heat pump dryer, the heat
pump dryer comprising a process air circuit, a heat pump
unit having a primary refrigerant evaporator for cooling
process air, a primary refrigerant condenser for heating
process air, an auxiliary refrigerant evaporator arranged
outside the process air circuit and connected between
the primary refrigerant evaporator and a compressor of
heat pump unit, and at least one auxiliary fan adapted to
impinge an air stream at the auxiliary refrigerant evapo-
rator, wherein method comprises the step of:

- operating and controlling the auxiliary fan so that am-
bient air heated up by heat released from said waste
heat generating component is directed towards at
the auxiliary evaporator, and/or

- monitoring the temperature of the ambient air around
the location where the auxiliary refrigerant evapora-
tor is arranged and operating and controlling the aux-
iliary fan on the basis of the monitored temperature.

[0017] Preferably, the method comprises the step of
operating the waste heat generating component so as to
heat up the ambient air around the location where the
auxiliary refrigerant evaporator is arranged.
[0018] Preferably, the auxiliary fan is activated and de-
activated according to at least one of

- a temperature difference between refrigerant and air
near or at the auxiliary refrigerant evaporator, the
refrigerant temperature preferably being measured
near or at the primary refrigerant evaporator,

- an air temperature near or at the auxiliary refrigerant
evaporator, auxiliary fan and/or waste heat generat-
ing component of the heat pump dryer,

- a temperature of the refrigerant and/or a pressure of
the refrigerant, both preferably measured near or at
a refrigerant outlet of the primary evaporator,

- a temperature of refrigerant near or at an refrigerant
outlet or inlet of the auxiliary refrigerant evaporator,

- a temperature difference between refrigerant and air
near or at the auxiliary refrigerant evaporator,

- a temperature of the process air and/or humidity of
the process air, both preferably near or at a process
air inlet of a drum of the heat pump tumble dryer.

[0019] Preferably, the auxiliary fan is activated if the
temperature of the refrigerant near or at an outlet of the
primary refrigerant evaporator or near or at an inlet of the
auxiliary evaporator is at least below a first preset tem-
perature, and wherein the auxiliary fan is deactivated if
the temperature of the refrigerant near or at an outlet of
the primary refrigerant evaporator or near or at an inlet
of the auxiliary heat exchanger is at least above the first
preset temperature.
[0020] Preferably, wherein the auxiliary fan is activated

if the temperature of the respective fan air stream is at
least above the temperature of the refrigerant at the re-
frigerant outlet of the primary refrigerant evaporator or
inlet of the auxiliary evaporator, and wherein the auxiliary
fan is deactivated if the temperature of the fan air stream
is at least below the temperature of the refrigerant at the
refrigerant outlet of the primary refrigerant evaporator.
[0021] According to one aspect, there is provided a
method of operating a heat pump tumble dryer, which
heat pump tumble dryer comprises a primary heat pump
unit with at least one primary refrigerant evaporator for
cooling process air, at least one primary refrigerant con-
denser for heating process air, at least one auxiliary heat
exchanger arranged outside the process air circuit and
connected or connectable between at least one of the at
least one primary refrigerant evaporator and at least one
of the at least one primary refrigerant condenser, and at
least one auxiliary fan adapted to impinge an air stream
at a respective one of the at least one auxiliary heat ex-
changer.
[0022] The at least one auxiliary fan can be activated
and deactivated by a refrigerant cycle control unit using
selected temperature, humidity and/or pressure values
of at least one of the refrigerant and process air.
[0023] The invention is inter alia based on the finding
that the efficiency of such a heat pump tumble dryer can
be improved if the temperature and/or pressure value is
selected from the group comprising: the temperature of
the refrigerant and a pressure of the refrigerant, both pref-
erably measured near or at a refrigerant outlet or inlet of
the primary evaporator or primary condenser, the tem-
perature of refrigerant near or at an refrigerant outlet or
inlet of the auxiliary heat exchanger, an air temperature
near or at the auxiliary heat exchanger, in particular the
temperature of the air stream impinging at the at least
one auxiliary heat exchanger, the temperature difference
between refrigerant near or at the refrigerant outlet or
inlet of the primary evaporator or primary condenser and
the air stream, a temperature difference between refrig-
erant and air near or at the auxiliary heat exchanger,
preferably being an auxiliary evaporator, the temperature
of the process air and humidity of the process air, both
preferably near or at a process air inlet of a drum of the
heat pump tumble dryer.
[0024] The auxiliary heat exchanger may be an auxil-
iary refrigerant evaporator, which can be connected be-
tween the primary refrigerant evaporator and a compres-
sor operating in the auxiliary refrigerant circuit. Here, the
at least one auxiliary fan may be adapted to impinge an
air stream at the auxiliary refrigerant evaporator.
[0025] It is also possible that the at least one auxiliary
fan is activated and deactivated according to at least one
of

- a temperature difference between refrigerant and air
near or at the auxiliary refrigerant evaporator, the
temperature preferably being measured near or at
the primary refrigerant evaporator and
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- an air temperature near or at the auxiliary refrigerant
evaporator.

[0026] It is to be noted that "an air temperature near
or at the auxiliary refrigerant evaporator or the auxiliary
heat exchanger" indicates the temperature of the ambi-
ent air around the location/position/place where the aux-
iliary refrigerant evaporator or the auxiliary heat exchang-
er is arranged at the heat pump dryer.
[0027] Preferably, the auxiliary refrigerant evaporator
or the auxiliary heat exchanger is arranged inside the
external casing of the heat pump dryer and preferably it
is provided at the basement of the heat pump dryer.
[0028] Preferably, respective temperature and pres-
sure values used by the refrigerant cycle control unit are
measured by at least one of a temperature sensor and
pressure sensor of the heat pump tumble dryer, arranged
at respective locations. The temperature sensor and
pressure sensor may be of any known type. In particular,
so called NTC (negative temperature coefficient) or also
PTC (positive temperature coefficient) temperature sen-
sors or other may be used.
[0029] At least one of the at least one auxiliary fan can
for example be activated if the temperature of the refrig-
erant near or at an outlet of the primary refrigerant evap-
orator or near an inlet of the auxiliary heat exchanger is
at least below a first preset temperature, and wherein the
at least one fan is deactivated if the temperature of the
refrigerant near or at an outlet of the primary refrigerant
evaporator or near an inlet of the auxiliary heat exchanger
is at least above the first preset temperature. This is of
particular advantage, if the auxiliary heat exchanger is
operated as an auxiliary refrigerant evaporator, as in this
case heat of an air stream of ambient air and/or waste
heat augmented air of components, in particular ambient
air heated up by heat released from components, in par-
ticular electric and electronic components, of the dryer,
such as a motor and the like or others, impinging at the
auxiliary evaporator for example, can be efficiently ex-
ploited, i.e. used to speed-up the heat-up phase.
[0030] In particular, the fan can be activated if the re-
spective fan air stream is at least above, i. e. above and/or
equal, the temperature of the refrigerant at the outlet of
the primary refrigerant evaporator. Here, the first preset
temperature is the temperature of ambient air and/or
waste heat augmented air of components, impinging at
the auxiliary heat exchanger. In the present case, the
auxiliary heat exchanger preferably is an auxiliary refrig-
erant evaporator. The at least one fan is deactivated if
the temperature of the fan air stream is at least below
the temperature of the refrigerant at the refrigerant outlet
of the primary evaporator.
[0031] In an embodiment, at least one of the at least
one auxiliary fan is deactivated if a temperature of refrig-
erant near or at an outlet of the primary or auxiliary heat
exchanger is at least below a second preset temperature,
and wherein the at least one auxiliary fan is activated if
the temperature of refrigerant near or at an outlet of the

primary or auxiliary heat exchanger is at least above a
second preset temperature. Such an operational mode
is of particular advantage if the auxiliary heat exchanger
is operated as an auxiliary refrigerant condenser. Here
it is possible remove excessive heat from the heat pump
tumble dryer by cooling the auxiliary refrigerant condens-
er.
[0032] As already indicated, embodiments of the pro-
posed method provide that at least one of the at least
one auxiliary heat exchanger is operated as an auxiliary
refrigerant evaporator and/or an auxiliary refrigerant con-
denser.
[0033] By using the auxiliary heat exchanger as aux-
iliary refrigerant evaporator coupled to the heat pump
unit, the initial heat up phase of the heat pump unit can
be shortened. Using the auxiliary heat exchanger as aux-
iliary refrigerant condenser excessive heat probably aris-
ing in the course of operating the heat pump tumble dryer
can be removed. Hence, the performance of the heat
pump tumble dryer can be improved.
[0034] In an embodiment, at least one of the auxiliary
heat exchanger is operated in a dual mode, i. e. in a first
operational cycle, as an auxiliary refrigerant evaporator
and, in a second operational cycle, as an auxiliary refrig-
erant condenser. Here, a commutator, preferably com-
prising one or more valves, may be used to switch be-
tween evaporator and condenser mode. The evaporator
mode can be used in the initial operational phase of the
heat pump tumble dryer in order to speed-up the heat-
up process. The condenser mode can be used in a later
stage to remove excessive heat.
[0035] Switching between first and second operational
modes can be carried out in response of at least one of:

- a temperature and/or pressure of the refrigerant,
- a temperature and/or humidity of the process air,
- a temperature of ambient air near or at the auxiliary

heat exchanger,
- a temperature difference between ambient air tem-

perature near or at the auxiliary heat exchanger and
refrigerant temperature, preferably detected near or
at the primary evaporator.

[0036] However, it is also possible that at least one of
the at least one auxiliary heat exchanger is operated as
an auxiliary refrigerant evaporator, and that at least one
of the at least one auxiliary heat exchanger is operated
as an auxiliary refrigerant condenser. In this case, both
an auxiliary refrigerant evaporator and auxiliary refriger-
ant condenser are provided.
[0037] As already indicated above, at least one of am-
bient air and waste heat augmented air from components
of the heat pump tumble dryer can be impinged at at least
one of the at least one auxiliary heat exchanger by at
least one of the at least one fan. Ambient air colder than
condenser refrigerant can be impinged at the auxiliary
refrigerant condenser in order to effectively remove ex-
cessive heat generated in the course of operating the
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heat pump tumble dryer. Ambient air and/or waste heat
augmented air from components of the heat pump tumble
dryer, having a temperature above evaporator refrigerant
can be impinged at the auxiliary refrigerant evaporator
in order to optimise heating-up in the initial operational
phase of the heat pump tumble dryer.
[0038] As can be seen, ambient air as well as waste
heat augmented air of components, such as motors and
other electronic components, of the heat pump tumble
dryer can be impinged in a first air stream at the auxiliary
refrigerant evaporator by at least one first auxiliary fan.
Further, ambient air can be impinged in a second air
stream at the auxiliary refrigerant condenser by at least
one second auxiliary fan.
[0039] In one embodiment there may be provided that
the at least one auxiliary heat exchanger is deactivated
by the controller unit in an intermediate operational stage
between a first and second operational stage in which at
least one of the at least one auxiliary heat exchanger is
activated respectively. The intermediate phase can be
the time interval between the initial phase in which an
auxiliary heat exchanger is used for accelerating heating-
up and the phase in which an auxiliary heat exchanger
is used for removing excessive heat from the heat pump
tumble dryer system.
[0040] As can be seen, the proposed method allows
to operate a heat pump tumble dryer comprising an aux-
iliary heat exchanger more efficiently.
[0041] According to a further aspect, a heat pump tum-
ble dryer is provided which comprises a primary heat
pump unit with at least one primary refrigerant evaporator
for cooling process air and at least one primary refrigerant
condenser for heating process air, at least one auxiliary
heat exchanger arranged outside the process air circuit
and connected or connectable between at least one of
the at least one primary refrigerant evaporator and at
least one of the at least one primary refrigerant condens-
er.
[0042] At least one heat exchanger may be implement-
ed to be operated as an auxiliary refrigerant evaporator
and at least one heat exchanger may be implemented to
be operated as an auxiliary refrigerant condenser.
[0043] The heat pump tumble dryer may further com-
prise at least one auxiliary fan adapted to impinge an air
stream at a respective one of the at least one auxiliary
heat exchanger. The fan may be arranged and adapted
to impinge at least one of ambient air and waste heat
augmented air from components of the heat pump tumble
dryer at at least one of the at least one auxiliary heat
exchanger, in particular either at an auxiliary refrigerant
evaporator or at an auxiliary refrigerant condenser. In
particular it is possible that at least one auxiliary fan is
adapted and arranged to impinge an airflow at the aux-
iliary refrigerant evaporator and at least one auxiliary fan
is adapted and arranged to impinge an airflow at the aux-
iliary refrigerant condenser. One or several respective
auxiliary fans may be provided in each case.
[0044] The proposed heat pump tumble dryer may fur-

ther comprise a refrigerant cycle control unit which is
adapted and designed for operating the heat pump tum-
ble dryer according to the proposed method or any em-
bodiment thereof.
[0045] As to advantages and advantageous effects of
the heat pump tumble dryer, reference is made to the
discussion in connection with the proposed method or
any embodiment thereof. The heat pump tumble dryer
may comprise respective temperature sensors, in partic-
ular NTC and PTC temperature sensors, and respective
humidity and pressure sensors, connected to the refrig-
erant cycle control unit and adapted and located to meas-
ure respective temperature, humidity and pressure val-
ues. Respective temperature, pressure and humidity val-
ues can be used to operate the at least one auxiliary fan.
The calculation of temperature differences or other op-
erations in connection with respective temperature and
pressure values may be executed by the cycle control
unit. Further, the at least one auxiliary heat exchanger
may be at least one of an auxiliary refrigerant evaporator
and auxiliary refrigerant condenser. Respective auxiliary
fans, and, as the case may be, associated ducting and
the like may be provided and arranged such that respec-
tive air streams can be adequately impinged at the at
least one auxiliary heat exchanger. Air for generating re-
spective air streams may be taken from the outside of
the heat pump tumble dryer via front, back or side open-
ings provided in the heat pump tumble dryer housing. It
is also possible that air for generating respective air
streams is at least partially taken from locations inside
the heat pump tumble dryer housing.
[0046] A heat pump tumble dryer may comprise a heat
pump unit with a primary refrigerant evaporator for cool-
ing process air, a primary refrigerant condenser for heat-
ing process air, and further comprising at least one aux-
iliary refrigerant evaporator and at least one auxiliary re-
frigerant condenser respectively connected between the
primary refrigerant evaporator and the primary refriger-
ant condenser or a compressor operating in the auxiliary
refrigerant cycle. In this case, the heat pump tumble dryer
comprises both an auxiliary refrigerant evaporator and
auxiliary condenser that may be operated independently
from each other. This has the advantage that both the
heat-up phase and the process of removing excess heat
can be optimized independent from each other in a more
flexible way, in particular with respect to energetic con-
siderations. The heat-up phase can be optimized by op-
erating the auxiliary refrigerant evaporator in an initial
operational stage for example. The auxiliary refrigerant
condenser may be operated in an advanced stage or
phase in which removal of excess heat from the refrig-
erant is required for keeping optimal refrigerant working
conditions.
[0047] In the case that both an auxiliary refrigerant
evaporator and auxiliary refrigerant condenser shall be
available, it is possible that at least one auxiliary heat
exchanger is a dual mode heat exchanger which is op-
erable in a heat evaporator and a heat condenser mode.
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In this case it is possible to switch the heat exchanger
from auxiliary evaporator mode to auxiliary condenser
mode and vice versa according to respective needs, in
particular in response or dependent on certain parameter
values as described further above. Such parameter val-
ues may comprise temperature, pressure and/or humid-
ity values of refrigerant, process air, ambient air.
[0048] The heat pump tumble dryer as proposed im-
mediately beforehand may comprise a refrigerant cycle
control unit adapted and designed for operating the heat
pump tumble dryer according to the proposed method or
any embodiment thereof. As to advantages and advan-
tageous effects reference is made to the discussion fur-
ther above.
[0049] The at least one auxiliary fan of the heat pump
tumble dryer may be adapted to impinge at least one of
ambient air and waste heat augmented air from compo-
nents of the heat pump tumble dryer at least one of the
at least one auxiliary heat exchanger.
[0050] In the case that at least one auxiliary heat ex-
changer is operated as an auxiliary refrigerant evapora-
tor, a mutual arrangement of the auxiliary refrigerant
evaporator, at least one auxiliary fan and a motor or other
waste heat generating components of the heat pump
tumble dryer with respect to an auxiliary fan airflow is at
least one of:

- the auxiliary fan, auxiliary refrigerant evaporator (16)
and motor are arranged in series

- the auxiliary fan is arranged between the motor and
the auxiliary refrigerant evaporator,

- the auxiliary refrigerant evaporator is arranged be-
tween the motor and the auxiliary fan.

[0051] It is possible and in some cases preferred, that
the at least one auxiliary fan is adapted to suck in air from
at least one of inside the cabinet or casing of the heat
pump tumble dryer, outside the cabinet, in particular from
a rear, front or bottom side of the heat pump tumble dryer.
[0052] Temperature sensors arranged outside the
process air circuit and provided for measuring or detect-
ing an air temperature may preferably be arranged near
or at the auxiliary refrigerant evaporator. The measured
temperatures may be used for controlling operation of
the at least one auxiliary fan.
[0053] At least one of the at least one temperature sen-
sor arranged outside the process air circuit may be ar-
ranged at least one of near or at the at least one auxiliary
refrigerant evaporator, near or at the at least one auxiliary
fan, between one of the at least one auxiliary refrigerant
evaporator and at least one auxiliary fan, between waste
heat generating components, in particular electric com-
ponents, of the heat pump tumble dryer, and the at least
one auxiliary fan, between waste heat generating com-
ponents, in particular electric components, such as a mo-
tor of the heat pump tumble dryer, and the at least one
auxiliary refrigerant evaporator.
[0054] As becomes obvious from the above discus-

sion, the proposed method and heat pump tumble dryers
are suitable for improving operational efficiency, in par-
ticular with respect to energetic aspects. In particular they
are effective in speeding up the process of drying cloths
in that the initial heat-up phase can be shortened. Further,
it is possible to obtain or maintain optimal refrigerant
working conditions in advanced operational stages, in
that excess heat can be removed by an auxiliary con-
denser functionality.
[0055] Embodiments of the invention will now be de-
scribed in connection with the annexed figures, in which

Fig. 1 schematically shows a comprehensive config-
uration of a heat pump tumble dryer;

Fig. 2 diagrams refrigerant inlet and outlet tempera-
tures in the heat-up phase;

Fig. 3 schematically shows a second configuration of
a heat pump tumble dryer;

Fig. 4 schematically shows a third configuration of a
heat pump tumble dryer;

Fig. 5 shows a first operational mode of the third con-
figuration shown in Fig. 4;

Fig. 6 shows a second operational mode of the third
configuration shown in Fig. 4; and

Fig. 7 shows an arrangement of certain components
of the heat pump tumble dryer and in particularly
the location/position/place where the auxiliary
refrigerant evaporator is arranged at the heat
pump dryer.

[0056] The following description of embodiments of a
heat pump dryer shall not be construed as limiting the
scope of the invention. In particular, features jointly
shown in any of the figures can be implemented alone
or in any other combination as discussed further above.
[0057] If not otherwise stated like elements are denot-
ed by like reference signs throughout the figures. The
figures may not be true to scale, and scales of different
figures may be different.
[0058] Fig. 1 schematically shows a comprehensive
configuration of a heat pump dryer 1, preferably a heat
pump tumble dryer. Comprehensive shall mean that the
configuration shows more features and components than
are necessary to implement the invention.
[0059] The heat pump dryer 1 comprises a drying
chamber 2, preferably a rotatable drum, in which wet
clothing 3 to be dried can be arranged. For drying clothing
3, process air 4 is circulated through a process air circuit
comprising the drying chamber 2. In more detail, heated
process air 4 with a comparative low relative humidity is
fed into the drying drum 2 impinging at the wet clothing
3 and absorbing or withdrawing humidity of wet clothing 3.
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[0060] Process air 4 having a comparatively high rel-
ative humidity leaves the drying drum 2 and is cooled
down to remove humidity therefrom. After that, the proc-
ess air 4 is reheated, thereby reducing its relative humid-
ity, and is fed into the drying drum 2 again.
[0061] For dehumidification and reheating the process
air 4, the heat pump tumble dryer 1 comprises a heat
pump unit 5. The heat pump unit 5 comprises a primary
refrigerant evaporator 6 and a primary refrigerant con-
denser 7.
[0062] For drying clothing 3, the process air circuit fur-
ther comprises the primary refrigerant evaporator 6 and
the primary refrigerant condenser 7.
[0063] Further, the heat pump unit 5 comprises a com-
pressor 8 interconnected between the primary refrigerant
evaporator 6 and primary refrigerant condenser 7. In
more detail, a primary refrigerant evaporator outlet 9 is
connected to a compressor inlet 10. A compressor outlet
11 is connected to a primary refrigerant condenser inlet
12. A primary refrigerant condenser outlet 13 is connect-
ed via refrigerant expansion means such as throttling el-
ement 14, a capillary or an adjustable valve for example,
to a primary refrigerant evaporator inlet 15. As such, the
heat pump unit 5 described so far corresponds to an or-
dinary tumble dryer heat pump with which heat is trans-
ferred from the primary refrigerant evaporator 6 to the
primary refrigerant condenser 7. In particular, refrigerant
circulated in the heat pump unit closed circuit is cooled
down at the primary refrigerant evaporator 6 and heated
up at the primary refrigerant condenser 7.
[0064] The relatively low temperature at the primary
refrigerant evaporator 6 is used to cool down, i. e. to
dehumidify, the process air 4 having exited the drying
drum 2. The relatively high temperature at the primary
refrigerant condenser 7 is used to reheat the process air
4 to be fed to the drying drum 2.
[0065] The heat pump unit 5 further comprises two
auxiliary heat exchangers, an auxiliary refrigerant evap-
orator 16 and an auxiliary refrigerant condenser 17 in the
present case. Note that it is not mandatory that exactly
two auxiliary heat exchangers are provided. Rather, the
number of auxiliary refrigerant heat exchangers can be
varied from one to nearly any arbitrary number.
[0066] The auxiliary refrigerant evaporator 16 is inter-
posed between the primary refrigerant evaporator 6 and
the compressor 8. The auxiliary refrigerant condenser 17
is interposed between the primary refrigerant condenser
7 and the primary refrigerant evaporator 6 downstream
the primary refrigerant condenser 7 but upstream the
throttling element 14. Note that the direction of refrigerant
flow is indicated in Fig. 1 by small arrows. The auxiliary
heat exchangers are arranged outside the process air
circuit, i. e. that they are not impinged with process air 4.
[0067] The auxiliary refrigerant evaporator 16 serves
to speed up heat transfer to the primary refrigerant con-
denser 7, i. e. to speed up the heat-up phase of the heat
pump tumble dryer 1.
[0068] The auxiliary refrigerant condenser serves to

remove excess heat from the refrigerant which may be-
come relevant in advanced stages of tumble dryer oper-
ation. As can be seen, the purpose of the auxiliary heat
exchangers is quite special. Therefore it is required to
adequately and exactly operate the auxiliary heat ex-
changers, as provided and proposed herein, and to pro-
vide respective operational conditions.
[0069] In order to have a better control over the auxil-
iary heat exchangers, there are provided a first fan 18
and second fan 19, which are adapted to impinge an air
stream at the auxiliary refrigerant evaporator 16 and aux-
iliary refrigerant condenser 17, respectively.
[0070] It has been found by the inventors, that in view
of energetic aspects it is of crucial importance to ade-
quately control the first fan 18 and, if applicable, also the
second fan 19 according to selected temperatures or
pressures of the refrigerant and/or process air 4, meas-
ured at specific locations along the heat pump refrigerant
circuit or process air circuit.
[0071] Therefore, the proposed heat pump tumble dry-
er further comprises a refrigerant cycle control unit 20
which is adapted and designed to control the first 18 and
second fan 19 according to special temperature values
as exemplarily set out further below. Note that also re-
frigerant pressure values or process air pressure values
or process air humidity values may be used in order to
control the first 18 and second fan 19. In general, all tem-
perature and/or pressure values mentioned so far and
further below may be used, in particular but not restricted
to the temperature of the air where the auxiliary refriger-
ant evaporator 16 is arranged, and also the temperature
difference between air where the auxiliary refrigerant
evaporator is arranged and refrigerant, preferably detect-
ed near or at the primary refrigerant evaporator 6.
[0072] In order to measure respective temperature val-
ues, the cycle control unit 20 is connected to first 21 to
fourth temperature sensors 24. Based on the tempera-
ture values, which are respectively denoted as first to
fourth temperature values, the refrigerant cycle control
unit 20 can activate and deactivate the first 18 and second
fan 19 as follows:

The first temperature value measured with the first
temperature sensor 21 and corresponding essential-
ly to the refrigerant temperature between the primary
refrigerant evaporator 6 and auxiliary refrigerant
evaporator 16, can be used together with the tem-
perature of the air stream impinging at the auxiliary
refrigerant evaporator 6, i. e. the third temperature
value. The first fan 18 can be activated, if the first
temperature value is lower than the third temperature
value. The first fan 18 can be deactivated again, if
the first temperature value is higher than the third
temperature value. In doing so, at least the initial
heat-up phase of the heat-pump unit 5 can be accel-
erated. In particular, the first fan 18 can be kept ac-
tivated up to the point in which the temperature of
the air stream impinging at the auxiliary refrigerant
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evaporator 16 is about equal the temperature of the
refrigerant at the auxiliary refrigerant evaporator 16,
i. e. or in other words up to the point in which the first
temperature value is about the same as the third
temperature value. The first fan 18 shall be deacti-
vated if the first temperature value is higher than the
third temperature value as in this case a negative
energetic balance may result.

[0073] In order to keep the temperature of the air
stream impinging at the auxiliary refrigerant evaporator
16 or the auxiliary dual mode heat exchanger 27 on high
levels as long as possible, it is advantageous to use
waste heat augmented air from components of the heat
pump tumble dryer 1. Such waste heat may for example
be generated by at least one waste heat generating com-
ponent of the heat pump tumble dryer 1 such as an elec-
tric device, an electronic device, a powered device, a
passive device, an electric motor, a controller for varying
the speed of an electric, an inverter for example. Using
waste heat in such a way improves energetic efficiency
of the heat pump tumble dryer 1.
[0074] For example, while in normal condition the tem-
perature of the ambient air around the location where the
auxiliary refrigerant evaporator 16 or the auxiliary dual
mode heat exchanger 27 is arranged ranges from 20°C
to 23°C (obviously if the heat pump dryer is placed out-
side the temperature may be different), in case of ambient
air heated up by the heat released from the electric motor
(for example), the ambient air temperature can range
from 30°C to 45°C depending on the mutual arrangement
of auxiliary refrigerant evaporator 16 or auxiliary dual
mode heat exchanger 27, auxiliary fan 18, 19 and electric
motor.
[0075] As it can be readily understood, this has bene-
ficial effects during the initial operation of the heat pump
dryer 1 by speeding up the warm up phase of the heat
pump unit.
[0076] The first fan 18 can also or in the alternative be
controlled in dependence of the fourth temperature value,
i. e. the process air temperature at an entrance region to
the drying drum 2. At comparatively low fourth tempera-
ture values, indicating that the heat pump tumble dryer
1 is still in the initial heat-up phase, the first fan 18 can
be activated. As soon as the fourth temperature value
reaches a given threshold indicative of normal operation-
al conditions, the first fan 18 can be deactivated again.
[0077] Turning now to the second fan 19 impinging an
air stream at the auxiliary refrigerant condenser 17, the
second temperature value, i. e. the temperature of the
refrigerant at an refrigerant outlet of the primary refriger-
ant condenser 7, is used. As already mentioned, the aux-
iliary refrigerant condenser 17 is provided for the purpose
of removing or even preventing overheat in the refriger-
ant. Therefore, the second fan 19 is activated if the sec-
ond temperature reaches or exceeds a preset overheat
temperature level. In the case that the temperature lies
or falls below that level, the second fan 19 can or shall

be deactivated in order to obtain optimal operation and
steady conditions, in particular with respect to energetic
aspects.
[0078] For sake of completeness it shall be mentioned
that the heat pump tumble dryer 1 comprises a third fan
26 adapted and designed for circulating the process air
4 within the heat pump tumble dryer 1.
[0079] Fig. 2 diagrams refrigerant evaporator inlet tem-
peratures Ti, refrigerant evaporator outlet temperatures
To and ambient air temperature Ta versus operational
time. The ambient air temperature Ta may be the tem-
perature of ambient air of the area where the auxiliary
refrigerant evaporator 16 is arranged with or without heat-
ing provided by electric or electronic components of the
dryer 1. Under normal conditions, ambient air tempera-
ture Ta remains constant over time. In the heat up phase
of the heat pump tumble dryer 1, the outlet temperature
To first raises, then drops and finally raises again. The
inlet temperature Ti has a similar behaviour. Especially
in the time interval, in which the outlet temperature To is
below ambient air temperature Ta, which is indicated by
a double arrow in Fig. 2, the auxiliary refrigerant evapo-
rator 16 can effectively be used to shorten the heating-
up phase of the heat pump tumble dryer 1.
[0080] Fig. 3 shows a different configuration, in which
the auxiliary refrigerant condenser 17 and related com-
ponents are left out. With the second configuration, only
the second temperature value, i. e. the refrigerant tem-
perature at the primary refrigerator condenser outlet 13,
and the third temperature value, i. e. the temperature of
the air stream impinged at the auxiliary refrigerant evap-
orator 16, are or can be used. In using these temperature
values or probably only the third temperature value, the
heat up phase can at least roughly be identified and the
first fan 18 can be operated accordingly, in particular as
described in connection with Fig. 1 and 2. As can be
seen, with the second configuration, the heat-up phase
of the heat-pump tumble dryer 1 can be optimized.
[0081] Fig. 4 schematically shows a third configuration
of a heat pump tumble dryer. For the sake of clarity, only
components of the heat pump unit 5 are shown. The dif-
ference as compared to the first configuration is that the
third configuration comprises an auxiliary dual mode heat
exchanger 27 instead of the auxiliary refrigerant evapo-
rator 16 and auxiliary refrigerant condenser 17. The dual
mode heat exchanger can be operated as an auxiliary
refrigerant evaporator and auxiliary refrigerant condens-
er.
[0082] The auxiliary dual mode heat exchanger 27 is
connected via ducting, and valves 28, in the present case
three way valves, with the compressor 8, the primary
refrigerant evaporator 6 and the primary refrigerant con-
denser 7.
[0083] The auxiliary dual mode heat exchanger 27 acts
as an auxiliary refrigerant evaporator if switch positions
of the valves 28 are such that a ducting as indicated in
Fig. 5 is obtained. In Fig. 5, inactive ducts are visualized
in a shade of grey, whereas active ducts are visualized
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in black. The operational mode as possible with the duct-
ing according to Fig. 5 can be selected in the initial op-
erational phase in order to speed-up the heat-up process.
[0084] In a later operational stage, when the problem
of overheating arises, the auxiliary dual mode heat ex-
changer 27 can be used as an auxiliary refrigerant con-
denser, in order to remove excess heat. The ducting re-
quired for operating the auxiliary dual mode heat ex-
changer 27 as auxiliary refrigerant condenser is indicated
in Fig. 6 where inactive ducts are visualized in a shade
of grey, whereas active ducts are visualized in black.
[0085] In case of a single auxiliary dual mode heat ex-
changer 27 with commutator or in case of separated aux-
iliary condenser and auxiliary evaporator, a control unit,
in particular the refrigerant cycle control unit 20, may
switch from one mode to another or activate/deactivate
the fan of the auxiliary refrigerant condenser and auxiliary
refrigerant evaporator in response of some certain pa-
rameter:

- temperature/pressure of the refrigerant,
- temperature/humidity of the process air 4,
- temperature of the ambient air where the auxiliary

evaporator is arranged,
- temperature difference between the ambient air

where the auxiliary evaporator is arranged and re-
frigerant temperature (preferably detected near or at
the primary evaporator)

[0086] As it can be seen, providing an auxiliary dual
mode heat exchanger 27 gives the same advantages,
from a functional viewpoint, as the configuration in which
both an auxiliary refrigerant evaporator 16 and condens-
er 17 are provided, but additionally provides the possi-
bility to save space and components since only one heat
exchanger can be installed at the dryer. It shall be men-
tioned, that at least one fan comparable to the first 18
and second fan 19 can be provided, and which may be
adapted to impinge respective air streams at the dual
mode heat exchanger 27, preferably a single fan can be
provided.
[0087] Fig. 7 shows an arrangement of selected com-
ponents of the heat pump tumble dryer. In more detail,
an auxiliary evaporator 16, an auxiliary fan 18 and a motor
25 of the heat pump tumble dryer are shown, which are
arranged in series in the present case.
[0088] The auxiliary fan 18 is arranged between the
motor 25 and the auxiliary refrigerant evaporator 16. The
auxiliary fan 18 can be operated such that an auxiliary
fan airflow from the motor 25 towards the auxiliary refrig-
erant evaporator 16 is generated.
[0089] During operation of the motor 25 waste heat is
generated. Such waste heat will lead to elevated tem-
peratures within the cabinet of the heat pump tumble dry-
er. In particular, air guided, blown or as in the present
case sucked through regions with waste heat sources is
heated up and impinged at the auxiliary refrigerant evap-
orator 16. In this case, the initial heating up time of the

auxiliary refrigerant evaporator 16 can be greatly reduced
and energy consumption can be reduced. Note that other
arrangements of the motor 25, or other waste heat gen-
erating elements or components, the auxiliary fan 18 and
the auxiliary refrigerant evaporator 16 are conceivable,
such as for example arrangements as mentioned further
above.
[0090] In Fig. 7 there is further shown a temperature
sensor 23 which is arranged between the motor 25 and
the auxiliary fan 18. The temperature sensor 23 is pro-
vided for determining an air temperature neat or at the
motor 25 and the auxiliary fan 18. The temperature de-
tected by the temperature sensor 23 can be used to con-
trol the auxiliary fan 18, as described further above.
[0091] Note that there may be provided more than one
temperature sensor, which temperature sensors may be
placed in different locations, such for example near or at
the at least one auxiliary refrigerant evaporator 16, be-
tween the auxiliary refrigerant evaporator 16 and auxil-
iary fan 18, between waste heat generating components,
such as the motor or electric components of the heat
pump tumble dryer, and the at least one auxiliary refrig-
erant evaporator 16.
[0092] It shall further be noted, that the mutual arrange-
ment of motor 25, auxiliary fan 18 and auxiliary refrigerant
evaporator 16 may differ from the arrangement shown in
Fig. 7 such that alternative or other locations for the tem-
perature sensors are also conceivable.
[0093] In all, it can be seen, that the heat pump tumble
dryer and respective methods of operating the same
make it possible to operate a tumble dryer more effec-
tively, in particular in view of energetic aspects.

List of reference numerals

[0094]

1 heat pump tumble dryer

2 drying drum

3 clothing

4 process air

5 heat pump unit

6 primary refrigerant evaporator

7 primary refrigerant condenser

8 compressor

9 primary refrigerant evaporator outlet

10 compressor inlet

11 compressor outlet
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12 primary refrigerant condenser inlet

13 primary refrigerant condenser outlet

14 throttling element

15 primary refrigerant evaporator inlet

16 auxiliary refrigerant evaporator

17 auxiliary refrigerant condenser

18 first/auxiliary fan

19 second/auxiliary fan

20 refrigerant cycle control unit

21-24 first to fourth temperature sensor

25 motor

26 third fan

27 dual mode heat exchanger

28 valve

Ti inlet temperature

To outlet temperature

Ta ambient air temperature

Claims

1. Heat pump dryer (1) comprising a process air circuit
and a heat pump unit (5) having a primary refrigerant
evaporator (6) for cooling process air (4), a primary
refrigerant condenser (7) for heating process air (4),
an auxiliary refrigerant evaporator (16) arranged out-
side the process air circuit and connected between
the primary refrigerant evaporator (6) and a com-
pressor (8) of the heat pump unit (5), and at least
one auxiliary fan (18) adapted to impinge an air
stream at the auxiliary refrigerant evaporator (16),
characterized in that

- at least one waste heat generating component
(25) of the heat pump dryer (1), the auxiliary re-
frigerant evaporator (16) and the auxiliary fan
(18) are mutually arranged so that the auxiliary
fan (18) is adapted to impinge ambient air heat-
ed up by heat released from said waste heat
generating component (25) at the auxiliary
evaporator (16), and/or
- at least a temperature sensor (23) is arranged

outside the process air circuit and provided for
detecting the temperature of the ambient air
around the location where the auxiliary refriger-
ant evaporator (16) is arranged.

2. Heat pump dryer according to claim 1, wherein the
mutual arrangement of the auxiliary refrigerant evap-
orator (16), the auxiliary fan (18) and the waste heat
generating component (25) of the heat pump dryer
with respect to the air stream an auxiliary fan airflow
is at least one of:

- the auxiliary fan (18), auxiliary refrigerant evap-
orator (16) and waste heat generating compo-
nent (25) are arranged in series,
- the auxiliary fan (18) is arranged between the
waste heat generating component (25) and the
auxiliary refrigerant evaporator (16),
- the auxiliary refrigerant evaporator (16) is ar-
ranged between the waste heat generating com-
ponent (25) and the auxiliary fan (18),
- the auxiliary fan (18), auxiliary refrigerant evap-
orator (16) and waste heat generating compo-
nent (25) are substantially aligned with respect
to the air stream generated by the auxiliary fan
(18),
- the auxiliary fan (18), auxiliary refrigerant evap-
orator (16) and waste heat generating compo-
nent (25) are substantially arranged along the
direction of the air stream generated by the aux-
iliary fan (18).

3. Heat pump dryer according to at least one of claims
1 or 2, wherein the temperature sensor (23) is ar-
ranged at least one of

- near or at the auxiliary refrigerant evaporator
(16),
- near or at the auxiliary fan (18),
- between the auxiliary refrigerant evaporator
(16) and the auxiliary fan (18),
- between the waste heat generating component
(23) of the heat pump dryer, and the auxiliary
fan (18),
- between the waste heat generating component
(23) of the heat pump dryer and the auxiliary
refrigerant evaporator (16).

4. Heat pump dryer according to at least one of claims
1 to 4, wherein the waste heat generating component
(23) comprises an electric device and/or and elec-
tronic device and/or a powered device and/or a pas-
sive device.

5. Heat pump dryer according to claim 3 or 4, wherein
the waste heat generating component (23) compris-
es at least one electric motor and/or at least one
controller for varying the speed of an electric motor.
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6. Heat pump dryer according to claim 5, wherein the
controller for varying the speed of an electric motor
is an inverter.

7. Heat pump dryer according to at least one of claims
claim 1 to 6, wherein the auxiliary fan (18) is adapted
to suck in air from at least one of inside the cabinet
of the heat pump dryer, outside the cabinet, and pref-
erably from a rear, front or bottom side of the heat
pump dryer.

8. Heat pump dryer according to at least one of claims
claim 1 to 7, wherein the auxiliary refrigerant evap-
orator (16) is a dual mode auxiliary heat exchanger
(27) arranged outside the process air circuit and
adapted to be operated in evaporator mode or in
condenser mode.

9. Heat pump dryer according to at least one of claims
claim 1 to 7, further comprising an auxiliary refriger-
ant condenser (17) arranged outside the process air
and connected between the primary refrigerant con-
denser (7) and refrigerant expansion means of the
heat pump unit (5)

10. Method of operating a heat pump dryer (1), the heat
pump dryer (1) comprising a process air circuit, a
heat pump unit (5) having a primary refrigerant evap-
orator (6) for cooling process air (4), a primary re-
frigerant condenser (7) for heating process air (4),
an auxiliary refrigerant evaporator (16) arranged out-
side the process air circuit and connected between
the primary refrigerant evaporator (6) and a com-
pressor (8) of heat pump unit (5), and at least one
auxiliary fan (18) adapted to impinge an air stream
at the auxiliary refrigerant evaporator (16), charac-
terized in that the method comprises the step of:

- operating and controlling the auxiliary fan (18)
so that ambient air heated up by heat released
from said waste heat generating component
(25) is directed towards at the auxiliary evapo-
rator (16), and/or
- monitoring the temperature of the ambient air
around the location where the auxiliary refriger-
ant evaporator (16) is arranged and operating
and controlling the auxiliary fan (18) on the basis
of the monitored temperature.

11. Method of operating a heat pump dryer (1), accord-
ing to claim 10, comprising the step of:

- operating the waste heat generating compo-
nent (25) so as to heat up the ambient air around
the location where the auxiliary refrigerant evap-
orator (16) is arranged.

12. Method according to claim 10 or 11, wherein the aux-

iliary fan (16) is activated and deactivated according
to at least one of

- a temperature difference between refrigerant
and air near or at the auxiliary refrigerant evap-
orator (16), the refrigerant temperature prefera-
bly being measured near or at the primary re-
frigerant evaporator (6),
- an air temperature near or at the auxiliary re-
frigerant evaporator (16), auxiliary fan (18)
and/or waste heat generating component of the
heat pump dryer,
- a temperature of the refrigerant and/or a pres-
sure of the refrigerant, both preferably meas-
ured near or at a refrigerant outlet (9) of the pri-
mary evaporator (6),
- a temperature of refrigerant near or at an re-
frigerant outlet or inlet of the auxiliary refrigerant
evaporator (16),
- a temperature difference between refrigerant
and air near or at the auxiliary refrigerant evap-
orator (16),
- a temperature of the process air (4) and/or hu-
midity of the process air (4), both preferably near
or at a process air inlet of a drum (2) of the heat
pump tumble dryer (1).

13. Method according to at least one of claims 10 to 11,
wherein the auxiliary fan (18) is activated if the tem-
perature (To) of the refrigerant near or at an outlet
(9) of the primary refrigerant evaporator (6) or near
or at an inlet of the auxiliary evaporator (16) is at
least below a first preset temperature (Ta), and
wherein the auxiliary fan (18) is deactivated if the
temperature (To) of the refrigerant near or at an outlet
(9) of the primary refrigerant evaporator (6) or near
or at an inlet of the auxiliary heat exchanger (16) is
at least above the first preset temperature (Ta).

14. Method according to at least one of claims 10 to 13,
wherein the auxiliary fan (18) is activated if the tem-
perature (Ta) of the respective fan air stream is at
least above the temperature (To) of the refrigerant
at the refrigerant outlet (9) of the primary refrigerant
evaporator (6) or inlet of the auxiliary evaporator
(16), and wherein the auxiliary fan (18) is deactivated
if the temperature (Ta) of the fan air stream is at least
below the temperature (To) of the refrigerant at the
refrigerant outlet of the primary refrigerant evapora-
tor (6).
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