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(54) A laundry dryer with a heat pump system and air recirculation

(57) The present invention relates to a laundry dryer
with a heat pump system comprising a refrigerant circuit
(10) for a refrigerant and an air stream circuit (12) for an
air stream. The refrigerant circuit (10) includes a com-
pressor (14), a first heat exchanger (16), an expansion
device (18) and a second heat exchanger (20) connected
in series and forming a closed loop. The air stream circuit
(12) includes at least one air stream fan (24), a laundry
drum (26), the second heat exchanger (20) and the first
heat exchanger (16) connected in series and forming a
closed loop. The refrigerant circuit (10) and the air stream
circuit (12) are thermally coupled by the first heat ex-
changer (16) and the second heat exchanger (20). The
first heat exchanger (16) is provided for heating up the
air stream and cooling down the refrigerant. The second
heat exchanger (20) is provided for cooling down the air
stream and heating up the refrigerant. The air stream
circuit (12) includes a recirculation channel (22), wherein
an inlet of said recirculation channel (22) is arranged be-
tween an air stream outlet of the first heat exchanger (16)
and an inlet of the laundry drum (26) and an outlet of said
recirculation channel (22) is arranged between an air
stream outlet of the second heat exchanger (20) and an
air stream inlet of the first heat exchanger (16).
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Description

[0001] The present invention relates to a laundry dryer
with a heat pump system according to the preamble of
claim 1.
[0002] In a laundry dryer the heat pump technology is
at present the most efficient way to dry laundry by re-
duced energy consumption. In a conventional heat pump
laundry dryer an air stream flows in a closed air stream
circuit. The air stream is moved by an air stream fan and
passes through a laundry drum removing water from wet
clothes. Then, the air stream is cooled down and dehu-
midified in an evaporator or gas heater and heated up in
a condenser or gas cooler. At last, the air stream is re-in-
serted into the laundry drum again.
[0003] A refrigerant flows in a closed refrigerant circuit.
The refrigerant is compressed by a compressor. Then,
the refrigerant is condensed in the condenser or cooled
down in the gas cooler. Next, the refrigerant is laminated
in an expansion device. At last, the refrigerant is vapor-
ized in the evaporator or heated up in the gas heater. If
the refrigerant operates at a pressure equal or higher
than the critical pressure, then it is cooled down in the
gas cooler and heated up in the gas heater, respectively.
The temperatures of the air stream and the refrigerant
are strictly connected to each other.
[0004] The cycle of the laundry dryer with the heat
pump system comprise two phases, i.e. a transitory
phase and a steady state phase. At the beginning of the
cycle, the temperatures of the air stream and the refrig-
erant are usually at ambient temperature. During the tran-
sitory phase the temperatures of the air stream and the
refrigerant increase up to a desired level. During the
steady state phase the temperatures of the air stream
and the refrigerant are kept constant until the laundry is
dried.
[0005] During the transitory phase the drying rate is
very low, since the temperature at the inlet of the laundry
drum is still low. In order to remove water from the wet
laundry a high temperature at the inlet of the laundry drum
is required. Further, the high temperature allows then,
that the air stream is dehumidified in the evaporator.
Moreover, the temperature of the air stream at the outlet
of the evaporator decreases in the beginning of the cycle
below the initial value, i.e. the ambient temperature, since
the temperature of the refrigerant decreases in the evap-
orator, after the compressor has started to work.
[0006] FIG 2 illustrates the time development of the
temperatures of the air stream at several points of the air
stream channel. The temperature T-LD-OUT of the air
stream at the outlet of the laundry drum corresponds with
the temperature T-EV-IN of the air stream at the inlet of
the evaporator. The temperature T-EV-OUT of the air
stream at the outlet of the evaporator corresponds with
the temperature T-CO-IN of the air stream at the inlet of
the condenser. The temperature T-CO-OUT of the air
stream at the outlet of the condenser corresponds with
the temperature T-LD-IN of the air stream at the inlet of

the laundry drum.
[0007] At the beginning of the drying cycle the above
temperatures T-LD-OUT, T-EV-OUT and T-CO-OUT of
the air stream are at the ambient temperature T-AM. The
temperature T-CO-OUT of the air stream at the outlet of
the condenser increases during the transitory phase. The
temperature T-LD-OUT of the air stream at the outlet of
the laundry drum can decrease marginally, but increases
during the substantial part of the transitory phase. The
temperature T-EV-OUT of the air stream at the outlet of
the evaporator decreases at first, but increases during
the substantial part of the transitory phase. However, dur-
ing the first half of the transitory phase the temperature
T-EV-OUT of the air stream at the outlet of the evaporator
is below the ambient temperature T-AM. In this example,
after about 50 minutes, the drying cycle enters the steady
state phase. During the steady state phase the temper-
atures T-LD-OUT, T-EV-OUT and T-CO-OUT of the air
stream are substantially at constant values.
[0008] The condensation temperature of the refriger-
ant is close to the temperature T-CO-OUT of the air
stream at the outlet of the condenser, while the evapo-
ration temperature is marginally lower than the temper-
ature T-EV-OUT of the air stream at the outlet of the
evaporator. The flow rate of the refrigerant depends on
the evaporation temperature. The higher the evaporation
temperature, the higher is the flow rate of the refrigerant
and the heating and cooling power of the heat pump sys-
tem. In fact, the higher evaporation temperature causes
a higher evaporation pressure and a higher density at
the inlet of the compressor. At the same time, the tem-
perature of the air stream depends on the condensation
temperature of the refrigerant. Thus, it would be advan-
tageous, if the transitory time is relative short and the
temperatures of the air stream increase fast.
[0009] EP 1 664 647 B1 discloses a drying apparatus
for drying a subject, wherein the refrigerant is circulated
through the compressor, a radiator, an expansion mech-
anism and the evaporator. The drying air is heated by
the radiator, flown to the subject to be dried and dehu-
midified by the evaporator. A part of the drying air heated
by the radiator flows through a bypass circuit directly to
the evaporator without coming into contact with the sub-
ject to be dried.
[0010] It is an object of the present invention to provide
a laundry dryer with a heat pump system, which allows
a shortened transitory phase by low complexity.
[0011] The object of the present invention is achieved
by the laundry dryer according to claim 1.
[0012] According to the present invention the air
stream circuit includes a recirculation channel, wherein
an inlet of said recirculation channel is arranged between
an air stream outlet of the first heat exchanger and an
inlet of the laundry drum and an outlet of said recirculation
channel is arranged between an air stream outlet of the
second heat exchanger and an air stream inlet of the first
heat exchanger.
[0013] The present invention provides a recirculation
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of the air stream from the connection between the air
stream outlet of the first heat exchanger and inlet of the
laundry drum to the connection between the air stream
outlet of the second heat exchanger and the air stream
inlet of said first heat exchanger. In particular, the recir-
culation of the air stream is activated during the transitory
phase or warm-up phase of the drying cycle. In this case,
only a part of the air stream is transferred into the laundry
drum. The recirculation channel provides an increasing
of the temperature of the air stream during the transitory
mode is speeded up. Thus, the drying cycle is shortened.
[0014] For example, the air stream fan is arranged
downstream of the first heat exchanger, wherein the inlet
of the recirculation channel is preferably arranged down-
stream of said air stream fan.
[0015] Alternatively, the air stream fan is arranged up-
stream of the first heat exchanger, wherein the outlet of
the recirculation channel is preferably arranged up-
stream of said first heat exchanger.
[0016] Preferably, the recirculation channel comprises
at least one airflow adjusting device or corresponds with
at least one airflow adjusting device, wherein said airflow
adjusting device is provided for opening and closing the
recirculation channel. Thus, the recirculation channel is
controllable.
[0017] For example, the airflow adjusting device is pro-
vided for opening and closing the recirculation channel
by an on-off mode.
[0018] Alternatively, the airflow adjusting device may
be provided for a continuous opening and closing of the
recirculation channel, so that the amount of the recircu-
lated air stream is controlled or controllable by the airflow
adjusting device.
[0019] Further, the airflow adjusting device is control-
led or controllable in dependence of the temperature of
the air stream. In particular, the airflow adjusting device
is controlled or controllable in dependence of the tem-
perature of the air stream at an inlet of the laundry drum.
Moreover, the airflow adjusting device may be controlled
or controllable in dependence of the temperature of the
air stream at an air stream inlet of the first heat exchanger.
[0020] Additionally or alternatively, the airflow adjust-
ing device is controlled or controllable in dependence of
the temperature of the refrigerant. For example, the air-
flow adjusting device is controlled or controllable in de-
pendence of the temperature of the refrigerant at a re-
frigerant inlet of the first heat exchanger. In a similar way,
the airflow adjusting device may be controlled or control-
lable in dependence of the temperature of the refrigerant
at a refrigerant outlet of the first heat exchanger.
[0021] According to another example, the airflow ad-
justing device is controlled or controllable according to a
predetermined time scheme.
[0022] For example, the airflow adjusting device com-
prises at least one flap. Further, the airflow adjusting de-
vice may comprise at least one valve.
[0023] The first heat exchanger acts as a gas cooler,
if the refrigerant remains in a gaseous state. In another

situation the first heat exchanger may act as a condenser,
if the refrigerant at least partially transfers from the gas-
eous state to a liquid state.
[0024] The second heat exchanger acts as a gas heat-
er, if the refrigerant remains in the gaseous state. In con-
trast, the second heat exchanger acts as an evaporator,
if the refrigerant at least partially transfers from the liquid
state to the gaseous state.
[0025] The invention will be described in further detail
with reference to the drawings, in which

FIG 1 shows a schematic diagram of a heat pump sys-
tem for a laundry dryer according to a first em-
bodiment of the present invention,

FIG 2 shows a schematic diagram of the heat pump
system for the laundry dryer according to a sec-
ond embodiment of the present invention, and

FIG 3 shows a schematic diagram of temperatures of
an air stream at several point of an air stream
channel as a function of the time.

[0026] FIG 1 illustrates a schematic diagram of a heat
pump system for a laundry dryer according to a first em-
bodiment of the present invention. The heat pump system
includes a closed refrigerant circuit 10 and an air stream
circuit 12 for the drying air.
[0027] The refrigerant circuit 10 includes a compressor
14, a condenser 16, an expansion device 18 and an evap-
orator 20. The compressor 14, the condenser 16, the
expansion device 18 and the evaporator 20 are switched
in series and form a closed loop. The air stream circuit
12 includes the evaporator 20, the condenser 16, an air
stream fan 24, a laundry treatment chamber 26, prefer-
ably a rotatable drum, and a recirculation channel 22.
The evaporator 20, the condenser 16, the air stream fan
24 and the laundry drum 26 are switched in series and
form a loop. The recirculation channel 22 is arranged
anti-parallel to the condenser 16 and air stream fan 24.
In other words, the re-circulation channel 22 is arranged
parallel to the laundry drum 26 and evaporator 20.
[0028] The drying air stream circuit 12 is preferably a
closed loop in which the process air is continuously cir-
culated through the laundry storing chamber. However
it may also be provided that a (preferably smaller) portion
of the process air is exhausted from the process air loop
and fresh air (e.g. ambient air) is taken into the process
air loop to replace the exhausted process air. And/or the
process air loop is temporally opened (preferably only a
short section of the total processing time) to have an open
loop discharge
[0029] The condenser 16 comprises an air stream inlet
and an air stream outlet as well as a refrigerant inlet and
a refrigerant outlet. In a similar way, the evaporator 20
comprises an air stream inlet and an air stream outlet as
well as a refrigerant inlet and a refrigerant outlet.
[0030] The refrigerant is compressed by the compres-
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sor 14 and condensed by the condenser 16. The refrig-
erant is laminated in the expansion device 18 and vapor-
ized in the evaporator 20. The air stream is driven by the
air stream fan 24 and passes through the laundry drum
26 removing water from wet laundry. Then, the air stream
is cooled down and dehumidified by the evaporator 20,
heated up in the condenser 16 and re-inserted into the
laundry drum 26 again.
[0031] By the recirculation channel 22 a part of the air
stream flows from the outlet of the condenser 16 directly
to the inlet of said condenser 16 via the air stream fan
24 during a transitory phase of the drying cycle. This part
of the air stream passes by the laundry drum 26 and the
evaporator 20 through the recirculation channel 22.
Then, this part of the air stream is mixed with that part of
the air stream, which comes from the evaporator. In this
way, the temperature of the air stream at the inlet of the
condenser 16 increases, so that the temperatures of the
air stream at the outlet of the condenser 16 and at the
inlet of the evaporator 20 increase as well. Thus, the par-
tially recirculation of the air stream from the outlet to the
inlet of the condenser 16 allows an increasing of the tem-
peratures of the air stream and a shortening of the tran-
sitory phase of the drying cycle.
[0032] An airflow adjusting device, for example a piv-
oting flap, a valve, a valve assembly or another similar
device, is provided in order to open and close said recir-
culation channel 22. Thus, the recirculation channel 22
can be activated and deactivated by the airflow adjusting
device. Preferably, the airflow adjusting device is ar-
ranged within the recirculation channel 22. The airflow
adjusting device is not explicitly shown in FIG 1.
[0033] Preferably, the recirculation channel 22 is inter-
connected between the outlet of the air stream fan 24
and the inlet of the condenser 16 as shown in FIG 1. In
other words, an inlet of the recirculation channel 22 is
arranged downstream of the air stream fan 24.
[0034] Since the recirculation channel 22 can be acti-
vated and deactivated by the airflow adjusting device,
the heat pump system can work in two different operation
modes, namely in a partial recirculation mode and in a
traditional mode. In the partial recirculation mode the air-
flow adjusting device is opened or partially opened, so
that a part of the air stream is recirculated from the outlet
to the inlet of the condenser 16. In the traditional mode
the airflow adjusting device is closed, so that the com-
plete air stream from the outlet of the condenser 16 is
transferred to the inlet of the laundry drum 26. The tra-
ditional mode corresponds with a heat pump system with-
out the recirculation channel 22.
[0035] The recirculation channel 22 provides an in-
creasing of the temperature of the air stream is speeded
up during the transitory mode. Thus, the increasing of
the condensation and evaporation temperatures of the
refrigerant is also speeded up and the transitory phase
is shortened. Only a part of the air stream passes through
the recirculation channel 22. The main part of the air
stream passes through the laundry drum 26 and evapo-

rator 20 in the same way as in a conventional heat pump
system.
[0036] The partial recirculation mode is switched off by
closing the airflow adjusting device. Preferably, the par-
tial recirculation mode is switched off, if the temperature
of the air stream at the air stream inlet and/or the air
stream outlet of the condenser 16 reach a predetermined
value. Further, the partial recirculation mode may be
switched off, if the temperature of the refrigerant at the
refrigerant inlet and/or the refrigerant outlet of the con-
denser 16 reaches a predetermined value. Moreover, the
partial recirculation mode may be switched off after a
predetermined time. For example, said predetermined
time starts, when the compressor 14 begins to work.
When the recirculation channel 22 is closed by the airflow
adjusting device, then the complete air stream passes
through the laundry drum 26, the evaporator 20 and the
condenser 16.
[0037] Further, the airflow adjusting device can be con-
tinuously opened and closed, so that the amount of the
air stream through recirculating channel 22 is variable.
Thus, the amount of the recirculated air stream can be
adapted to the thermodynamic conditions of the heat
pump system. Additionally, the changeover from the par-
tial recirculation mode and to the traditional mode can be
smoothed.
[0038] The above heat pump system with the recircu-
lation channel 22 is also suitable, if the refrigerant, e.g.
carbon dioxide, operates at least at the critical pressure
in a high pressure portion and eventually in a low pres-
sure portion of the refrigerant circuit 10, so that the re-
frigerant is always in the gaseous state and no conden-
sation and eventually no evaporation occur.
[0039] FIG 2 illustrates a schematic diagram of the heat
pump system for the laundry dryer according to a second
embodiment of the present invention. The heat pump
system includes the closed refrigerant circuit 10 and the
air stream circuit 12 for the drying air.
[0040] The refrigerant circuit 10 includes the compres-
sor 14, the condenser 16, the expansion device 18 and
the evaporator 20 switched in series and forming a closed
loop. The air stream circuit 12 includes the evaporator
20, the air stream fan 24, the condenser 16, the laundry
drum 26 and the recirculation channel 22. The evaporator
20, the air stream fan 24, the condenser 16 and the laun-
dry drum 26 are switched in series and form a loop. The
recirculation channel 22 is arranged anti-parallel to the
air stream fan 24 and the condenser 16. In other words,
the re-circulation channel 22 is arranged parallel to the
laundry drum 26 and evaporator 20.
[0041] In the second embodiment the air stream fan
24 is arranged upstream of the condenser 16, while the
air stream fan 24 is arranged downstream of the con-
denser 16 in the first embodiment. Further, the outlet of
the recirculation channel 22 is arranged, preferably, up-
stream of the air stream fan 24.
[0042] FIG 3 illustrates a time development of the tem-
peratures of the air stream at several points of the air
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stream channel. The temperature T-LD-OUT of the air
stream at the outlet of the laundry drum 26 corresponds
with the temperature T-EV-IN of the air stream at the inlet
of the evaporator 20. The temperature T-EV-OUT of the
air stream at the outlet of the evaporator 20 corresponds
with the temperature T-CO-IN of the air stream at the
inlet of the condenser 16. The temperature T-CO-OUT
of the air stream at the outlet of the condenser 16 corre-
sponds with the temperature T-LD-IN of the air stream
at the inlet of the laundry drum 26.
[0043] At the beginning of the drying cycle the above
temperatures T-LD-OUT, T-EV-OUT and T-CO-OUT of
the air stream are at the ambient temperature T-AM. The
temperature T-CO-OUT of the air stream at the outlet of
the condenser 16 increases during the transitory phase.
The temperature T-LD-OUT of the air stream at the outlet
of the laundry drum 26 can decrease marginally, but in-
creases during the substantial part of the transitory
phase. The temperature T-EV-OUT of the air stream at
the outlet of the evaporator 20 decreases at first, but in-
creases during the substantial part of the transitory
phase. However, during the first half of the transitory
phase the temperature T-EV-OUT of the air stream at
the outlet of the condenser 16 is below the ambient tem-
perature T-AM. During the steady state phase the tem-
peratures T-LD-OUT, T-EV-OUT and T-CO-OUT of the
air stream are substantially at constant values.
[0044] The heat pump system with the recirculation
channel 22 allows a shorter transitory phase of the drying
cycle. Thus, the time for the drying cycle is reduced. That
part of the cycle, in which the temperature T-EV-OUT
becomes lower than the ambient temperature T-AM is
reduced or eliminated.
[0045] Although illustrative embodiments of the
present invention have been described herein with ref-
erence to the accompanying drawings, it is to be under-
stood that the present invention is not limited to those
precise embodiments, and that various other changes
and modifications may be affected therein by one skilled
in the art without departing from the scope or spirit of the
invention. All such changes and modifications are intend-
ed to be included within the scope of the invention as
defined by the appended claims.

List of reference numerals

[0046]

10 refrigerant circuit

12 air stream circuit

14 compressor

16 first heat exchanger, condenser, gas cooler

18 expansion device

20 second heat exchanger, evaporator, gas heater

22 recirculation channel

24 air stream fan

26 laundry drum

T-LD-OUT temperature at the outlet of the laundry
drum

T-EV-OUT temperature at the outlet of the evaporator

T-CO-OUT temperature at the outlet of the condenser

T-LD-IN temperature at the inlet of the laundry
drum

T-EV-IN temperature at the inlet of the evaporator

T-CO-IN temperature at the inlet of the condenser

T-AM ambient temperature

Claims

1. A laundry dryer with a heat pump system comprising
a refrigerant circuit (10) for a refrigerant and an air
stream circuit (12) for an air stream, wherein

- the refrigerant circuit (10) includes a compres-
sor (14), a first heat exchanger (16), an expan-
sion device (18) and a second heat exchanger
(20) connected in series and forming a closed
loop,
- the air stream circuit (12) includes at least one
air stream fan (24), a laundry drum (26), the sec-
ond heat exchanger (20) and the first heat ex-
changer (16),
- the refrigerant circuit (10) and the air stream
circuit (12) are thermally coupled by the first heat
exchanger (16) and the additional heat ex-
changer (22),
- the first heat exchanger (16) is provided for
heating up the air stream and cooling down the
refrigerant, and
- the second heat exchanger (24) is provided for
cooling down the air stream and heating up the
refrigerant,
characterized in, that
the air stream circuit (12) includes a recirculation
channel (22), wherein an inlet of said recircula-
tion channel (22) is arranged between an air
stream outlet of the first heat exchanger (16) and
an inlet of the laundry drum (26) and an outlet
of said recirculation channel (22) is arranged be-
tween an air stream outlet of the second heat
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exchanger (24) and an air stream inlet of the first
heat exchanger (16).

2. The laundry dryer according to claim 1,
characterized in, that
the air stream fan (24) is arranged downstream of
the first heat exchanger (16), wherein the inlet of the
recirculation channel (22) is arranged downstream
of said air stream fan (24).

3. The laundry dryer according to claim 1,
characterized in, that
the air stream fan (24) is arranged upstream of the
first heat exchanger (16), wherein the outlet of the
recirculation channel (22) is arranged upstream of
said first heat exchanger (16).

4. The laundry dryer according to any one of the pre-
ceding claims,
characterized in, that
the recirculation channel (22) comprises at least one
airflow adjusting device or corresponds with at least
one airflow adjusting device, wherein said airflow ad-
justing device is provided for opening and closing
the recirculation channel (22).

5. The laundry dryer according to claim 4,
characterized in, that
the airflow adjusting device is provided for opening
and closing the recirculation channel (22) by an on-
off mode.

6. The laundry dryer according to claim 4 or 5,
characterized in, that
the airflow adjusting device is provided for a contin-
uous opening and closing of the recirculation chan-
nel (22), so that the amount of the recirculated air
stream is controlled or controllable by the airflow ad-
justing device.

7. The laundry dryer according to any one of the claims
4 to 6,
characterized in, that
the airflow adjusting device is controlled or control-
lable in dependence of the temperature of the air
stream.

8. The laundry dryer according to claim 7,
characterized in, that
the airflow adjusting device is controlled or control-
lable in dependence of the temperature of the air
stream at an inlet of the laundry drum (26) and/or at
an air stream inlet of the first heat exchanger (16).

9. The laundry dryer according to any one of the claims
4 to 8,
characterized in, that
the airflow adjusting device is controlled or control-

lable in dependence of the temperature of the refrig-
erant.

10. The laundry dryer according to claim 9,
characterized in, that
the airflow adjusting device is controlled or control-
lable in dependence of the temperature of the refrig-
erant at a refrigerant inlet of the first heat exchanger
(16) and/or at a refrigerant outlet of the first heat ex-
changer (16).

11. The laundry dryer according to any one of the claims
4 to 10,
characterized in, that
the airflow adjusting device is controlled or control-
lable according to a predetermined time scheme.

12. The laundry dryer according to any one of the claims
4 to 11,
characterized in, that
the airflow adjusting device comprises at least one
flap.

13. The laundry dryer according to any one of the claims
4 to 12,
characterized in, that
the airflow adjusting device comprises at least one
valve.

14. The laundry dryer according to any one of the pre-
ceding claims,
characterized in, that
the first heat exchanger (16) acts as a gas cooler
and the second heat exchanger (20) acts as a gas
heater, if the refrigerant remains in the gaseous
state.

15. The laundry dryer according to any one of the pre-
ceding claims,
characterized in, that
the first heat exchanger (16) acts as a condenser
and the second heat exchanger (20) acts as an evap-
orator, if the refrigerant at least partially transfers
from the liquid state to the gaseous state.

9 10 



EP 2 586 907 A1

7



EP 2 586 907 A1

8



EP 2 586 907 A1

9



EP 2 586 907 A1

10



EP 2 586 907 A1

11



EP 2 586 907 A1

12

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1664647 B1 [0009]


	bibliography
	description
	claims
	drawings
	search report

