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(54) A heat pump system for a tumble dryer

(57) The present invention relates to a heat pump
system for a tumble dryer. The heat pump system com-
prises an air stream circuit (10) including at least one
drum for receiving laundry to be dried, at least one fan
(34) for generating an air stream, a first heat exchanger
(18) and a second heat exchanger (20). The heat pump
system comprises a refrigerant circuit (12) including at
least one compressor (14), the first heat exchanger (18),
at least one expansion valve (16) and the second heat
exchanger (20). The heat pump system comprises a col-
lecting sump (24) for collecting condensed water from

one of the heat exchangers (20). The air stream circuit
(10) and the refrigerant circuit (12) are thermally coupled
by a first heat exchanger (18) and a second heat ex-
changer (20). The heat pump system comprises a closed
condensed water circuit (22) for the condensed water
with a further heat exchanger (26), wherein the refriger-
ant circuit (12) and the condensed water circuit (22) are
thermally coupled by said further heat exchanger (26).
Further, the present invention relates to a method for
controlling the heat energy exchange between the refrig-
erant circuit (12) and the condensed water circuit (22) in
the heat pump system.



EP 2 341 180 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

A heat pump system for a tumble dryer

[0001] The present invention relates to a heat pump
system for a tumble dryer according to the preamble of
claim 1.
[0002] It is an efficient way to save energy in a tumble
dryer by the heat pump technology. A typical tumble dryer
comprises a closed air stream circuit and a closed refrig-
erant circuit. The air stream circuit and the refrigerant
circuit are coupled by at least two heat exchangers. In
said air stream circuit hot dry air is blown into the drum
containing wet laundry. Then warm humid air leaves the
drum and is cooled down in an evaporator. The evapo-
rator is one of the heat exchangers. In the evaporator the
water vapour of the humid air is condensed and depos-
ited, while a refrigerant in the refrigerant circuit evapo-
rates and is heated up in the evaporator. Thus, the humid
air is dehumidified by the condensation of the water va-
pour. Then cold dry air in the air stream circuit is blown
to a condenser, in which said dry air is heated up, while
the refrigerant condenses and is cooled down in the con-
denser. At last hot dry air is blown into the drum again.
[0003] In the refrigerant circuit the refrigerant is com-
pressed and heated by a compressor. Then the refriger-
ant condenses and is cooled down in the condenser, in
which the air stream is heated up. Between the condens-
er and the evaporator the refrigerant passes an expan-
sion valve, in which said refrigerant is cooled down. In
the evaporator the refrigerant is heated up and the air
stream is cooled down, wherein the water vapour of the
air stream condenses. Then the refrigerant is com-
pressed and heated again by the compressor.
[0004] DE 44 09 607 C2 discloses a tumble dryer with
a heat pump system. The heat pump system comprises
an air stream circuit and a refrigerant circuit. The con-
densed water is used for cooling down the compressor
of the refrigerant circuit or a portion of said refrigerant
circuit.
[0005] It is an object of the present invention to provide
a heat pump system for a tumble dryer, which allows an
efficient use of heating and cooling energy resources.
[0006] The object of the present invention is achieved
by the tumble dryer according to claim 1.
[0007] According to the present invention the heat
pump system comprises a closed condensed water cir-
cuit for the condensed water with a further heat exchang-
er, wherein the refrigerant circuit and the condensed wa-
ter circuit are thermally coupled by said further heat ex-
changer.
[0008] The main idea of the present invention is the
closed condensed water circuit, which allows a recircu-
lation of the condensed water. The refrigerant is addi-
tionally cooled down due to the heat exchange with the
condensed water. The condensed water can be cooled
down due to a heat exchange with the environment.
[0009] According to a preferred embodiment of the

present invention the first heat exchanger is a condenser
provided for heating up the air stream and cooling down
the refrigerant.
[0010] In a similar way, the second heat exchanger is
an evaporator provided for cooling down the air stream
and heating up the refrigerant. Thus, the collecting sump
is provided for collecting the condensed water from the
evaporator.
[0011] Preferably, the further heat exchanger is ar-
ranged between the condenser and the expansion valve
in the refrigerant circuit. The further heat exchanger may
act as an auxiliary condenser.
[0012] For example, the further heat exchanger com-
prises a serpentine pipe for the refrigerant, wherein said
serpentine pipe is immerged in a space provided for the
condensed water. This allows an efficient heat exchange
between the refrigerant and the condensed water by sim-
ple means.
[0013] Further, the condensed water circuit includes a
water pump for pumping up the condensed water.
[0014] The condensed water circuit may include a col-
lecting tank for storing the condensed water. Preferably,
the collecting tank is arranged in a top portion of the heat
pump system, so that the condensed water can flow to
the collecting sump by gravity.
[0015] The further heat exchanger may be arranged
between the water pump and the collecting tank in the
condensed water circuit.
[0016] The condensed water circuit may include an ad-
ditional heat exchanger arranged between the evapora-
tor and the compressor in the refrigerant circuit. In par-
ticular, the additional heat exchanger is arranged be-
tween the collecting tank and the collecting sump in the
condensed water circuit.
[0017] Alternatively or additionally, the condensed wa-
ter circuit may comprise at least one fan arranged besides
a pipe portion between the collecting tank and the col-
lecting sump.
[0018] Furthermore, the present invention relates to a
method for controlling the heat energy exchange be-
tween the refrigerant circuit and the condensed water
circuit in the heat pump system, wherein said method
comprises the steps of:

- detecting the temperature difference of the refriger-
ant between the inlet and the outlet of the further
heat exchanger,

- keeping the condensed water in a collecting space
of the further heat exchanger during the temperature
difference exceeds a predetermined value, and

- recirculating the condensed water, if the temperature
difference decreases.

[0019] This method allows an efficient use of heating
and cooling energy resources.
[0020] The novel and inventive features believed to be
the characteristic of the present invention are set forth in
the appended claims.
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[0021] The invention will be described in further detail
with reference to the drawings, in which

FIG 1 illustrates a schematic diagram of a heat pump
system for a tumble dryer according to a first
embodiment of the present invention,

FIG 2 illustrates a schematic diagram of the heat
pump system for the tumble dryer according to
a second embodiment of the present invention,

FIG 3 illustrates a schematic diagram of the heat
pump system for the tumble dryer according to
a third embodiment of the present invention,

FIG 4 illustrates a schematic diagram of a portion of
a condensed water circuit for the heat pump
system according to a fourth embodiment of the
present invention,

FIG 5 illustrates a schematic diagram of a portion of
the condensed water circuit for the heat pump
system according to a fifth embodiment of the
present invention, and

FIG 6 illustrates a perspective view of a realisation of
the heat pump system for the tumble dryer ac-
cording to the present invention.

[0022] FIG 1 illustrates a schematic diagram of a heat
pump system for a tumble dryer according to a first em-
bodiment of the present invention. The heat pump system
comprises an air stream circuit 10, a refrigerant circuit
12 and a condensed water circuit 22.
[0023] The air stream circuit 10 includes a drum, a fan
for generating an air stream, a condenser 18 and an
evaporator 20. The drum and the fan, which are not
shown in FIG 1, are integrated within the air stream circuit
10. The drum is provided for receiving laundry to be dried.
The fan is provided for generating the air stream within
the air stream circuit 10. The air stream circuit 10 forms
a closed loop. In FIG 1 only a portion of the air stream
circuit 10 is shown and represented by dashed lines.
[0024] The condenser 18 and the evaporator 20 are
heat exchangers. The condenser 18 is provided for heat-
ing up the air stream in the air stream circuit 10. The
evaporator 20 is provided for cooling down the air stream
in the air stream circuit 10 for condensing the water va-
pour in said air stream.
[0025] The refrigerant circuit 12 includes a compressor
14, the condenser 18, a further heat exchanger 26, an
expansion valve 16 and the evaporator 20. The refriger-
ant circuit 12 forms also a closed loop. The air stream
circuit 10 and the refrigerant circuit 12 are thermally cou-
pled by the condenser 18 and the evaporator 20.
[0026] A refrigerant flows in the refrigerant circuit 12.
In FIG 1 the refrigerant flows counter-clockwise in the
refrigerant circuit 12. The refrigerant is compressed and

heated by the compressor 14. The heated refrigerant
reaches the condenser 18. In the condenser 18 the re-
frigerant condenses and is cooled down and the air
stream in the air stream circuit 10 is heated up. In the
further heat exchanger 26 the refrigerant is additionally
cooled down by condensed water. Then the refrigerant
is expanded and cooled down by the expansion valve
16. In the evaporator 20 the refrigerant is heated up and
the air stream is cooled down. By the compressor 14 the
refrigerant is compressed and heated up again.
[0027] The condensed water circuit 22 includes a col-
lecting sump 24, a water pump 28, the further heat ex-
changer 26 and a collecting tank 30. The collecting sump
24 is arranged at the lowest point of the condensed water
circuit 22, while the collecting tank 30 is arranged at the
highest point of the condensed water circuit 22. The col-
lecting sump 24 is connected to the evaporator 20 and
provided for collecting the condensed water from the
evaporator 20. The condensed water is pumped up from
the collecting sump 24 through the further heat exchang-
er 26 to the collecting tank 30. The condensed water can
flow down from the collecting tank 30 to the collecting
sump 24 again.
[0028] The condensed water allows the additional
cooling down of the refrigerant in the further heat ex-
changer 26. The condensed water is permanently cooled
down in the condensed water circuit 22 due to a heat
exchange with the environment, while the condensed wa-
ter flows along said condensed water circuit 22. Prefer-
ably, the condensed water circuit 22 is made of a material
with a good thermal conductivity. For example, portions
of the condensed water circuit 22 may be arranged at or
beside the wall of the cabinet of the tumble drier, in order
to allow a good heat exchange with the environment. The
heat exchange between the refrigerant and the con-
densed water in the further heat exchanger 26 allows an
effective additional cooling down of the refrigerant.
[0029] The further heat exchanger 26 may be consid-
ered as an auxiliary condenser. The further heat ex-
changer 26 may be realized as a continuation of an outlet
pipe of the condenser 18. For example, the pipe has a
serpentine structure. The serpentine pipe can be im-
merged in a collecting space under the evaporator, where
the condensed water falls down. The condensed water
can be kept in this space until the desired energy has
been exchanged. Then the condensed water can be re-
circulated by the water pump 28.
[0030] The exchanged heat can be controlled by the
measuring the temperature difference of the refrigerant
between the inlet and the outlet of the further heat ex-
changer 26. Further, the temperature difference of the
water and the time development of the temperature dif-
ferences (of water, of refrigerant or a combination there-
of) may be taken into account. The condensed water is
kept in the collecting sump 24 during the temperature
difference exceeds a predetermined value. If the temper-
ature difference decreases, then the temperature of the
condensed water is becoming too high, so that the con-

3 4 



EP 2 341 180 A1

4

5

10

15

20

25

30

35

40

45

50

55

densed water has to be recirculated.
[0031] Preferably, the collecting tank 30 is removable,
so that the user can easily empty the collecting tank 30.
When the condensed water reaches a predetermined fill
level within the collecting tank 30, then condensed water
flows down to the collecting sump 24.
[0032] FIG 2 illustrates a schematic diagram of the
heat pump system for the tumble dryer according to a
second embodiment of the present invention. The heat
pump system according to the second embodiment com-
prises the same components as the heat pump system
of the first embodiment.
[0033] Furthermore, the heat pump system of the sec-
ond embodiment comprises an additional heat exchang-
er 32. The additional heat exchanger 32 is a part of the
refrigerant circuit 12 as well as of the condensed water
circuit 22. Thus, the refrigerant circuit 12 and the con-
densed water circuit 22 are thermally coupled by the ad-
ditional heat exchanger 32.
[0034] Within the refrigerant circuit 12 the additional
heat exchanger 32 is arranged between the evaporator
20 and the compressor 14. The additional heat exchang-
er 32 allows the refrigerant to be overheated by the con-
densed water, so that only gas enters into the compressor
14. This improves the performances of the heat pump
system on the one hand and the additional heat exchang-
er 32 allows the water to be cooled down on the other
hand. Within the condensed water circuit 22 the addition-
al heat exchanger 32 is arranged between the collecting
tank 30 and the collecting sump 24.
[0035] FIG 3 illustrates a schematic diagram of the
heat pump system for the tumble dryer according to a
third embodiment of the present invention. The heat
pump system according to the third embodiment com-
prises the same components as the heat pump system
of the first embodiment.
[0036] Furthermore, the heat pump system of the third
embodiment comprises a fan 34. The fan 34 is arranged
besides a pipe connecting the collecting tank 30 to the
collecting sump 24. The fan 34 supports the heat ex-
change between the refrigerant and the environment, so
that the cooling down of the refrigerant is improved.
[0037] FIG 4 illustrates a schematic diagram of a por-
tion of a condensed water circuit for the heat pump sys-
tem according to a fourth embodiment of the present in-
vention.
[0038] In the heat pump system of the fourth embodi-
ment the condensed water circuit 22 includes a water
stream sensor 36 and a three-way valve 38. The water
stream sensor 36 is arranged in a down-stream pipe 40
between the collecting tank 30 and the collecting sump
24. The three-way valve 38 is arranged in an up-stream
pipe 42 to the collecting tank 30. A pipe connection 44
is arranged between the down-stream pipe 40 and the
three-way valve 38.
[0039] In this example, the collecting tank 30 is remov-
able and arranged in a tank housing 50. The amount of
the condensed water increases during the drying proc-

ess. The water stream sensor 36 detects a water over-
flow, when the collecting tank 30 is completely filled and
the condensed water flows into the tank housing 50.
Then, the tumble dryer is stopped in order to inform the
user that the collecting tank needs to be emptied.
[0040] The three-way valve 38 is provided for a selec-
tion between two operation modes. In the first operation
mode the connection to the collecting tank 30 is closed
and the pipe connection 44 is opened, so that the con-
densed water is recirculated. In the second operation
mode the connection to the collecting tank 30 is opened
and the pipe connection 44 is closed. The second oper-
ation mode may be activated at a predetermined time
interval, since the amount of the condensed water in-
creases during the drying process.
[0041] FIG 5 illustrates a schematic diagram of a por-
tion of the condensed water circuit for the heat pump
system according to a fifth embodiment of the present
invention.
[0042] In the heat pump system of the fifth embodiment
the condensed water circuit 22 includes the water stream
sensor 36, a recirculation pipe 46 and a recirculation
valve 48. The water stream sensor 36 is arranged in the
down-stream pipe 40 between the collecting tank 30 and
the collecting sump 24. The recirculation pipe 46 extends
from the down-stream pipe 40 to the collecting tank 30.
The recirculation valve 48 is arranged in the recirculation
pipe 46 and is provided for closing said recirculation pipe
46.
[0043] Also in this example, the collecting tank 30 is
removable. When the collecting tank 30 is completely
inserted, then the recirculation valve 48 is fluidly connect-
ed to the bottom part of the collecting tank 30, so that
immediately the water is recirculated via the down-
stream pipe 40. The condensed water is pumped up to
the collecting tank 30. When the water level in the col-
lecting tank 30 reaches a predetermined value, then the
recirculation valve 48 is activated, so that the condensed
water returns to the collecting sump 24 by gravity.
[0044] The amount of the condensed water increases
during the drying process and the collecting tank 30 will
be filled. When the collecting tank 30 is completely filled,
then the condensed water overflows into the tank housing
50. When, during the drying process, the water accumu-
lated overflows from the collecting tank 30 into the tank
housing 50, then the water passes the stream sensor 36
and the tumble dryer is stopped in order to inform the
user that the collecting tank needs to be emptied.
[0045] FIG 6 illustrates a perspective view of a reali-
sation of the heat pump system for the tumble dryer ac-
cording to the present invention. FIG 6 shows the ar-
rangement of the components of the heat pump system
within the tumble dryer.
[0046] The collecting tank 30 is arranged in a top por-
tion of the tumble dryer, while the remaining components
of the heat pump system are arranged in a bottom portion
of the tumble dryer. The collecting tank 30 is removable
within the tank housing 50. The collecting tank 30 is con-
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nected to the bottom portion of the tumble dryer by the
down-stream pipe 40 and the up-stream pipe 42.
[0047] The heat pump system according to the present
invention allows in washer dryer a reduction of the tem-
perature of the refrigerant of about 3°C. Thus, the power
of the evaporator may increase of about 50 W. In a tumble
dryer a reduction of the temperature of the refrigerant of
about 6°C can be achieved. This allows a power increase
of about 100 W.
[0048] The heat pump system according to the present
invention can be realized as a compact arrangement.
The inventive heat pump system avoids complicated
paths for the pipes outside of the air ducts. The amount
of additional material for the closed condensed water cir-
cuit, e.g. copper pipes, is very small.
[0049] 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

[0050]

10 air stream circuit

12 refrigerant circuit

14 compressor

16 expansion valve

18 first heat exchanger, condenser

20 second heat exchanger, evaporator

22 condensed water circuit

24 collecting sump

26 (further) heat exchanger

28 water pump

30 collecting tank

32 (additional) heat exchanger

34 fan

36 stream sensor

38 three-way valve

40 down-stream pipe

42 up-stream pipe

44 pipe connection

46 recirculation pipe

48 recirculation valve

50 tank housing

Claims

1. A heat pump system for a tumble dryer comprising:

- an air stream circuit (10) including at least one
drum for receiving laundry to be dried, at least
one fan for generating an air stream, a first heat
exchanger (18) and a second heat exchanger
(20),
- a refrigerant circuit (12) including at least one
compressor (14), the first heat exchanger (18),
at least one expansion valve (16) and the sec-
ond heat exchanger (20),
- a collecting sump (24) for collecting condensed
water from one of the heat exchangers (20),
wherein
- the air stream circuit (10) and the refrigerant
circuit (12) are thermally coupled by a first heat
exchanger (18) and a second heat exchanger
(20),

characterized in, that
the heat pump system comprises a closed con-
densed water circuit (22) for the condensed water
with a further heat exchanger (26), wherein the re-
frigerant circuit (12) and the condensed water circuit
(22) are thermally coupled by said further heat ex-
changer (26).

2. The heat pump system according to claim 1, char-
acterized in, that
the first heat exchanger is a condenser (18) provided
for heating up the air stream and cooling down the
refrigerant.

3. The heat pump system according to claim 1 or 2,
characterized in, that
the second heat exchanger is an evaporator (20) pro-
vided for cooling down the air stream and heating up
the refrigerant.

4. The heat pump system according to claim 2 and 3,
characterized in, that
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the collecting sump (24) is provided for collecting the
condensed water from the evaporator (20).

5. The heat pump system according to any one of the
claims 2 to 4,
characterized in, that
the further heat exchanger (26) is arranged between
the condenser (18) and the expansion valve (16) in
the refrigerant circuit (12).

6. The heat pump system according to any one of the
preceding claims,
characterized in, that
the further heat exchanger (26) comprises a serpen-
tine pipe for the refrigerant, wherein said serpentine
pipe is immerged in a space provided for the con-
densed water.

7. The heat pump system according to any one of the
preceding claims,
characterized in, that
the condensed water circuit (22) includes a water
pump (28) for pumping up the condensed water.

8. The heat pump system according to any one of the
preceding claims,
characterized in, that
the condensed water circuit (22) includes a collecting
tank (30) for storing the condensed water.

9. The heat pump system according to claim 8, char-
acterized in, that
the collecting tank (30) is arranged in a top portion
of the heat pump system, so that the condensed wa-
ter can flow to the collecting sump (24) by gravity.

10. The heat pump system according to claim 8 or 9,
characterized in, that
the further heat exchanger (26) is arranged between
the water pump (28) and the collecting tank (30) in
the condensed water circuit (22).

11. The heat pump system according to any one of the
claims 3 to 10,
characterized in, that
the condensed water circuit (22) includes an addi-
tional heat exchanger (32) arranged between the
evaporator (20) and the compressor (14) in the re-
frigerant circuit (12).

12. The heat pump system according to claim 11, char-
acterized in, that
the additional heat exchanger (32) is arranged be-
tween the collecting tank (30) and the collecting
sump (24) in the condensed water circuit (22).

13. The heat pump system according to any one of the
preceding claims,

characterized in, that
the condensed water circuit (22) comprises at least
one fan (34) arranged besides a pipe portion be-
tween the collecting tank (30) and the collecting
sump (24).

14. A method for controlling the heat energy exchange
between the refrigerant circuit (12) and the con-
densed water circuit (22) in the heat pump system
according to any one of the claims 1 to 13,
characterized in, that
the method comprises the steps of:

detecting the temperature difference of the re-
frigerant between the inlet and the outlet of the
further heat exchanger (26), and/or the temper-
ature difference of the condensed water be-
tween the inlet and the outlet of the further heat
exchanger (26), and/or the time development of
the temperature difference of the refrigerant
and/or the condensed water,
keeping the condensed water in a collecting
space during the temperature difference ex-
ceeds a predetermined value, and
recirculating the condensed water, if the tem-
perature difference decreases.
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