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(54) CLOTHES DRYING APPARATUS

(57) A clothes drying apparatus (1), comprising a
heat pump (2) having a rotary compressor (3) for com-
pressing a working fluid (F) flowing through the heat
pump (2), wherein the compressor (3) is a multi-chamber

rotary compressor having at least two independently op-
erable compression chambers (4, 5). The invention is
particularly useful for household appliances, e.g. for
clothes dryers having a closed-loop process air circuit.
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Description

[0001] The invention relates to a clothes drying appa-
ratus comprising a heat pump having a rotary compres-
sor for compressing a working fluid flowing through the
heat pump. The invention is particularly useful for house-
hold appliances, e.g. for clothes dryers having a closed-
loop process air circuit.
[0002] There are household clothes dryers known that
comprise a heat pump having a rotary compressor for
compressing a working fluid flowing through the heat
pump wherein a cooling capacity of the heat pump may
be varied by varying a rotating velocity of the rotary com-
pressor. To this effect, the rotary compressor comprises
a BLDC motor for rotating the rotatable parts and an in-
verter.
[0003] EP 2 612 695 A1 discloses an appliance for
drying laundry including a drying-air moisture-condens-
ing system comprising a heat pump system with a vari-
able-output compressor, and at least one drying air var-
iable-speed fan for promoting the recirculation of the dry-
ing air, the appliance being adapted to perform at least
one laundry drying cycle in at least a first drying mode
wherein the compressor is driven to a first compressor
mode having a compressor power consumption course
and/or a compressor rotational speed course and/or a
frequency course of the supply current/voltage of the
compressor motor and the fan is driven to a first fan mode
having a speed course, and at least a second drying
mode wherein the compressor is driven to a second com-
pressor mode comprising a compressor power consump-
tion course and/or a compressor rotational speed course
and/or a frequency course of the supply current/voltage
of the compressor motor and the fan is driven to a second
fan mode having a speed course, wherein for at least a
portion of the drying cycle, a compressor power con-
sumption and/or a compressor rotational speed and/or a
frequency of the supply current/voltage of the compres-
sor of the second compressor mode is/are higher than
the one/s of the first compressor mode and the speed of
the second fan mode is higher than the speed of the first
fan mode.
[0004] It is the object of the present invention to at least
partially overcome the problems associated with the prior
art. It is a particular object of the present invention to
provide a operation of a compressor of a heat pump of
a clothes drying apparatus providing variable cooling ca-
pacities on a more cost-effective basis.
[0005] The object is achieved according to the features
of the independent claim. Advantageous embodiments
can be found, e.g., in the dependent claims, in the sub-
sequent description and in the figures of the attached
drawing.
[0006] Accordingly, the object is achieved by a clothes
drying apparatus, comprising a heat pump having a ro-
tary compressor for compressing a working fluid flowing
through the heat pump, wherein the compressor is a mul-
ti-chamber rotary compressor having at least two inde-

pendently operable compression chambers. Such a
clothes drying apparatus allows the selective use of these
compression chambers to adjust the cooling capacity in
a particularly cost-effective, robust and easy-to-imple-
ment manner.
[0007] For example, the clothes drying apparatus may
be a clothes dryer or a combined clothes washing/drying
apparatus ("washer-dryer"). The clothes drying appara-
tus may be a household appliance or domestic appliance.
[0008] The heat pump may comprise a working fluid
circuit which comprises - in that flow direction of the work-
ing fluid - the compressor, a condenser, an expansion
valve, and an evaporator. The compressor compresses
or pressurizes the working fluid and circulates it through
the heat pump. These components may be connected
by respective pipes, tubes etc. The condenser and/or the
evaporator may be heat exchangers to exchange heat
between the working fluid and process air used for drying
the clothes.
[0009] The working fluid - also called a refrigerant -
may e.g. be R134a or R290.
[0010] That at least two compression chambers are
independently operable may include that the compres-
sion chambers can independently compress the working
fluid. In one variant, the at least two compression cham-
bers are operable in an "active" mode in which working
fluid guided through a compression chamber is com-
pressed by / in this chamber. At least one of the com-
pression chambers is operable in an "inactive" mode in
which working fluid guided through this compression
chamber is not compressed by / in this chamber.
[0011] It is an embodiment that the compressor is an
AC rotary compressor. The AC rotary compressor has
the advantage that it is significantly more inexpensive
than a rotary compressor having a BLDC motor and an
inverter. In particular, the AC rotary compressor may be
operated at a constant rotation speed of the AC motor.
This also gives the advantage of a particularly robust and
long-lasting design. Different cooling capacities may
solely be provided by activating/using the compression
chambers in certain combinations to compress the work-
ing fluid.
[0012] It is another embodiment that the compressor
is operable in at least two modes with a full mode (also
be called a "speed mode" or such) using all compression
chambers to compress the working fluid and at least one
reduced mode (also be called an "eco" mode or such) in
which at least one compression chamber is inactive re-
garding the compression of the working fluid. While the
full mode achieves full cooling capacity, the reduced
mode(s) achieve(s) a reduced or smaller cooling capac-
ity. If, for example, the compressor comprises three com-
pression chambers, the full mode may be achieved by
using all three compression chambers. There could be
up to six reduced modes, using only one of each three
compression chambers (i.e. three single-chamber
modes) or using combinations of two of the three com-
pression chambers (i.e. three two-chamber modes).
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[0013] It is an embodiment that the working fluid flows
through the at least one inactive compression chamber.
When the working fluid flows through an inactive com-
pression chamber, it is not compressed or pressurized
but the inactive compression chamber is used as conduit.
This embodiment gives the advantage that a connection
arrangement for the working fluid may be particularly sim-
ple.
[0014] It is an embodiment thereof that active compres-
sion chambers are fluidically connected in parallel and
that inactive compression chambers are fluidically con-
nected to an active compression chamber in series.
Therefore, for operating in the full mode, all compression
chambers are fluidically connected in parallel.
[0015] It is another embodiment that the working fluid
circumvents the at least one inactive compression cham-
ber. This embodiment gives the advantage that the com-
pressor as such does not or not significantly need to be
adapted to the different operating modes.
[0016] The different modes may be implemented by
selectively operating at least one multi-way valve (e.g.
at least one 3-way valve and/or at least one 4-way valve)
integrated in the working fluid circuit.
[0017] It is yet another embodiment that each com-
pression chamber is connected to a respective fluid inlet
and fluid outlet. This achieves the advantage that each
compressions chamber can be operated independently
of the other compression chamber(s).
[0018] It is another embodiment that the compressor
is a two-chamber rotary compressor, i.e. having exactly
two compression chambers, in particular exactly two in-
dependently operable compression chambers.
[0019] It is yet another embodiment that the clothes
drying apparatus comprises a 4/2-way distributor valve,
wherein an inlet of a first compression chamber is con-
nected to an outlet of an evaporator of the heat pump,
an outlet of the first compression chamber is connected
to a first port of the valve, an inlet of the second com-
pression chamber is connected to a second port of the
valve, an outlet of the second compression chamber is
connected to an inlet of a condenser of the heat pump,
a third port of the valve is connected to the outlet of the
evaporator, a fourth port of the valve is connected to the
inlet of the condenser, in the full mode, the first port is
connected to the fourth port and the third port is connect-
ed to the second port, and in the reduced mode, the first
port is connected to the second port and the third port is
disconnected from the fourth port. This embodiment
gives the advantage that several cooling capacities can
be achieved by a particularly cost-efficient and easy-to-
implement design.
[0020] Instead of a 4/2-way distributor valve, any other
arrangement of valves that achieves the same function-
ality can be used, e.g. two 3/2-way distributor valves.
[0021] It is also an embodiment that at least two com-
pression chambers have a different cooling capacity.
This allows for a particularly wide range of selectable
cooling capacities. For example, in one variant, one of

the compression chambers has a cooling capacity of 40
% while the other compression chamber has a cooling
capacity of 60 %. Thus, the rotary compressor can be
operated at 40 %, 60 %, or (40 % + 60 %) = 100 % of
the cooling capacity, if so arranged.
[0022] The above described features and advantages
of the invention as well as their kind of implementation
will now be schematically described in more detail by at
least one embodiment in the context with the drawings.

Fig.1 shows components of a clothes drying appara-
tus having a heat pump with a two-chamber
compressor with the compressor being opera-
ble in a first mode full;

Fig.2 shows a cross-sectional side view of one pos-
sible two-chamber compressor and

Fig.3 shows the clothes drying apparatus of Fig.1 with
the compressor being operable in a in a second
mode reduced;

[0023] Fig.1 shows a clothes drying apparatus in form
of a household clothes dryer 1 being operated in a full
mode or speed mode. The clothes dryer 1 comprises a
heat pump 2 having a rotary compressor 3 for compress-
ing a working fluid F, e.g. R134a or R290, flowing through
the heat pump 2. The compressor 3 is a two-chamber
rotary compressor having two independently operable
compression chambers, namely a first compression
chamber 4 and a second compression chamber 5. As
also shown in Fig.2, the first compression chamber 4 is
connected to or has a fluid inlet 6 and a fluid outlet 7. The
second compression chamber 5 is connected to or has
a fluid inlet 8 and a fluid outlet 9. The fluid inlets 6, 8 and
the fluid outlets 7, 9 are accessible from the outside.
[0024] The fluid outlet 9 of the second chamber 5 is
connected to a fluid inlet of a condenser 10 of the heat
pump 2. The condenser 10 is a fluid/air heat exchanger
to exchange heat between the working fluid F and proc-
ess air P.
[0025] A fluid outlet of the condenser 10 is connected
to a fluid inlet of an expansion valve 11 of the heat pump
2. A fluid outlet of the expansion valve 11 is connected
to a fluid inlet of an evaporator 12 of the heat pump 2.
The evaporator 12 is also a fluid/air heat exchanger to
exchange heat between the working fluid F and the proc-
ess air P. A fluid outlet of the evaporator 12 is connected
to the fluid inlet 6 of the first chamber 4 of the compressor
3.
[0026] Regarding the process air P, warm and moist
process air P coming from a clothes drum (not shown,
e.g. a horizontally rotatable drum) is channeled through
the evaporator 12. In the evaporator 12, the working fluid
F takes up heat from the process air P such that the
process air P cools down and condensate rains out from
it. Then, the cooler and dryer process air P is channeled
through condenser 10. In the condenser 10, the working
fluid F of the condenser 10 transfers heat to the process
air P. After the condenser 10 the then warmer process

3 4 



EP 3 333 305 A1

4

5

10

15

20

25

30

35

40

45

50

55

air P is introduced into the clothes drum.
[0027] The heat pump 2 also comprises a 4/2 distrib-
utor valve 13 having four ports P1, P2, P3 and P4. The
outlet 7 of the first compression chamber 4 is connected
to a first port P1 of the valve 13. The inlet 8 of the second
compression chamber 5 is connected to a second port
P2 of the valve13. A third port P3 of the valve 13 is con-
nected to the outlet of the evaporator 12. A fourth port
P4 of the valve 13 is connected to the inlet of the con-
denser 10.
[0028] The valve 13 has two positions which can be
set by a control module 14. The control module 14 can
also be used to control other functions of the clothes dryer
1. Each of the two positions of the valve 13 corresponds
to a respective cooling mode.
[0029] Therefore, the heat pump 2 comprises a work-
ing fluid circuit in which the working fluid F is circulated
in the described direction. Its functional components
compressor 3, condenser 10, expansion valve 11, evap-
orator 12, and valve 13 may be connected by pipes tubes
etc. The process air P may circulates in a closed-loop
process air circuit that comprises the clothes drum, the
evaporator 12, the condenser 10, a fan or blower (not
shown) for circulating the process air, eventually an ad-
ditional heater etc.
[0030] In the shown full mode, the first port P1 is con-
nected to the fourth port P4 and the third port P3 is con-
nected to the second port P2. Therefore, in the full mode,
the working fluid F coming from the evaporator 12 is lead
to the inlet 6 of the first chamber 4 as well as to the inlet
8 of the second chamber 5. Both compression chambers
4, 5 are active such the working fluid F is compressed in
both chambers 4 and 5. The part of the working fluid F
being compressed in the first chamber 4 is released from
the first chamber 4 though its outlet 7 and through the
valve 13 to the inlet of the condenser 10. The part of the
working fluid F being compressed in the second chamber
5 is released from the second compression chamber 5
though its outlet 9 to the inlet of the condenser 10. There-
fore, the two compression chambers 4 and 5 are both
active and fluidically connected in parallel. If, for example,
the cooling capacity achieved by the first chamber 4 is
40 % and the cooling capacity achieved by the second
chamber 4 is 60 % then their combined, parallel active
operation achieves 100 % or full cooling capacity.
[0031] Fig.3 shows the household clothes dryer 1 in a
reduced mode or eco mode in which the first port P1 of
the valve 13 is connected to the second port P2 and the
third port P3 is disconnected or blocked, as is the fourth
port P4. The first chamber 4 is inactive. Thus, the working
fluid F coming from the evaporator 12 is lead to the inlet
6 of the first chamber 4, through the first compression
chamber 4 without compression, to the outlet 7, to the
first port P1, to the second port P2, to the inlet port 8 of
the second compression chamber, through the second
compression chamber 5 where it is compressed, then
through the outlet 9, and to the inlet of the condenser 10.
A direct connection between the outlet of the evaporator

12 and the inlet of the condenser 10 is blocked by the
disconnection between the ports P3 and P4.
[0032] Therefore, the two compression chambers 4
and 5 are fluidically connected in series. Since the first
chamber 4 is inactive, the cooling capacity achieved in
the reduced mode corresponds to the cooling capacity
of the second compression chamber 5, i.e. 40 %.
[0033] In effect, different cooling capacities can be
achieved by simply switching the valve 13 between its
two positions. For this, the compressor 3 may be oper-
ated at a constant rotation speed. Therefore, a cost-ef-
fective and robust AC rotary compressor may be used
as the compressor 3.
[0034] For example, depending on the concrete layout
of the compression chambers 4 and 5, the compressor
displacement may e.g. be 4 cc, 5 cc, 5,5 cc, or 6 cc, etc.
for the eco mode and e.g. 8 cc, 10 cc, 11 cc, or 12 cc
etc. for the full mode. If e.g. assuming a compressor dis-
placement in the eco mode of 4 cc and of 12 cc in the
full mode, a drying time per kg of to-be-dried clothes may
be approx. cut in half when operating in the full mode in
comparison to using the eco mode. Alternatively, by op-
erating in the eco mode, a reduction in the energy con-
sumption of approx. 30 % may be achieved in comparison
to using the full mode.
[0035] Of course, the invention is not restricted to the
described embodiments.
[0036] For example, instead of the 4/2-way distributor
valve 13, any other arrangement of valves that achieves
the same functionality can be used, e.g. a combination
of two 3/2-way distributor valves. Also, these valves could
be used to control an inactivation of the compression
chamber 4, e.g. by using different control procedures.

LIST OF REFERENCE NUMERALS

[0037]

1 household clothes dryer
2 heat pump
3 compressor
4 first compression chamber
5 second compression chamber
6 fluid inlet of the first compression chamber
7 fluid outlet of the first compression chamber
8 fluid inlet of the second compression chamber
9 fluid outlet of the second compression chamber
10 condenser
11 expansion valve
12 evaporator
13 distributor valve
14 control module
F working fluid
P process air
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Claims

1. A clothes drying apparatus (1), comprising a heat
pump (2) having a rotary compressor (3) for com-
pressing a working fluid (F) flowing through the heat
pump (2), wherein the compressor (3) is a multi-
chamber rotary compressor having at least two in-
dependently operable compression chambers (4, 5).

2. The clothes drying apparatus (1) according to claim
1, wherein the compressor (3) is operable in at least
two modes with

- a full mode using all compression chambers
(4, 5) to compress the working fluid (F) and
- at least one reduced mode in which at least
one compression chamber (4) is inactive regard-
ing compression of the working fluid (F).

3. The clothes drying apparatus (1) according to claim
2, wherein the working fluid (F) flows through the at
least one inactive compression chamber (4).

4. The clothes drying apparatus (1) according to claim
2, wherein the working fluid (F) circumvents the at
least one inactive compression chamber (4).

5. The clothes drying apparatus (1) according any of
the preceding claims, wherein each compression
chamber (4, 5) is connected to a respective fluid inlet
(6, 8) and fluid outlet (7, 9).

6. The clothes drying apparatus (1) according to any
of the preceding claims 3 to 5, wherein,

- for operating in the full mode, all compression
chambers (4, 5) are fluidically connected in par-
allel and,
- for operating in at least one reduced mode, at
least one inactive compression (4) chamber is
fluidically connected to an active compression
chamber (5) in series.

7. The clothes drying apparatus (1) according any of
the preceding claims, wherein the compressor (3) is
a two-chamber rotary compressor.

8. The clothes drying apparatus (1) according to claim
7, wherein

- the clothes drying apparatus (1) further com-
prises a 4/2-way distributor valve (13),
- an inlet (6) of a first compression chamber (4)
is connected to an outlet of an evaporator (12)
of the heat pump (2),
- an outlet (7) of the first compression chamber
(4) is connected to a first port (P1) of the valve
(13),

- an inlet (8) of the second compression chamber
(5) is connected to a second port (P2) of the
valve (13),
- an outlet (9) of the second compression cham-
ber (5) is connected to an inlet of a condenser
(10) of the heat pump (2),
- a third port (P3) of the valve (13) is connected
to the outlet of the evaporator (12),
- a fourth port (P4) of the valve (13) is connected
to the inlet of the condenser (10),
- in the full mode, the first port (P1) is connected
to the fourth port (P4) and the third port (P3) is
connected from the second port (P2), and
- in the reduced mode, the first port (P1) is con-
nected to the second port (P2) and the third port
(P3) is disconnected from the fourth port (P4).

9. The clothes drying apparatus (1) according any of
the preceding claims, wherein at least two compres-
sion chambers (4, 5) have different cooling capaci-
ties.

10. The clothes drying apparatus (1) according any of
the preceding claims, wherein the compressor (3) is
an AC rotary compressor.

11. The clothes drying apparatus (1) according to claim
10, wherein the compressor (3) is operated at a con-
stant rotation speed.
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