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(54) TUMBLE DRYER

(57) Disclosed herein is a tumble dryer (100) com-
prising a rotatable drum (110) arranged in a housing
(120), a first fan (130) arranged to generate a flow of
process air (135) passing through the drum (110), a
second fan (140) arranged to generate a flow of ambient
air (145) passing from an air inlet (150) towards an air
outlet (160) of the housing (120), a heat pump (200) for
drying the process air (135) before entering the drum
(110), the heat pump (200) comprising a condenser (210)

210

divided into a first (211) and a second (212) section,
wherein the first section (211) is configured to exchange
energy with the process air flow (135) being led through
thefirst section (211) by thefirstfan (130), and the second
section (212) is configured to exchange energy with the
ambient air flow (145) being led through the second
section (212) by the second fan (140), and wherein the
process air flow (135) isindependent from the ambient air
flow (145).
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Description
Technical Field

[0001] The present invention relates to the technical
field of tumble dryers, and in particular to a condenser for
a heat pump tumble dryer.

Background

[0002] Tumbledryersare animportant keystone within
the laundry industry, both in professional environments
such as hotels, hospitals or laundromats, as well as in
private environments such as people’s homes. There are
a range of different types of tumble dryers, and some of
the more common are the condenser dryer and the heat
pump dryer. The first one uses a passive heat exchanger
to cool the process air, i.e. the air circulating into and out
from the drying drum to dry the wet laundry, and con-
dense the water vapor into a drain pipe or collection tank,
often using ambient air as the coolant. The latter, the heat
pump dryer, utilizes a heat pump in a closed loop system
to dehumidify the process air. The heat pump typically
includes, amongst others, a condenser and an evapora-
tor, where the evaporator of the heat pump condenses
the water vapor, and the condenser reheats the air for re-
use into the drying drum, i.e. the process air flows in a
closed loop. These types of dryers are more energy
efficient than the condenser dryers, and conserves a
majority of the heat within the tumble dryer instead of
exhausting it to the surrounding environment.

[0003] However, a problem with conventional heat
pump dryers is that the heating capacity of the condenser
is larger than the cooling capacity of the evaporator, why
the difference in capacity has to be rejected outside of the
system to reach equilibrium in the closed loop. This could
for example be solved by designing the system to have a
"fixed" thermal loss along the air flow in the closed loop.
Another solution is to introduce an additional heat ex-
changer to reject heat from part of the system. Both of
these solutions relies on a "design point" to work properly,
the design point being a set of parameters with known
values, for example laundry load, ambient temperature,
air pressure, etc.

[0004] Thus, a drawback with both of the above solu-
tions is that the performance of the dryer decreases
outside of this design point, for example using different
laundry loads. This may further cause humid air to leak to
the surrounding environment, which is undesirable. Even
further, installing an external component such as an
additional heat exchanger might be costly and require
more space.

Summary
[0005] In the light of the above, it is desired to provide

alternate solutions in order to overcome the problem of
the capacity difference between the condenser and eva-
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porator in a heat pump tumble dryer. These and other
objects are achieved by providing an improved conden-
ser for a tumble dryer having the features in the indepen-
dent claims. Preferred embodiments are defined in the
dependent claims.

[0006] Hence, according to a first aspect of the present
invention, there is provided a tumble dryer comprising a
rotatable drum arranged in a housing, afirstfan arranged
to generate a flow of process air passing through the
drum, and a second fan arranged to generate a flow of
ambient air passing from an air inlet towards an air outlet
ofthe housing. The tumble dryer further comprises a heat
pump for drying the process air before entering the drum,
the heat pump comprising a condenser divided into a first
and a second section. The first section is configured to
condense the process air flow being led through the first
section by the first fan, and the second section is config-
ured to condense the ambient air flow being led through
the second section by the second fan. Further, the pro-
cess air flow is independent from the external air flow.
[0007] By providing a tumble dryer having the features
above, itis possible to control the heating capacity of the
condenser in a more efficient way, meaning that the
capacity difference between the condenser and the eva-
porator can be balanced. The possibility to control the
heating capacity of the condenser leads to an increased
flexibility of the tumble dryer, meaning that the same
drying performance may be achieved regardless the
value of varying parameters such as load weight, drying
temperature, ambienttemperature, pressureinthe drum,
etc. By controlling the capacity of the condenser it is also
possible to optimize its performance, to avoid wasting
energy. Thus, the drying performance of the tumble dryer
is improved, the flexibility increased, and energy savings
are made in the heat pump system.

[0008] As mentioned above, the tumble dryer com-
prises a heat pump for drying the process air before it
enters the drum. According to an example, the heat pump
further comprises a compressor, an evaporator, and at
least one expansion device. The process air flowing
through the heat pump may be heated by the first section
of the condenser such that dried, heated process air may
enter the drum and dry the laundry placed therein. The
process air may then leave the drum as hot, humid air,
and flow back to the heat pump where it is cooled and
dehumidified by the evaporator. The cold and dry process
air may then flow pass the compressor where it is pre-
heated, before passing through the first section of the
condenser again where it is heated and dried, and then
flow back into the drum again. The expansion device may
be positioned between the condenser and the evaporator
in order to control the flow of refrigerant in the system. The
process air flow may therefore be a closed loop air flow.
The process air flow is circulated in the loop by the first
fan. The first fan may be an electrical fan or a mechanical
fan, forexample. Further, the first fan may be an axial fan,
a propeller fan, or a radial fan. It will be appreciated that
other types of fans are also possible. The first fan may be
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placed in the process air flow, for example after the drum
and before the heat pump in the flow direction. Thus, the
first section of the condenser together with the further
components of the heat pump and the drum may operate
as a conventional heat pump tumble dryer.

[0009] The first and second sections of the condenser
together form one and the same unit. Thus, the conden-
ser may be formed as one piece component, which is
advantageous since it facilitates manufacturing. For ex-
ample, standard manufacturing processes for conden-
sers may be maintained.

[0010] The second section of the condenser may be
controlled by controlling the second fan. In particular, the
condenser may be controlled by controlling the speed of
the second fan. The second fan may for example be
driven by a motor, in order to adjust a speed thereof.
The motor may be a step motor, a gear motor, or any other
means suitable for adjusting the speed of a fan. The
second fan may thus be an electrical fan. Further, the
second fan may be an axial fan, a propeller fan, or a radial
fan, for example. It will be appreciated that other types of
fans are also possible.

[0011] The second fanis placed in the ambient air flow,
which may draw in an air flow from the environment
surrounding the tumble dryer, and flow through a duct
in the tumble dryer, whereafter it is released to the sur-
rounding environment again. The duct leading the am-
bient air flow may be separated from the closed loop
where the process air flow is led. Thus, the ambient air
flow and the process air flow are independent from each
other. Furthermore, the ambient air flow may be an open
loop air flow with a separated air inlet and air outlet. For
example, the duct may have an air inlet at one end
thereof, and an air outlet at the other end. Ambient air
may then be continuously drawn into the duct through the
air inlet, flow through the duct, and be released at the air
outlet. The second fan and the second section of the
condenser may be arranged in the duct, between the air
inlet and the air outlet.

[0012] By controlling the speed of the second fan, the
cooling effect of the fan may be controlled, where a higher
speed means a greater cooling effect, since a greater
volume of air may be moved per time unit compared to a
fan running on a lower speed, resulting in a lower cooling
effect. The second fan may create the ambient air flow by
drawing in air through the air inlet, and transferring the air
through the duct towards the air outlet. Thereby the
second fan may lead the ambient air flow through the
second section of the condenser, which condenses the
ambient air flow. Thus, an energy exchange takes place
between the ambient air flow and the second section of
the condenser, where the second section of the conden-
seris cooled by the ambient air flow, which takes up some
of the heating energy of the condenser, thereby cooling it.
As aresult, the ambient air has anincreased temperature
when leaving the second section of the condenser.
[0013] In this way, the capacity of the condenser may
be advantageously controlled, leading to a balanced
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capacity between the condenser and evaporator.
Further, controlling the capacity of the condenser by
having the two sections enables for separately managing
the heat transfer regions in the first section of the con-
denser, namely the gas desuperheating region and the
gas condensation process. By controlling the capacity of
the condenser by controlling the second section of the
condenser, it is possible to make use of the higher tem-
peratures in the gas desuperheating region in the con-
denser, to increase the capability of the air to absorb an
increased amount of moisture from the textiles in a more
flexible and efficient way. Thereby the drying perfor-
mance of the tumble dryer can be improved.

[0014] According to one exemplifying embodiment of
the present disclosure, the first section of the condenser
is configured to receive a flow of refrigerant, and the
second section is configured to receive the flow of re-
frigerant from the first section of the condenser. The flow
of refrigerant may be provided by controlling the expan-
sion device, which may be connected to the first section
of the condenser. The first section of the condenser may
thus receive the flow of refrigerant, which then flows
through the first section of the condenser, and thereafter
flows into the second section of the condenser. In this
example, the heating capacity of the condenser may be
controlled by controlling the speed of the second fan, as
mentioned above. This configuration may be beneficial in
dynamic processes, i.e. when the thermal loads vary with
time, since the speed of the fan may be controlled
throughout the drying process, to either speed up or slow
down.

[0015] According to another exemplifying embodiment
of the present disclosure, the first section of the conden-
ser is configured to receive a first flow of refrigerant, and
the second section is configured to receive a second flow
of refrigerant, wherein the first flow and the second flow
are different from each other. In this configuration, there
are at least two expansion devices. Thus, the first flow of
refrigerant may be provided to the first section of the
condenser by controlling the first expansion device which
may be connected to the first section of the condenser,
and the second flow of refrigerant may be provided to the
second section of the condenser by controlling the sec-
ond expansion device which may be connected to the
second section of the condenser. In one example, the first
section of the condenser may receive a smaller flow of
refrigerant compared to the flow of refrigerant received by
the second section of the condenser, which may then
have a larger flow. In this way, the cooling and heating
capacities may be balanced in the condenser. The sec-
ond fan may in this example have a constant speed
throughout the process. By controlling the condenser
through the difference in refrigerant flows, a higher po-
tential to remove larger thermal loads may be achieved.
This may for example be beneficial when the tumble dryer
has reached a desired working temperature, and there is
only a need to improve the dewatering capacity of the
evaporator.
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[0016] According to an exemplifying embodiment of
the present disclosure, the tumble dryer further com-
prises a control unit. The control unit may be connected
to the first fan and the second fan. Thus, according to an
exemplifying embodiment of the present disclosure, the
control unitis configured to control a speed of the second
fan. The control unit may further include sensing devices,
to be able to read and detect various information from the
system. Forexample, there may be atemperature sensor
detecting the temperature in the drum, sending the same
information to the control unit. In another example, the
control unit may be connected to the expansion device or
expansion devices, receiving information about a flow of
refrigerant. The control unit may automatically control the
different parameters of the system, e.g. the speed of the
second fan, depending on the information it receives. For
example, a higher temperature in the drying drum may
automatically lead to the speed of the second fan being
increased. Even further, according to an exemplifying
embodiment of the present disclosure, the control unit
is configured to control a speed of the compressor. The
compressor controls the pressure and temperature of the
refrigerant. By controlling a speed of the compressor, the
pressure and temperature of the refrigerant may be
varied. Comparing with a compressor running on con-
stant speed, where the temperature and pressure of the
refrigerant remains constant, the output of the compres-
sor with variable speed may be advantageously con-
trolled. In a tumble dryer with a compressor running on
constant speed, the output from the compressor will be
the same regardless of the values of other parameters in
the tumble dryer, such as laundry load, ambient tempera-
ture, air pressure, etc. Thus, energy might be wasted, or
the refrigerant not compressed enough to yield satisfying
drying results. This risk is advantageously mitigated with
a compressor with variable speed. The control unit may
thus be configured to, based on the other parameters in
the tumble dryer, for example laundry load, adapt the
speed of the compressor to match the desired output.
This is further advantageous since it allows for the pro-
cess to be controlled in away enabling the drying process
to be optimized at different parameters. For example, by
controlling the speed of the compressor, the efficiency of
the compressor and the heat pump as a whole may be
improved, and power costs may be reduced. Further, the
capacity of the compressor may be aligned with the
capacity of the remainder of the system, for example
the condenser, to reach a capacity balance between
the different components in the system.

[0017] According to an exemplifying embodiment of
the present disclosure, the second fan is arranged be-
tween the air inlet and the second section of the con-
denser in the ambient air flow. The air inlet may for
example be arranged on a lower side of the tumble dryer.
The air outlet may in this example be arranged on an
upper side of the tumble dryer. The ambient air may
therefore flow from a lower side up and towards the upper
side of the tumble dryer. In the present example, the
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second fan is placed between the air inlet and the second
section of the condenser, i.e. before the condenser in the
ambient air flow direction. This is advantageous since the
second section of the condenser may be placed close to
the air outlet of the second fan, meaning that the flow of air
coming from the second fan may maintain the speed it
had when leaving the fan when entering the condenser.
This is beneficial since it facilitates the control of the
second section of the condenser, since no consideration
needs to be taken to speed loss, in comparison to if the air
from the fan had to travel a longer distance before en-
tering the condenser.

[0018] Accordingto another exemplifying embodiment
of the present disclosure, the second fan is arranged
between the second section of the condenser and the air
outletin the ambient air flow. The second fan may then be
placed after the second section of the condenser in the
ambient air flow direction. The second fan be directed to
blow air in the direction towards the air outlet of the
ambient air flow in the tumble dryer. Thus, the air exiting
the condenser may be drawn out by the second fan, by a
suction force thereof. In this way, the speed of the second
fan may control the speed at which air is drawn out from
the second section of the condenser. This is advanta-
geous since it is possible to place the second fan in
different positions, increasing the flexibility of the tumble
dryer. For example, if space is an issue, the fan may be
moved to a different position to save space, while main-
taining the performance of the tumble dryer.

[0019] According to an exemplifying embodiment of
the present disclosure, the tumble dryer further com-
prises an air damper in the ambient air flow. The air
damper may be used to further control the flow of ambient
air through the tumble dryer assembly. The air damper
may for example be a flap, a set of blades, or similar,
installed in the ambient air flow duct. The air damper
prevents a possible undesired heat transfer via natural
convection when more energy is needed in the first
section of the condenser. This is advantageous since it
adds a further possibility to control the ambient air flow
through the condenser, which enables a further control of
the second section of the condenser, leading to an im-
proved performance of the tumble dryer. According to an
exemplifying embodiment of the present disclosure, the
airdamper is arranged between the second section of the
condenser and the air outlet in the ambient air flow. Thus,
the air damper may be placed upstream the second
section of the condenser in the ambient air flow direction.
Thus, the air damper may thus be closed to cut off the air
flow towards the air outlet of the ambient air flow, and
thereby control the ambient air flow, preventing heat
exchange by natural convection with the surrounding
air outside of the tumble dryer.

[0020] According to an exemplifying embodiment of
the present disclosure, the condenser is a microchannel
condenser or a fin-and-tube condenser. Further, accord-
ing to an exemplifying embodiment of the present dis-
closure, the evaporator is a microchannel evaporatorora
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fin-and-tube evaporator. Microchannel condensers allow
for the weight of the condenser to be advantageously
decreased without decreasing the performance of the
condenser. Further, a smaller amount of refrigerant is
needed to achieve the same heating capacity. Micro-
channel evaporators allow for the weight of the evapora-
tor to be advantageously decreased without decreasing
the performance of the evaporator. Further, a smaller
amount of refrigerant is needed to achieve the same
cooling capacity. Fin and tube condensers are advanta-
geous in applications where air is the preferred medium
for heating. Further, fin and tube condensers may be
manufactured in a range of designs and in different
materials, which make them versatile. Fin and tube eva-
porators are advantageous in applications where air is
the preferred medium for cooling. Further, fin and tube
evaporators may be manufactured in a range of designs
and in different materials, which make them versatile. It
will be appreciated that other types of condensers and/or
evaporators are possible.

[0021] According to an exemplifying embodiment of
the present disclosure, the evaporator is arranged with
an angle to a direction of the flow of process air, the angle
being in a range between 0 and 180 degrees. In a pre-
ferred embodiment, the angle is larger than 0 degrees but
smaller than 90 degrees. In another preferred embodi-
ment, the angle is larger than 90 degrees but smaller than
180 degrees. The direction of the flow of process air may
be a direction in which the fan arrangement directs the
flow of process air coming from the drum. For example,
the direction of the flow of process air may be substan-
tially horizontal, and the evaporator may then for example
have a 135 degree angle relative to the direction of the
flow of process air after the fan arrangement. In another
example, the angle of the evaporator may be less than
135 degrees, more specifically 95 to 130 degrees. The
evaporator may have a substantially rectangular shape,
with a height and a width and a thickness. The size of the
surface area of the evaporator may thus be defined by the
dimensions of the height and the width. Arranging the
evaporator with an angle means that for example the
height of the evaporator may be increased without the
need to increase the size of the housing of the tumble
dryer. This is advantageous in that a size of the surface of
the evaporator may be increased, meaning that an in-
creased amount of air may be cooled at the same time,
ultimately increasing the cooling capacity of the evapora-
tor. Further, the angled placement of the evaporator
further enables condensed water on the surface of the
evaporator, to be efficiently drained. The condensed
water may fall down from the surface by force of gravity,
and be drained in the bottom of the housing. Thus, the
angular arrangement of the evaporator is beneficial since
it decreases the risk of recirculating humid air into the
heat pump.
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Brief Description of the Drawings

[0022] Exemplifying embodiments will now be de-
scribed in more detail, with reference to the following
appended drawings:

Figure 1 shows a perspective view of a tumble dryer
according to an exemplifying embodiment of the
present disclosure.

Figure 2 schematically illustrates a cross-section ofa
tumble dryer according to an exemplifying embodi-
ment of the present disclosure.

Figure 3 schematically shows a perspective view of
the heat pump according to an exemplifying embodi-
ment of the present disclosure;

Figure 4 schematically shows a cross-section of the
heat pump according to an exemplifying embodi-
ment of the present disclosure;

Figure 5 schematically shows a perspective view of
the condenser according to an exemplifying embo-
diment of the present disclosure;

Figure 6 schematically shows a front and back view
of the condenser according to an exemplifying em-
bodiment of the present disclosure.

Figure 7 schematically shows a side view of an
evaporator arranged at an angle relative a direction
of the flow of process air, according to an exemplify-
ing embodiment of the present disclosure.

Detailed Description

[0023] As illustrated in the figures, the size of the ele-
ments and regions may be exaggerated for illustrative
purposes and, thus, are provided to illustrate the general
structures of the embodiments. Like reference numerals
refer to like elements throughout.

[0024] Exemplifying embodiments will now be de-
scribed more fully hereinafter with reference to the ac-
companying figures, in which currently preferred embo-
diments are shown. The invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided for thorough-
ness and completeness, and fully convey the scope of the
invention to the skilled person.

[0025] With reference to figure 1, a tumble dryer 100
according to an exemplifying embodiment of the present
disclosure is shown. The tumble dryer 100 has a housing
120 with afront side 101 which is provided with adoor 102
or hatch, attached to the front side 101 with hinges 103.
The door 102 in the housing 120 provides access to a
rotatable drum 110 behind the door 102 where wet laun-
dry may be loaded.

[0026] Figure 2illustrates a cross-section of the tumble
dryer 100. As mentioned, the tumble dryer 100 comprises
a rotatable drum 110 in which wet laundry is placed. The
tumble dryer 100 further comprises an airinlet 150 and an
airoutlet 160 arranged in the housing 120, in the rear part
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ofthe tumble dryer 100. The airinlet 150 and the air outlet
160 allows a flow of ambient air 145 to enter and exit the
housing 120. While the drum 110 rotates, a flow of pro-
cess air 135 is fed therethrough. The flow of process air
135 is provided by a first fan 130 or blower, which in the
illustrated embodiment is located in a space beneath the
drum 110. The tumble dryer 100 further comprises a heat
pump 200 with a condenser 210, a compressor 220, an
evaporator 230, and at least one expansion device 240
(cf. figure 5). A refrigerant is forced through the heat
pump 200 by the compressor 220, and gathers energy
in the evaporator 230 which is released in the condenser
210. The flow of process air 135 is achieved where hot,
humid air is extracted from the rotatable drum 110 by
means of the first fan 130. The flow of process air may
pass a filter 137 before reaching the first fan 130 and
arrives at the evaporator 230, which cools the flow of
process air 135 such that moisture therein condenses
into liquid water. This water may be collected in the
bottom section of the tumble dryer and may therefrom
be drained through a tube (not shown). The flow of
process air 135, which is now cooler and contains less
water, is passed to the condenser 210, which heats the air
again. Then the heated, dry air is reintroduced into the
drum 110 where it is again capable of absorbing water
from the laundry therein.

[0027] With reference to figure 3, a heat pump assem-
bly comprising the heat pump 200 according to an ex-
emplifying embodiment of the present disclosure is
shown. The heat pump 200 may be partially enclosed
by a shell 201, for protecting the components of the heat
pump 200. Further, the shell 201 may package the heat
pump 200, such that the heat pump 200 may be lifted out
from the tumble dryer 100 as one unit. This is beneficial if,
for example, a componentin the heat pump 200 needs to
be replaced, or if the entire heat pump 200 needs to be
replaced. In this way, the tumble dryer 100 may be
repaired in an efficient way, increasing its life span.
The heat pump assembly comprises a heat pump outlet
202 for allowing the flow of process air 135 from the heat
pump 200 into the drum 110. The heat pump assembly
further comprises a heat pump inlet 203 for receiving the
flow of process air 135 from the drum 110 to the heat
pump 200, via the first fan 130. The heat pump outlet 202
may be placed, as depicted in the present figure, in a top
side of the heat pump assembly, above the internal
components of the heat pump 200, such as the compres-
sor 220, the evaporator 230, the expansion device 240
and the condenser 210 (located behind the shell 201 and
thus not shown in figure 3). Further, the heat pump inlet
203 may be placed on a bottom side of the heat pump
assembly, below the condenser 210. The heat pump inlet
203 may be partially covered by the evaporator 230.
Further, the evaporator 230 is shown arranged in an
angle relative the direction of the flow of process air F.
The heat pump inlet 203 in which the evaporator 230 is
arranged is a rectangular opening through which the flow
of process air may enter in a direction F, seen from a front
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of the heat pump inlet 203 in the present figure. The
direction F of the flow of process air 135 may be hor-
izontal. The evaporator 230 may have a rectangular
shape corresponding to the shape of the heat pump inlet
203. A height of the heat pump inlet 203 may thus limit a
height of the evaporator 230 if the evaporator is intended
to be arranged in the same plane as the heat pump inlet
203, for example a vertical plane, shown in figure 3. A
height of the evaporator may thus be increased when the
evaporator 230 is arranged with an angle, not limited by
the height of the heat pump inlet 203. By arranging the
evaporator 230 with an angle relative the direction F of
the flow of process air 135 and the plane formed by the
heat pump inlet 203, an increased amount of air coming
from the drum may be cooled and dehumidified, increas-
ing the cooling capacity of the evaporator. The angled
arrangement of the evaporator 230 further enables con-
densed water (not shown) on the surface of the evapora-
tor, to be efficiently drained. The condensed water may
fall down from the surface by force of gravity, and be
drained in the bottom of the housing 120. Thus, the
angular arrangement of the evaporator 230 is beneficial
since it decreases the risk of recirculating humidified air
into the heat pump 200.

[0028] Furthermore, the shell 201 may provide a duct
for the flow of process air 135, since it partially encloses
the heat pump 200. Thus, the flow of process air 135
procduced by the first fan 130 may be lead by the shell
201, through the condenser 210 and towards the heat
pump outlet 202.

[0029] Figure 3 further shows the airinlet 150, allowing
an ambient air flow 145 to flow into the heat pump
assembly. Further, the air outlet 160 is arranged on a
rear side of the heat pump assembly as depicted in the
figure. The air outlet 160 may thus be on an opposite side
of the heat pump assembly as the heat pump outlet 202.
The air outlet 160 allows an ambient air flow 145 to exit
the heat pump assembly and the tumble dryer 100 and
flow out to the surrounding environment. The surround-
ing environment may be the room, or premises where the
tumble dryer 100 has been installed.

[0030] The tumble dryer 100 may further comprise a
control unit 300 arranged in the heat pump assembly
shown in figure 3. The control unit 300 may be configured
to control the first 130 and second 140 fans, by controlling
a speed of the first 130 and/or second fan 140. The
control unit 300 may further control the compressor
220. The compressor 220 may be controlled so as to
adapt a speed of a motor in the compressor 220. The
compressor 220 controls the pressure and temperature
of the refrigerant. By controlling a speed of the compres-
sor 220, the pressure and temperature of the refrigerant
may be varied. The control unit 300 may thus control
several parameters of the drying process, to deliver
satisfying drying results for different laundry loads, am-
bient temperatures, etc. This is advantageous since the
previously mentioned parameters may not always be
possible to control, such as the ambient air temperature,
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forexample. Further, a user may provide differentlaundry
loads each use, which is also something that may not be
controlled. Therefore, it is beneficial to have a control unit
300 configured to control at least one of the speed of the
first fan 130, the second fan 140 and the compressor
220.With reference to figure 4, the heat pump assembly
comprising the heat pump 200 according to an exempli-
fying embodiment of the present disclosure is shown, in a
cross-sectional view. The evaporator 230 is not shown in
this figure. As previously mentioned, the heat pump 200
comprises a compressor 220, an expansion device 240,
an evaporator 230 and a condensor 210. Further, the
second fan 140 is arranged in the ambient air flow 145.
The first fan (not shown in present figure) is arranged
below the rotatable drum (not shown in present figure)
and produces the flow of process air 135.

[0031] The condenser 210 comprises a first section
211, and a second section 212. The first 211 and second
212 sections are arranged in the flow of process air 135
and the ambientair flow 145, respectively. The heat pump
200is divided into two sections by a dividing wall 204. The
dividing wall 204 is arranged between the first 211 and
second 212 section of the condenser 210. As seen in the
figure, the dividing wall 204 further divides the ambient air
flow 145 from the flow of process air 135. The second fan
140, the second section of the condenser 212, the airinlet
150 and the air outlet 160 are arranged on one side of the
dividing wall 204. The first section of the condenser 211,
the first fan 130, the evaporator 230, the compressor 220
and the expansion device 240 are arranged on the other
side of the dividing wall 204. Thus, the flow of process air
135 and the ambient air flow 145 are independent from
each other, in the sense that they are physically sepa-
rated from each other, and in another sense that they are
produced by two independent fans, the first fan 130 and
the second fan 140.

[0032] Thus, during a drying process in the tumble
dryer 100, the flow of process air 135 passes through
the first section 211 of the condenser 210, where it is
heated by the refrigerant that has been pressurized by
the compressor 220 before entering the first section 211
ofthe condenser210. As aresult of the flow of process air
135 being heated, the refrigerant releases its heat and its
temperature decreases. The refrigerant is then fed
through the expansion device 240 where the pressure
is decreased along with the temperature. The refrigerant
is thereafter returned to the evaporator 230 with a lower
temperature, where it is used to cool and dehumidify the
warm, humid flow of process air 135 exiting the rotatable
drum 110. However, the heating capacity of the first
section 211 of the condenser 210 exceeds the cooling
capacity of the evaporator 230. Therefore, heat has to be
rejected outside of the closed-loop system produced by
the heat pump 200, the first fan 130 and the rotatable
drum 110in order to achieve balance. The amount of heat
needing to be rejected to achieve balance varies depend-
ing on parameters such as layndry load, ambient air
temperature, air pressure, etc.
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[0033] The second section 212 of the condenser 210
bridges this difference in capacity by being arranged in a
separate, ambient air flow 145. The ambient air flow 145
is produced by the second fan 140 which draws ambient
air into the heat pump assembly. In the exemplifying
embodiment depicted in figure 4, the second fan 140 is
placed below, and thus upstream, the second section 212
of the condenser 210 in the direction of the ambient air
flow 145. The ambient air has a lower temperature than
the temperature of the flow of process air 135. Thus, the
second section 212 of the condenser 210 may remove a
significant amount of energy from the condenser, by
decreasing the temperature of the refrigerant and in-
creasing the cooling capacity of the evaporator, since
the ambient air flow 145 does not return back to the
evaporator 230, but is instead released to the surround-
ing environment. Therefore, the difference in capacity
may be balanced through the second section 212 of the
condenser 210. Further, since the speed of the second
fan 140is controlled by the control unit 300, the amount of
heat that should be rejected outside of the system may be
advantageously controlled. The speed of the second fan
140 may be increased if the heat rejection should in-
crease, and decreased if the heat rejection should be
decreased. There are two possible working modes of the
condenser 210, 'series configuration’ and ’parallel con-
figuration’, which will now be explained in more detail.

‘Series configuration’

[0034] In this working mode, the flow of refrigerant
flowing to the condenser 210 from the compressor 220
is delivered to the first section 211, from where it flows into
the second section 212 and then back to the evaporator
230, viathe expansion device 240. Thus, the same flow of
refrigerant is delivered to the first section 211 and the
second section 212. In this working mode, the parameter
controlling the amount of rejected heat is thus the speed
of the second fan 140.

‘Parallel configuration’

[0035] In this working mode, the flow of refrigerant
flowing to the condenser 210 from the compressor 220
is divided into two flows, one flow entering the first section
211, and one flow entering the second section 212,
respectively. The flow of refrigerant may be divided by
splitting the pipe delivering the refrigerant from the com-
pressor 220 into two pipes, one connected to the first
section 211, and the other one connected to the second
section 212. However, the configuration further com-
prises two expansion devices, one expansion device
240 connected to the pipe leading from the first section
211 to the evaporator 230, and a second expansion
device (not shown) leading from the second section
212 to the evaporator 230. In this way, the flow of refrig-
erant delivered to the first 211 and second 212 section
may be different. The control unit 300 may control the two
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expansion devices to control the flow of refrigerant
through the first 211 and second 212 sections. In other
examples, the expansion devices may be mechanical or
fixed pressure drop devices, which may be self-regulated
without the need of a control unit. In this way, the size of
the heat rejection from the condenser 210 may be further
controlled by splitting the control of the heating capacity
between the first 211 and second 212 section. An in-
creased flow of refrigerant means an increased heating
capacity, because of the higher flow rate. Likewise, a
decreased flow of refrigerant means a decreased heating
capacity, since the flow rate is lower. For example, the
flow rate may therefore be increased in the second sec-
tion 212 if an increased heat rejection is desired, and vice
versa. In this configuration, the second fan 140 and the
flow of refrigerant may advantageously be controlled in
order to balance the capacities between the evaporator
230 and the condenser 210.

[0036] Returning now to figure 4, the heat pump as-
sembly further comprises an air damper 147 arranged in
the ambient air flow 145. The air damper 147 is a plate
arranged above, and thus downstream the second fan
140 and the second section 212 of the condenser 210 in
the direction of the ambient air flow 145. The plate 147
may be rotatably arranged in the duct delimited by the
dividing wall 204 and the enclosing shell 201 of the heat
pump assembly.

[0037] With reference to figure 5, a condenser 210
according to an exemplifying embodiment of the present
disclosure is shown. The condenser 210 may for exam-
ple be a finned multi-row condenser 210 or a microchan-
nel condenser 210, with multiple parallel rows. In this
example, the first section 211 comprises two separate
rows 211a, 211b and one shared row 210a, and the
second section 212 comprises one separate row 212a
and one shared row 210a. The shared row 210a is thus
common for the first 211 and second 212 section of the
condenser 210. The refrigerant flows through the rows
210a, 211a, 211b, 212a in the condenser 210 as the flow
of process air 135 and ambient air flow 145 flows through
cavities between the micro channels or finned tubes, and
thereby takes up heat from the refrigerant.

[0038] The condenser 210 further comprises a divider
215, dividing the first 211 and second 212 sections. In the
exemplifying embodiment shown in figure 5, the divider
215 comprises two plates, one arranged in one end of the
rows 211a, 211b between the first section 211 and the
second section 212. The other plate is arranged between
the first 211 and the second 212 section in one end of the
row 210a.

[0039] With reference to figure 6, a condenser 210
according to an exemplifying embodiment of the present
disclosure is shown. The condenser 210 depicted in the
figure is adapted to the 'series configuration’. The con-
denser 210 is shown from a side view. The first section
211 of the condenser 210 is connected to a pipe 211f. The
pipe 211f delivers refrigerant to the first section 211 of the
condenser 210. The refrigerant then flows from the top
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row 211a, down to and through the second row 211b,
down to and through the shared row 210a, down to and
then through the row 211a, from where it then leaves the
second section of the condenser 212 through the pipe
212fwhich leads to the expansion device 240 and further
into the evaporator 230.

[0040] With reference to figure 7, an evaporator 230
arranged at an angle a relative the direction F of the flow
of process air 135 according to an exemplifying embodi-
ment of the present disclosure is shown. The evaporator
230 is shown from a side view, and a flow of process air
135 with the direction F is entering the evaporator230ina
front of the evaporator 230. Further, a vertical plane V is
shown to illustrate the angular placement of the evapora-
torrelative the direction F of the flow of process air, and to
the vertical plane V. In the figure, angle o is shown, being
the angle between the direction F of the flow of process air
135, and the evaporator 230. As mentioned, the angle o
may range from 0 degrees to 180 degrees. Thus, when o
equals 0 degrees, the evaporator 230 is parallel with the
direction F of the flow of process air 135. When the angle
o equals 180 degrees, the evaporator 230 is also parallel
with the direction F of the flow of process air 135. Thus,
when the angle a equals 90 degrees, the evaporator 230
is perpendicular to the direction F of the flow of process air
135. In figure 7, the direction F is shown as a horizontal
direction. Thus, if the evaporator 230 is arranged with a
90 degree angle relative the direction F in this example,
the evaporator 230 would be parallel with the vertical
plane V. The vertical plane V may correspond to the plane
formed by the heat pump inlet 203 (not shown in the
presentfigure). As seeninfigure 7, condensed water 231
from the evaporator 231 drops down by the force of
gravity, and may be collected by a drainage collector
232 located in the bottom of the housing 120.

[0041] In the example where the evaporator 230 is
placed with a 90 degree angle in the heat pump inlet
203, thus parallel with the heat pump inlet 203, the
condensed water 231 cannot drop down from the eva-
porator 230, but rather has to run down the surface of the
evaporator 230 while new humidified air is passing there-
through.

[0042] Although features and elements are described
above in particular combinations, each feature or ele-
ment can be used alone without the other features and
elements or in various combinations with or without other
features and elements.

[0043] Additionally, variations to the disclosed embo-
diments can be understood and effected by the skilled
person in practicing the claimed invention, from a study of
the figures, the disclosure, and the appended claims. In
the claims, the word "comprising" does not exclude other
elements, and the indefinite article "a" or "an" does not
exclude a plurality. The mere fact that certain features are
recited in mutually different dependent claims does not
indicate that a combination of these features cannot be
used to advantage.
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Claims

1.

A tumble dryer (100), comprising

a rotatable drum (110) arranged in a housing
(120);

a first fan (130) arranged to generate a flow of
process air (135) passing through the drum
(110);

a second fan (140) arranged to generate a flow
of ambient air (145) passing from an air inlet
(150) towards an air outlet (160) of the housing
(120);

a heat pump (200) for drying the process air
(135) before entering the drum (110), the heat
pump (200) comprising a condenser (210) di-
vided into a first (211) and a second section
(212);

wherein the first section (211) is configured to
exchange energy with the process air flow (135)
being led through the first section (211) by the
first fan (130), and

the second section (212) is configured to ex-
change energy with the ambient air flow (145)
being led through the second section (212) by
the second fan (140); and wherein

the process air flow (135) is independent from
the ambient air flow (145).

Tumble dryer (100) according to claim 1, wherein the
first section (211) of the condenser (210) is config-
ured to receive a flow of refrigerant (211f), and the
second section (212)is configured to receive the flow
of refrigerant (212f) from the first section (211) of the
condenser (210).

Tumble dryer (100) according to claim 1, wherein the
first section (211) of the condenser (210) is config-
ured to receive a first flow of refrigerant (211f), and
the second section (212) is configured to receive a
second flow of refrigerant (212f), wherein

the first flow (211f) and the second flow (212f) are
different from each other.

Tumble dryer (100) according to any preceding
claim, wherein the heat pump (200) further com-
prises a compressor (220), an evaporator (230),
and at least one expansion device (240).

Tumble dryer (100) according to claims 3 and 4,
wherein the at least one expansion devices (240)
are two.

Tumble dryer (100) according to any preceding
claim, wherein the second fan (140) is arranged
between the air inlet (150) and the second section
(212) in the ambient air flow (145).
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7.

10.

1.

12.

13.

14.

15.

Tumble dryer (100) according to any of claims 110 5,
wherein the second fan (140) is arranged between
the second section (212) and the air outlet (160) in
the ambient air flow (145).

Tumble dryer (100) according to any preceding
claim, further comprising an air damper (147) in
the ambient air flow (145).

Tumble dryer (100) according to claim 8, wherein the
air damper (147) is arranged between the second
section (212) and the air outlet (160) in the ambient
air flow (145).

Tumble dryer (100) according to any preceding
claim, further comprising a control unit (300).

Tumble dryer (100) according to claim 10, wherein
the control unit (300) is configured to control a speed
of the second fan (140).

Tumble dryer (100) according to claims 4 and 10,
wherein the control unit (300) is configured to control
a speed of the compressor (220).

Tumble dryer (100) according to any one of the
preceding claims, wherein the condenser (210) is
amicrochannel condenser or a fin-and-tube conden-
ser.

Tumble dryer (100) according to any one of the
preceding claims, wherein the evaporator (230) is
a microchannel evaporator or a fin-and-tube eva-
porator.

Tumble dryer (100) according to any one of the
preceding claims, wherein the evaporator (230) is
arranged with an angle (o) to a direction of the flow of
process air (135), the angle (o) being in a range
between 0 and 180 degrees.
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