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DESCRIPTION

Field of the invention

[0001] The present disclosure relates to a tumble dryer comprising a housing, a rotatable
drum In the housing being accessible from a front side of the housing, a fan arrangement for
producing a flow of process air through the drum, and a heat pump for drying the process air
before entering the drum, wherein the heat pump comprises a condenser, a compressor, and
an evaporator.

Technical background

[0002] Such a tumble dryer is shown for instance in EP-3118365-A1, describing a tumble dryer
with a heat pump. One problem associated with such tumble dryers is how to accomplish
efficient maintenance procedures during use of the tumble dryer.

[0003] EP 1 411 163 A2 discloses a washing and drying machine including a water tub
elastically supported in a housing; a rotary drum being rotatably mounted in the water tub; a
heat pump having a compressor, a heat radiator, a throttle valve, a heat absorber, a pipework,
and an air guide duct for guiding air to the heat absorber and the heat radiator; an air
passageway provided to the water tub for allowing the air to flow into the rotary drum ; a blower
for forcing the air heated by the heat radiator to flow through the air passageway into the rotary
drum; and a flexible connection member. The flexible connection member connects the air
passageway to the air guide duct.

summary of the invention

[0004] One object of the present disclosure Is therefore to provide a tumble dryer on which
repairs and maintenance can be carried out in an efficient way. This object is achieved by
means of a tumble dryer as defined in claim 1. More specifically, in a tumble dryer of the
Initially mentioned kind, the condenser, the compressor, and the evaporator are arranged as
components In a heat pump unit, which is removable from the remainder of the tumble dryer
through an opening In the rear side of the housing without separating the components thereof
from each other. The heat pump unit may comprise a complete closed refrigerant loop and
further include an expansion valve.

[0005] With such a configuration, the entire heat pump arrangement can be easily replaced
and a heat pump In need of maintenance can be dealt with at a central workshop location
rather than attempting e.g. to fill the heat pump In the field. Further, the tumble dryer can
quickly return to full operation with a replaced heat pump unit.
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[0006] The condenser the compressor, the evaporator and the expansion valve may be
enclosed in a common Insulating shell which provides for improved energy efficiency. Such a
shell may be made e.g. from expanded polypropylene, EPP, and may comprise an air inlet and
an air outlet. The shell may further comprise a drain tube for leading water out from the shell.

[0007] The heat pump unit comprises a common frame, and the condenser, the compressor,
and the evaporator are attached to the common frame.

[0008] The condenser Is located above the compressor, and the evaporator is located in front

of the compressor as seen from the tumbler dryer front side. This gives efficient use of the
avallable space in the tumble dryer housing.

[0009] The condenser may be supported by a top frame of the common frame, supporting the
condenser at the edges of the condenser bottom surface, such that process air may pass
through said bottom surface at inner parts thereof.

[0010] The evaporator may extend into a space under the rotatable tumble dryer drum. The
heat pump unit may be provided with wheels, such that it can be rolled on a floor. This
simplifies moving the heat pump unit during repair procedures. The opening of the housing
may have an inner floor which is provided with slots into which the wheels may extend when

the heat pump unit is installed in the tumble dryer. This makes sure that the heat pump unit
rests in a stable manner on the inner floor when installed.

Brief description of the drawings

[0011]

Fig 1 shows a perspective view of a tumble dryer.

Fig 2 Illustrates schematically the flow of process air through a heat pump tumble dryer
according to the present disclosure.

Fig 3 shows a perspective view of a heat pump unit.

Fig 4 shows a perspective view of the heat pump unit, provided with a shell and seen from
below.

Fig 5-6 show the rear side of a tumble dryer before and after installing a heat pump unit.

Fig 7 shows a perspective view of a heat pump shell as seen from the front thereof.

Detailed description
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[0012] The present disclosure relates generally to a tumble dryer provided with heat pump In
order to achieve energy-efficient drying of laundry. An example of a tumble dryer 1 is illustrated
In fig 1. The tumble dryer 1 has a front side 3 which i1s provided with a door 5 or hatch,
attached to the front side 3 with hinges 7, which provides access to a tumble dryer drum
behind the door 5 where wet laundry can be loaded.

[0013] In a heat pump tumble dryer, process air drying the laundry can circulate within the
outer enclosure of the tumble dryer. Fig 2 illustrates, schematically and in a cross section,
components of such a tumble dryer as well as a process air path 21. As mentioned, the tumble
dryer comprises a drum 11 in which wet laundry Is placed. While the drum 11 rotates, a flow of
relatively dry process air is fed therethrough. The flow is provided by a fan 13 or blower, which
In the illustrated case is located in a space under the drum 11.

[0014] The tumble dryer includes a heat pump arrangement with an evaporator 15, a
compressor 17, a condenser 19, and an expansion valve 16 (cf. fig 3). Arefrigerant medium is
forced through the heat pump arrangement by the compressor 17, and gathers energy In the
evaporator 15 which is released in the condenser 19, as is well known per se.

[0015] As lllustrated In fig 2, an airflow 21 Is achieved, where hot, humid air is extracted from
the drum 11, which iIs perforated, by means of the fan 13. The air flow first passing a filter 12
and the fan 13 then passes the evaporator 15, which cools the air flow such that moisture
therein condenses into liquid water. This water is collected in the bottom section of the tumble
dryer and iIs drained therefrom through a tube 39 (cf. fig 4).

[0016] The air flow which Is now cooler and contains less water Is passed to the rear section of
the tumble dryer and subsequently passes the condenser 19, which heats the air again. Then,
the heated, dry air is reintroduced into the drum 11 where 1t i1s again capable of absorbing
water from the laundry therein.

[0017] The present disclosure relates to a tumble dryer where maintenance and service has
been made easier. This Is achieved as lillustrated in fig 3 by providing the condenser 19 the
compressor 1/, and the evaporator 15 as components in a heat pump unit 43. The heat pump
unit iIs removable from the remainder of the tumble dryer through an opening 31 (cf. figd) In the
rear side of the tumble dryer housing without separating these components.

[0018] As shown In fig 2 and In In the perspective view of fig 3, an example of such a
configuration can be obtained where the condenser 19 iIs located behind the drum 11 as seen
from the front side 3 of the tumble dryer, and above the compressor 17. As shown In the
perspective view of a heat pump unit in fig 3, the evaporator 15 can extend horizontally from
the compressor 17, and can as shown In fig 2 be located In front of the compressor 17 as seen
from the housing front side 3. The evaporator 15 may then partly reach into the space under
the rotatable drum 11, and may connect to the fan arrangement 13 to receive a flow of process
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air therefrom.

[0019] As shown In fig 3, there may be provided a framework 25, 27, 29 to which the
compressor 17, the evaporator 15 and the condenser 19 are attached, such that there iIs
formed a heat pump unit 43 which may be mounted as a whole unit in a tumble dryer. The
heat pump unit may thus comprise a complete closed refrigerant loop, and also include an
expansion valve 16.

[0020] The condenser 19 Is carried by a support arrangement 25, 27 of this framework. The
support arrangement may comprise a top frame 25 on which the condenser 19 rests and is
attached. This top frame 25 may be rectangular to carry the condenser 19 at the outer edges
of the condenser bottom surface, but may provide a large opening at the inner parts of this
bottom surface to allow process air to flow through the condenser to be heated. The top frame
25 may be carried by a plurality of legs 27, in the illustrated case four legs 27, each located at
a corner of the top frame 25. The compressor 17 may be located in between the legs 27, and
the legs may be attached to a bottom frame 29. The condenser 19 Is supported by the top
frame 25 at the edges of the condenser bottom surface, such that process air may pass
through this bottom surface 24 at inner parts thereof, as shown in fig 2.

[0021] An additional advantage with this configuration is that the compressor 17 is located In
the flow of process air 21, between the evaporator 15 and the condenser 19. This means that
heat dissipated from the compressor, which heat would otherwise become more or less
wasted, I1s used to pre-heat the flow of process air 21 before it reaches the condenser 19. At
the same time, the compressor 17 becomes cooled by the process air flow 21, which to a great
extent renders unnecessary other cooling arrangement, used to avoid overheating of the
compressor 17. This allows for a more energy efficient tumble dryer 1, that can be produced at
a lower cost.

[0022] The framework of fig 3 may be produced as sheet metal parts, using materials such as
aluminum or steel, for instance, although a plastic or composite framework could also be
considered. Other framework configurations are possible. In order to allow the heat pump to be
provided as a unit that can be Installed or removed as a whole, It is preferred to provide a
framework which takes up the load of the condenser 19 on either or both sides of the
compressor 17 as seen from the housing front side 3, rather than for instance letting the
condenser be suspended from an inner wall in the tumble dryer.

[0023] It Is advantageous to keep the heat pump as a unit where the evaporator 15, the
compressor 1/ and the condenser 19 are included as components together with an expansion
valve, and where the unit may be removed from or mounted in the tumble dryer without
separating the components from each other. The closed refrigerant medium loop In the heat
pump Is preferably filled and sealed in a central location, before being assembled Iin the tumble
dryer. This also makes it simpler to replace a heat pump In an existing tumble dryer in the field.
It Is even possible to replace e.g. a gas heating unit in an existing tumble dryer with a heat

pump.
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[0024] The provision of the heat pump as a complete unit also makes it possible to enclose the
heat pump as a whole in an insulating shell 23 as shown In fig 4 as well as In the cross section
of fig 2. Such a shell 23 may enclose the heat pump arrangement as a whole, but provide
openings 38, 40 (cf. fig /), matching with the fan arrangement and a connection to the rotating
drum. The shell may be assembled from multiple parts and may be made In a suitable
Insulating material such as expanded polypropylene, EPP. The Insulating shell improves the
energy efficiency of the tumble dryer even further.

[0025] As lllustrated In fig 4, the pump unit together with the insulating shell 23 may be
provided with wheels 41 that facilitate moving the heat pump unit on a floor, for instance when
replacing a heat pump unit in the field. Such wheels may be located in a bottom plate on which
the heat pump unit with the insulating shell rests.

[0026] Fig 5-6 show the rear side of a tumble dryer before and after installing a heat pump
unit. As illustrated in fig 5, the rear side of the tumble dryer may reveal an opening 31 or
recess by taking away a back wall (not shown). The opening has a sufficient space to enclose
the heat pump unit, and once fitted therein, the back wall may be attached to the tumble dryer.

[0027] As shown In fig 5, there Is provided openings to the rotatable drum 11 and to the fan
arrangement 13 that fit with the openings In the heat pump shell 23. There may further be
provided slots 37 In the floor 35 of the rear opening 31 into which any wheels of the heat pump
unit can project once the heat pump unit is In place, such that the heat pump unit rests firmly
on the rear opening floor 35.

[0028] Fig 6 shows the same perspective view as fig 6 when the heat pump unit is mounted
Into the rear opening. This can be done simply by rolling the heat pump unit in place in the rear
opening 31, attaching some connection points of the heat pump to the tumble dryer for
Instance by means of screws, and connecting the heat pump to the electric system of the
tumble dryer.

[0029] Fig 7 shows a perspective view of a heat pump shell 23 as seen from the front thereof,
l.e. the side which connects to the tumble dryer drum 11. The drawing shows the openings 38,
40 In the bottom, air inlet (38), and upper parts, air outlet (40), connecting to the fan
arrangement and to the drum, respectively. In addition to those openings, the shell may
comprise electric wiring leading in and out of the shell as well as the aforementioned drain tube
leading water out of the shell.

[0030] The present disclosure is not restricted to the above described examples, and may be
varied and altered in different ways within the scope of the appended claims.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1. Tarretumbler (1) omfattende et hus (2), en roterbar tromle (11) anbragt | hu-
set, til hvilken der er adgang fra en forside (3) af huset, en blaeseranordning
(13) til at fremstille en procesluftstram gennem tromlen, og en varmepumpe il
at tarre procesluften, for den kommer ind | tromlen, idet varmepumpen omfat-
ter en kondensator (19), en kompressor (17) og en fordamper (15), hvor kon-
densatoren (19), kompressoren (17) og fordamperen (15) er anbragt som
komponenter | en varmepumpeenhed (15, 17, 19), hvor varmepumpeenheden
kan fjernes fra den resterende del af tarretumbleren (1) gennem en abning
(31) I bagsiden af huset uden at adskille komponenterne, hvor varmepumpe-
enheden omfatter en faelles ramme (25, 27, 29), og hvor kondensatoren (19),
kompressoren (17) og fordamperen (15) er fastgjort til den faelles ramme (25,
27, 29), kendetegnet ved, at kondensatoren (19) er placeret over kompresso-
ren (17), og fordamperen (15) er placeret foran kompressoren set fra forsiden

(3) af tarretumbleren.

2. Tarretumbler ifglge krav 1, hvor varmepumpeenheden omfatter et komplet
lukket kalemiddelkredslab.

3. Tarretumbler italge krav 2, hvor det lukkede kalemiddelkredslab indeholder
kondensatoren (19), kompressoren (17), fordamperen (15) og en ekspansi-

onsventil (16).

4. Tarretumbler ifalge krav 3, hvor kondensatoren (19), kompressoren (17),
fordamperen (15) og ekspansionsventilen (16) er indkapslet | en feelles isole-

ringsskal (23).

5. Tarretumbler ifglge krav 4, hvor skallen (23) omfatter ekspanderet polypro-
pylen, EPP.
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6. Tarretumbler ifglge krav 5, hvor skallen omfatter et luftindtag (38) og et luft-
udtag (40).

7. Tarretumbler ifglge et af kravene 5 eller 6, hvor skallen omfatter en aflgbs-

slange (39) til at fore vand ud af skallen.

8. Tarretumbler ifglge et af de foregaende krav, hvor kondensatoren (19) bae-
res af en topramme (25) pa den feelles ramme, idet toprammen baerer kon-
densatoren (19) | kanterne af kondensatorens bundflade (24), sa procesluft

kan passere gennem bundfladen ved indvendige dele herat.

9. Tarretumbler ifalge et af de foregaende krav, hvor fordamperen straekker

sig ind 1 et rum under den roterbare tromle (11).

10. Tarretumbler ifglge et af de foregaende krav, hvor varmepumpeenheden

er tilvejebragt med hjul (41), sa den kan rulles pa et gulv.

11. Tarretumbler ifglge krav 10, hvor abningen (31) har et indvendigt gulv (35)
udfart med slidser (37), som hjulene (41) kan straekke sig ind i, nar varme-

pumpeenheden er installeret | tarretumbleren.
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