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(54) Household appliance comprising a first air conduit and a heat pump

(57)  The invention relates to a household appliance
1 comprising a housing 2, a drying chamber 3 for drying 4 v

wet articles 6 therein, a first air conduit 7 for guiding proc-

ess air drawn into said housing 2 to dry the articles 6 and Z
a heat pump 12, 13, 14, 15, 16, 17, said heat pump 12, J
13, 14, 15, 16, 17 comprising a heat sink 14 for transfer-
ring heat into said heat pump 12, 13, 14, 15, 16, 17, a
heat source 13 coupled to said first air conduit 7 fortrans- |  wpv ey [ 0L —— — i
ferring heat from said heat pump 12, 13, 14, 15, 16, 17
into the process air. Said heat sink 14 is coupled to a
second air conduit 18 for guiding secondary air drawn
into said housing 2, for transferring heat from the sec-
ondary air into said heat pump 12, 13, 14, 15, 16, 17.
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Description

[0001] The invention relates to a household appliance
comprising a housing, a drying chamber for drying wet
articles therein, a first air conduit for guiding process air
drawn into said housing to dry the articles and a heat
pump, said heat pump comprising a heat sink for trans-
ferring heat into said heat pump, a heat source coupled
to said first air conduit for transferring heat from said heat
pump into the process air.

[0002] A household appliance of this type is apparent
from an abstract related to Japanese publication JP 2004
089 415 A and contained in the database Patent Ab-
stracts of Japan.

[0003] A household appliance for drying wet articles
and comprising a heat pump is apparent from EP 0 467
188 B1. That document contains a detailed description
of a household appliance that is configured as a dryer
for drying articles which are wet laundry. The document
refers to many details of the household appliance that
may be necessary or at any rate advantageous in making
or using the appliance. Accordingly, the whole content
of this document is incorporated herein by reference.
[0004] Related art for household appliances is appar-
ent from documents WO 2006/029953 A1 that specifies
a dishwasher in relation to a laundry dryer or combined
laundry washer and dryer, DE 197 38 735 C2 that dis-
closes a household appliance with a different type of heat
pump, EP 1672294 A2, and EP 1 672 295 A2, the latter
two disclosing air conditioning devices that have cooling
circuits which are in some aspects similar to the certain
heat pumps considered herein.

[0005] Drying of wet articles in a household appliance
generally requires evaporating the humidity on the arti-
cles and transporting evaporate thus formed away by
means of a current of heated process air. Such process
air loaded with evaporate may be discharged from the
appliance, or subjected to a condensation process to re-
cover the humidity contained in the evaporate in liquid
form for collection and disposal. Such condensation proc-
ess in turn requires cooling the process air, thereby ex-
tracting heat. That heat may again be discharged from
the appliance simply. In order to keep consumption of
energy low however, it may be desired to recover that
heat at least to an extent. To that end, a household ap-
pliance has been developed that incorporates a heat
pump which recovers energy taken from the process air.
To that end, the heat pump comprises a heat sink which
is applied to cool the process air with the humidity con-
tained therein, thereby extracting heat from the process
air. In addition, the heat pump comprises a heat source
which is applied to heat the process air prior to conveying
it to the articles to be dried for pickup of humidity. Finally,
the heat pump comprises some means to convey heat
from the heat sink to the heat source, thereby accom-
plishing the desired recovery of heat.

[0006] In an exemplary heat pump that is also known
from the documents referred to above, the means for
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conveying heat comprise a heat transfer loop that con-
tains a heat transfer agent or refrigerant that is circulated
through the heat sink and the heat source repeatedly.
The heat pump is operated by evaporating the heat trans-
fer fluid in the heat sink by heat extracted from process
air flowing through, subsequently compressing that heat
transfer fluid and releasing heat from it back into the proc-
ess air at the heat source. That release of heat makes
the gaseous heat transfer fluid condensate or liquefy.
Theliquefied heat transfer fluid is guided through a nozzle
to reduce its internal pressure, and is finally guided back
to the heat sink for another evaporation and pickup of
heat. The process air is kept in a substantially closed
circuit or process air loop. While it may be expedient or
even required to open such process air loop at least oc-
casionally as described in EP 0 467 188 B1, pertinent
IEC standards require that a dryer that is claimed to re-
cover humidity by condensation keeps any leakage of
humidity below 20% of the total humidity present. Prob-
lems still to be encountered with such household appli-
ances incorporating heat pumps are high manufacturing
costs, relatively long periods needed to dry convenient
charges of laundry or the like, and possible environmen-
tal hazards from heat transfer fluids applied in such ap-
pliances. To mitigate such hazards that are predominant-
ly related to ozone-destroying or greenhouse effect en-
hancing properties, or flammability, of such compounds,
chlorinated hydrocarbons that had been applied fre-
quently in the past are presently prohibited from use due
to pertinent legislation. To allow quantitative assessment
of greenhouse effect potentials of usual refrigerants, a
reference index named "Global Warming Potential"
("GWP index" in short hereinafter) has been assigned to
each commonly known or used refrigerant, with carbon
dioxide or R744 having its GWP index defined to be equal
to 1.

[0007] The pickup of humidity from articles to be dried
by process air is only effective if the process air is heated
over any normal ambient temperature, preferably to a
temperature higher than 60°C. That temperature will be
brought down by the evaporation process to a somewhat
lower temperature. At any rate, a temperature around or
above 35°C at an inlet of an evaporator heat exchanger
may be expected to pose a problem to a heat pump ap-
plying a heat transfer fluid as specified above and de-
signed in accordance with practice common in the art of
refrigeration, in that compressors and refrigerant fluids
(generally specified as "heat transfer fluids" herein) from
normal refrigeration practice are not suitable for the pur-
pose. It has been considered to obtain relief by reverting
to refrigerants of remarkably high critical temperatures
so0 as to ascertain their function at working temperatures
up to 60°C, but no thorough analysis and guidance is
available so far. Other measures that have been applied
to obtain relief are bringing excess heat out of the appli-
ance, by exhaling warm process air in exchange for cool-
er air and including additional heat exchangers to take
excess heat from the heat transfer fluid by suitable ad-
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ditional heat exchangers. All of these measures, howev-
er, introduce further complexity and cost.

[0008] Details of GWP indices of generally known re-
frigerant compounds are listed in the textbook "Solkane-
Product Manual Refrigeration and Air-Conditioning
Technology" by H. Buchwald, J. Hellmann, H. Kdénig, and
C. Meurer, 2nd ed. 08/2000. As to a quantitative classi-
fication of refrigerants in view of their flammabilities as
expressed in a Lower Flammability Level index, refer-
ence is made to European Standard document IEC
60335-2-40, "Household and Similar Electrical Applianc-
es -- Safety - particular Requirements for Electrical heat
Pumps, Air-Conditioners and Dehumidifiers", Edition 4.2
2005-07, Annex BB - Table BB.1. Pertinent information
on refrigerants or heat transfer fluids is also available in
U. S. Standard ASHRAE 34, including a specific nomen-
clature for such compounds and a classification on se-
curity and toxicity of such compounds.

[0009] The dryer disclosed in the Japanese abstract
mentioned above has an open air conduit for process air
which is taken into the dryer, heated by the heat pump’s
heat source, guided through laundry to be dried and tum-
bled in a rotating drum. Subsequently, the process air is
guided through the heat pump’s heat sink for cooling and
recovering humidity from the process air by condensa-
tion. Finally, the process air is discharged from the dryer.
While this dryer provides at least for a fraction of the
humidity extracted from the laundry to be recovered in
liquid form, the dryer requires action by an operator to
dispose of the liquid recovered. At any rate, this is unu-
sual and may be disappreciated by an operator being
used not to care for disposal of any residual produced in
a normal laundry dryer with an open process air conduit.
In addition to the problem of disposal of liquid residuals,
the dryer as disclosed in the Japanese abstract will re-
quire a dedicated lint filter to remove fibrous or dust-like
residuals, usually known as lint, from the process air ex-
iting the laundry drum. Normal laundry will always release
a quantity of lint upon drying by a flow of process air, that
will precipitate on any guide structure or other component
that is passed by the process air carrying the lint and
stick there due to the humidity precipitating from the proc-
ess air concurrently. To avoid clogging of the heat sink
by lint, a dedicated lint filter is needed to be placed up-
stream of the heat sink to catch as much lint as possible,
and such filter will also need attention by an operator to
remove lint collected thereupon. This will cause even
more disappreciation of such dryer.

[0010] Accordingly, it is an object of the invention to
specify a household appliance as defined in the introduc-
tory chapter herein that has a heat pump which is detailed
in a way so as to alleviate the problems specified above
and allows for quicker drying of articles at an appropriate
expense. In particular, it is an object of the invention to
specify a household appliance as defined above that
avoids production of condensate liquid at least to a con-
siderable extent. Likewise, it is an object of the invention
to specify a household appliance as defined above that
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avoids the need for lint filtering.

[0011] The present invention provides a solution em-
bodied in the household appliance as defined in the in-
dependent claim. Preferred embodiments of the inven-
tion are defined in the dependent claims.

[0012] According to the invention, there is specified a
household appliance comprising a housing, a drying
chamber for drying wet articles therein, a first air conduit
for guiding process air drawn into said housing to dry the
articles and a heat pump, said heat pump comprising a
heat sink for transferring heat into said heat pump, a heat
source coupled to said first air conduit for transferring
heat from said heat pump into the process air, charac-
terized in that said heat sink is coupled to a second air
conduit for guiding secondary airdrawn into said housing,
for transferring heat from the secondary air into said heat
pump.

[0013] The presentinvention takes advantage fromthe
fact that extracting heat from secondary air taken from
the ambient of the appliance will in general incur much
less generation of condensate liquid than the extraction
of heat from process air that is dedicatedly loaded with
humidity at or near a maximum capacity.

[0014] Inaddition, advantage is taken from the fact that
the air taken into the appliance from its ambient is cooler
than the process air exiting the drying chamber with the
articles to be dried which will carry, as a rule, at least a
fraction of the thermal energy that had been loaded into
the process air by heating prior to its entering the drying
chamber. Accordingly, the invention provides for a de-
fined leakage of heat from the appliance that will balance
against excess heat generated by the heat pump due to
fundamental laws of thermodynamics. Thereby, the in-
vention contributes to stabilizing the process of drying
articles by balancing generation of excess heat within
the appliance with dissipation of heat from the appliance.
This is of major importance during a major phase of the
drying process, where any initial heat-up of the appliance
and its components has been accomplished and the dry-
ing processis desired torunin a quasi-stationary manner.
[0015] Inaddition as well, the process air is discharged
from the appliance after having flown through the drying
chamber and around the articles to be dried only once
and possibly without passing any other functionally active
component of the appliance. Accordingly, thereis no con-
siderable danger of clogging by lint, and therefore, no
dedicated lint filter is needed in general. An exception
may occur in case that a blower to drive the process air
is placed downstream of the drying chamber. Yet, a tur-
bulent flow of process air through such blower may be
expected, and such turbulent flow will prevent precipita-
tion of lint within the blower at least to a fair extent.
[0016] In accordance with a preferred embodiment of
the invention, said heat pump comprises a heat transfer
loop containing a heat transfer fluid to be circulated
through said heat transfer loop, a compressor for com-
pressing said heat transfer fluid and circulating said heat
transfer fluid through said heat transfer loop, and a nozzle
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for decompressing said heat transfer fluid. Further, said
heat sink is provided to be an evaporator for transferring
heat from the process air into said heat transfer fluid by
evaporating said heat transfer fluid, and said heat source
is provided to be a liquefier for transferring heat from said
heat transfer fluid to the process air by liquefying said
heat transfer fluid. Accordingly, this heat pump is the
known compressor-type heat pump that is known in par-
ticular from cooling and freezing applications, which fact
provides for designating the heat transfer fluid used in
such heat pump commonly as "refrigerant”.

[0017] In accordance with a preferred embodiment
that is a further development of the preferred embodi-
ment defined just above, said heat transfer fluid compris-
es a fluorinated hydrocarbon compound. In particular,
said heat transfer fluid is selected from the group com-
prising refrigerants R134a, R152a, R290, R407C, and
R410A.

[0018] While R134a and R152a are single fluorinated
hydrocarbon compounds, R 407C and R410A are mix-
tures of such compounds. R290 or propane in its turn is
an alkane or simple hydrocarbon compound. It has per-
tinent physical properties that make it highly suitable for
the application considered herein. In particular, propane
has a GWP index of 3 that is remarkably low in compar-
ison to a GWP index of 1300 for the conventional heat
transfer fluid R134a. Of course, application of propane
which is highly flammable will require dedicated protec-
tion of the system against fire hazard. In order to combine
a somewhat reduced flammability level with a fairly low
GWP index, R152a is a particularly preferred choice.
[0019] In accordance with another preferred embodi-
ment of the invention, said drying chamber is a rotatable
drum.

[0020] In accordance with a further preferred embod-
iment of the invention, the appliance is configured as a
dryer for drying wet laundry. Other embodiments of the
appliance according to this invention, namely embodi-
ments as a washer-dryer for both washing and drying
laundry, or as a dishwasher, are considered.

[0021] In accordance with yet another preferred em-
bodiment of the invention, said heat pump comprises a
drive means, and said second air conduit is coupled to
said drive means (for transferring heat from said drive
means to said secondary air. This embodiment takes ad-
vantage of the presence of cooled secondary air, which
is applied to provide some cooling for those components
that drive the heat pump, and thus serve for entering
additional energy which necessary to drive the heat pump
process. To thatend, itis more preferred that said second
air conduit is arranged for the secondary air to pass said
heat sink prior to passing said drive means. Yet more
preferred, said drive means comprises a compressor for
compressing a heat transfer fluid and circulating said
heat transfer fluid through said heat pump, and a com-
pressor motor for driving said compressor. Still more pre-
ferred, said first air conduit and said second air conduit
are combined into a single exhaust conduit for exhausting
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said process air and said secondary air out of said hous-
ing. In such embodiment, said exhaust conduit may com-
prise a single blower for exhausting said process air and
said secondary air.

[0022] In accordance with yet a further preferred em-
bodiment of the invention, said housing is open for an
inflow of air into said housing, and said second air conduit
has an inlet disposed within said housing. With the sec-
ond air conduit’s inlet disposed within the housing, air
which could pick up some heat dissipated from compo-
nents of the appliance including the drying chamber, the
heat source, and parts of the first air conduit, is drawn
into the second air conduit to be cooled down by the heat
sink. As the heat extracted by the heat sink is returned
to the drying process through the heat source, this re-
turning of heat contributes to a recovery of dissipated
heat and an according improvement of the efficiency of
the drying process. Further, as air within the housing ob-
tains a degree of preheating by dissipated heat, more
advantage may be attained in case that the appliance is
placed in arelatively cool ambient. In such ambient, cool-
ing secondary air drawn from the ambient may lower the
temperature of such secondary air below 0°C and cause
formation of ice at or around the heat sink. Such ice in
turn may impair the operational efficiency of the heat sink.
A degree of preheating the secondary air will mitigate
any disadvantage of ice formation at least to a consider-
able extent.

[0023] In accordance with still a further preferred em-
bodiment of the invention, the appliance comprises a by-
pass conduit connecting said first air conduit and said
second air conduit and switching means for selectively
routing a fraction of said process air into said second air
conduit through said bypass conduit. More preferred,
said bypass conduit is connected to said first air conduit
between said heat source and said drying chamber, and
said bypass conduit is connected to said second air con-
duit upstream of said heat sink. Yet more preferred, the
appliance comprises a temperature sensor to detect a
temperature at said heat sink, and a control device con-
nected to said temperature sensor and said switching
means. Further, said control device is arranged to en-
gage said switching means for routing the fraction of said
process air into said second air conduit upon condition
that the temperature detected by said temperature sen-
soris lower than a predefined limit temperature. Yet more
preferred, the appliance comprises a condensate sensor
disposed in said second air conduit, said condensate
sensor linked to said heat sink to detect condensate
formed at said heat sink, with said control device con-
nected to said condensate sensor and said heat pump,
and said control device being arranged to operate said
heat pump in response to detections received from said
condensate sensor. Still more preferred, said control de-
vice is connected to a drive means comprised by said
heat pump, and said control device is arranged to operate
said heat pump by operating said drive means.

[0024] The appliance including such bypass conduit
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may adapt its modes of operation to a variety of ambient
an operating conditions. In case of very low ambient tem-
perature, the flow of secondary air could be mixed with
a fraction of the process air branched off upstream of the
drying chamber, in order to avoid predominantly low tem-
peratures of process air passing the heat sink which
might cause a formation of ice at the heat sink which
would constrict the second air conduit and impair oper-
ation of the heat pump. Further, the bypass conduit can
be used to perform a de-icing operation, during which
operation of the heat pump would be cut off, and process
air after diverted into the bypass conduit after having
passed the heat source, to pass the heat sink to meltice
formed there. Such de-icing operation can also be used
to provide some preheating of the heat sink prior to start-
ing a drying process, by guiding warm process air divert-
ed through the bypass conduit past the heat sink. Such
warm process air may be obtained by heating the process
air with an additional heater as specified hereinbelow. In
addition to avoiding formation of ice within the appliance,
the bypass conduit may also be used to prevent exces-
sive formation of condensate at the heat sink as may
occur under relatively warm and humid ambient condi-
tions. The same secondary processes as specified just
above may be used to control the temperature at the heat
sink to avoid excessive condensation. Application of
these secondary processes may be controlled by a con-
trol device of the appliance and by use of dedicated sen-
sors as specified hereinabove.

[0025] Inaccordance with again another preferred em-
bodiment of the invention, the appliance comprises a
heater disposed in said first air conduit upstream of said
drying chamber, for selectively heating said process air.
[0026] The separate heater may be used to obtain
quick pre-heating of the appliance during a heat up phase
of operation, and may be applied to provide for some
additional heating during a steady phase of operation.
Such additional heating may be practical in order to avoid
formation of ice or excessive condensation at the heat
sink when used concurrently with a bypass conduit, as
specified just above.

[0027] Exemplary preferred embodiments of the in-
vention are now des cribbed in detail, with reference to
the accompanying drawing. The drawing comprises
schematic figures of household appliances. In particular,

Fig. 1 shows a first embodiment of a household ap-
pliance;

Fig. 2 showsan arrangement of components of a sec-
ond embodiment of a household appliance; and

Fig. 3  showsanarrangement of components of a third
embodiment of a household appliance.

[0028] Figure 1 shows a household appliance 1 which

comprises a housing 2 that contains all components of
the appliance 1 to be described herein below and that is
disposed in a suitable household ambient. The appliance
1 further comprises a drying chamber 3 that is provided
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in the form of a drum 3 rotatable around an axis of rotation
4. The drum 3 may be accessed by door 5, for charging
with articles 6 to be dried in form of humid laundry 6. After
being dried, the laundry 6 may be discharged through
door 5 as well.

[0029] For the purpose of drying the laundry 6, air is
drawn into the appliance 1 through first air conduit 7 by
a blower 8 that is operable by motor 9. To prevent dust
and other dirt from contaminating the laundry 6, a filter
10 is provided in the first air conduit 7. Process air being
drawn through the first air conduit 7 may be heated by
electric heater 11. Electric heater 11 may be replaced by
a heater operated by combustion of liquid or gaseous
fuel in accordance with pertinent knowledge in the field
of laundry dryers. In the present case, heater 11 is only
an accessory component; the main share of the heating
of the process air is accomplished by a heat pump 12,
13, 14, 15, 16, 17 which comprises a heat source 13 that
forms a part of the first air conduit 7. In accordance with
pertinent knowledge, the appliance 1 may be specified
to be an exhaust-type laundry dryer, because process
air that is conveyed through first air conduit 7 is guided
in an open cycle, by being drawn to the appliance 1
through first air conduit 7, passing the articles 6 only once
and being exhausted from the appliance 1 subsequently.
[0030] Theheatpump12,13, 14,15, 16,17 comprises
besides the heat source 13 and the heat sink 14 that is
coupled to a second air conduit 18, a heat transfer loop
12 containing a heat transfer fluid that is circulated by a
compressor 15 driven by a compressor motor 16, and a
nozzle 17. For operation of such heat pump 12, 13, 14,
15, 16, 17, reference may be made to pertinent knowl-
edge of persons skilled in the art. Anyway, the heat trans-
fer fluid which may be one of refrigerants R134a, R152a,
R290, R407C, and R410A, will enter heat sink 14 in liquid
form, to be evaporated by taking up heat from secondary
air flowing through second air conduit 18 that the heat
sink 14 belongs to. After vaporization in the heat sink 14,
the heat transfer fluid will flow through compressor 15,
which will compress the heat transfer fluid to increase
both its internal pressure and its temperature. Subse-
quently, the compressed heat transfer fluid will enter the
heat source 13 and will be liquefied there, by releasing
heat to the process air flowing through the first air conduit
7. Upon exiting the heat source 13, the heat transfer loop
12 will guide the liquefied heat transfer fluid through a
nozzle 17, where the internal pressure of the liquid heat
transfer fluid will be reduced. The nozzle 17 is to be un-
derstood as a representative for a plurality of suitable
means including the nozzle 17, a capillary and a check
valve. Downstream of the nozzle 17, the liquid heat trans-
ferfluid with reduced internal pressure will be guided back
to the heat sink 14 to complete its cycle through the heat
transfer loop 12. Accordingly, by operation of the heat
pump 12, 13, 14, 15, 16, 17, process air flowing through
the first air conduit 7 will be heated by heat extracted
from secondary air flowing through the second air conduit
18. Accordingly, it is heat extracted from the ambient of
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the appliance 1 which is transferred into the process air
for the purpose of heating to dry the laundry 6 contained
in the drum 3.

[0031] It may be noted that the heat pump shown in
figure 1 and the subsequent figures should be regarded
as a representative of other configurations that may be
applied to transfer heat from the secondary air to the
process air, examples of such configuration being part
of pertinent knowledge. As examples, thermoelectric
heat pumps and adsorption-type heat pumps may be
mentioned.

[0032] It may be noted that the second air conduit 18
has an inlet 19 that is not directly open to the appliance’s
1 ambient. Rather, the inlet 19 is disposed within the
housing 2, for air from inside the housing 2 to be drawn
into the second air conduit 18. The housing 2 in turn has
openings 20 in the form of small slits 20 or the like, which
allow air from the ambient of the appliance 1 to enter the
housing 2 and replace air that has been drawn into the
second air conduit 18. The advantage of this configura-
tion has been explained in detail hereinabove, the basic
point being to take advantage of heat dissipated into such
air from the drum 3, the first air conduit 7 and the heat
source 13.

[0033] As the heat sink 14 provides for a considerable
cooling of the secondary air, condensation of humidity
contained in such secondary air at the heat sink 14 must
be expected. Accordingly and in conformance with per-
tinent knowledge, heat sink 14 is designed in such a way
to allow for collection of such condensate and guiding
such condensate to a condensate collector 21 for dis-
posal after completion of a drying process.

[0034] The second air conduit 18 comprises a cooler
portion 22 that is arranged in operative connection to the
compressor 15 and the compressor motor 16, to provide
for some cooling of these components. By such cooling,
accumulation of excess heat within the heat transfer loop
12 can be avoided, and stable operation of the heat trans-
fer loop 12 assured.

[0035] Thefirstair conduit 7 and the second air conduit
18 are combined into a single exhaust conduit 23 down-
stream of the drum 3 and the cooler portion 22, respec-
tively. Blower 8 is disposed within the exhaust conduit
23, to draw both the process air through the first air con-
duit 7 and the secondary air through the second air con-
duit 18 simultaneously.

[0036] To provide for a degree of control of the oper-
ation of the appliance 1, a temperature sensor 24 is
placed at the heat sink 14 to detect a local temperature
at the heat sink 14. Likewise, a condensate sensor 25 is
placed at the condensate collector 21 to allow for moni-
toring the generation of condensate at the heat sink 14.
By these sensors 24 and 25, operation of the heat sink
14 may be controlled to avoid undesirably low tempera-
tures at the heat sink 14 which might cause the formation
of ice within the second air conduit 18. Temperature sen-
sor 24 may be applied to monitor the temperature of the
heat sink 14 directly, and the condensate sensor 25 may
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be used to monitor the operating condition of the heat
sink 14 indirectly via an assessment of condensate pro-
duced during operation of the appliance 1. Details have
been specified hereinabove. It should be noted that the
sensors 24 and 25 shown are not meant to be the totality
of sensors present in the appliance 1 and used to provide
full control of its operation. Reference is made to pertinent
knowledge for further sensors that may be used, in par-
ticular for sensors within the first air conduit 7, to monitor
temperatures of the laundry 6 and thus control operation
of the appliance 1. Anyway, such control is exercised by
the control device 26 which is connected to all operative
an controllable components of the appliance 1 through
connection lines 27 for power supply or for reception of
signals, as may be the case.

[0037] Figure 2 shows a development of the embodi-
ment from figure 1, with only those components shown
which are important in the present context. It may be
noted that in this embodiment the second air conduit 18
draws air not from within the housing 2, but directly from
the ambient of the appliance 1. Of major importance is
the bypass conduit 28 that connects the first air conduit
7 and the second air conduit 18, and branches off from
the first air conduit 7 downstream of the heat source 13,
in particular even downstream of the heater 11 but up-
stream of the drum 3. Accordingly, the bypass conduit
28 allows conveying a fraction of the process air into the
second air conduit 18 after heating up by the heat source
13 and the optional heater 11. This has the advantage
that an undesirably low temperature at the heat sink 14
and monitored by temperature sensor 27, for example,
can be avoided by rising the temperature of the second-
ary air at the heat sink 14. Likewise, the heat sink 14 and
neighbouring portions of the second air conduit 18 may
be pre-heated during a heat up phase of the drying proc-
ess, by operating the switching device 29 (exemplified
as a flap 29) at the bypass conduit 28 to shut off the
second air conduit 18 from its normal inlet 19, to draw
only air which has been heated up by the heat source 13
and/or the heater 11. Such pre-heating may also be per-
formed during a steady phase of a drying process; in
such circumstance, normal operation of the heat pump
12, 13, 14, 15, 16, 17 should be discontinued to avoid
further cooling at the heat sink 14, but heated air being
still obtainable at least for a while by making use of re-
sidual heat contained in the heat source 13. By any meth-
od specified here or hereinabove, the bypass conduit 28
can be very useful to avoid undesirable operating condi-
tions at the heat sink 14. Of course, the embodiment
shown in figure 2 incorporates as well a control device
26, to operate the various components mentioned here
through appropriate connecting lines 27.

[0038] Figure 3 shows an alternative embodiment of
the appliance 1, which is characterized by keeping the
first air conduit 7 and the second conduit 18 separate
from each other. It should be noted that this embodiment
may be further developed by incorporating a bypass con-
duit 28 and a switching device 29 as shown in Figure 2.
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As to the first air conduit 7, it should be noted that an
exhaust hose 30 is connected to the outlet 31 of the first
airconduit 7. As arule, process air that is exhausted from
the first air conduit 7 will contain a considerable amount
of humidity. Accordingly, such process air should not be
exhausted into the immediate ambient of the appliance
1, to avoid precipitation of such humidity in that ambient.
In case of an appliance 1 placed within a building, it is
common practice to provide some guide through which
such process air can be conveyed out of the building.
Such guide in turn will normally include a more or less
flexible hose 30 for connection to the appliance 1. Of
course, such hose 30 should also be considered when
placing an appliance 1 as shown in Figure 1 or Figure 2
within a building.

[0039] As the second air conduit 18 is at least in prin-
ciple separate from the first air conduit 7, the second air
conduit 18 includes a separate second blower 32 to drive
the secondary air there through. It should be noted that
it may be desirable to drive both blowers 8 and 32 by a
single blower motor 9 as shown in figure 1. It should also
be noted that the cooler portion 22 of the second air con-
duit 18 is embodied as an enclosure wherein the drive
means 15 and 16 of the heat pump 12, 13, 14, 15, 16,
17, in particular the compressor 15 and the compressor
motor 16, are disposed.

[0040] Atanyrate, the appliances shownin detail here-
in are characterized by incorporating recovery of heat
used in adrying process at least to a considerable extent,
while retaining all pertinent positive features of normal
exhaust-type appliances designed for drying.

List of Reference Numerals

[0041]

1 Household appliance, dryer
2 Housing

3 Drying chamber, drum

4 Axis of rotation

5 Door

6 Wet articles, laundry

7 First air conduit

8 Blower

9 Blower motor

10  Filter

11 Heater

12 Heat transfer loop

13 Liquefier, heat source

14  Evaporator, heat sink

15  Compressor, drive means
16  Compressor motor, drive means
17  Nozzle

18  Second air conduit

19 Inlet of second air conduit
20  Slitin housing

21 Condensate collector

22 Cooler Portion
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23  Exhaust conduit

24  Temperature sensor

25 Condensate sensor

26  Control device

27  Connection line

28 Bypass conduit

29  Switching means, flap
30 Exhaust hose

31 Outlet of first air conduit
32  Second blower

Claims

1. Household appliance (1) comprising a housing (2),

adrying chamber (3) for drying wet articles (6) there-
in, a first air conduit (7) for guiding process air drawn
into said housing (2) to dry the articles (6) and a heat
pump (12, 13, 14, 15, 16, 17), said heat pump (12,
13, 14, 15, 16, 17) comprising a heat sink (14) for
transferring heat into said heat pump (12, 13, 14, 15,
16, 17), a heat source (13) coupled to said first air
conduit (7) for transferring heat from said heat pump
(12, 13, 14, 15, 16, 17) into the process air, charac-
terized in that said heat sink (14) is coupled to a
second air conduit (18) for guiding secondary air
drawn into said housing (2), for transferring heat from
the secondary air into said heat pump (12, 13, 14,
15, 16, 17).

Household appliance (1) according to claim 1,
wherein said heat pump (12, 13, 14, 15, 16, 17) com-
prises a heat transfer loop (12) containing a heat
transfer fluid to be circulated through said heat trans-
ferloop (12), a compressor (15) for compressing said
heat transfer fluid and circulating said heat transfer
fluid through said heat transfer loop (12), and a noz-
zle (17) for decompressing said heat transfer fluid,
said heat sink (14) being an evaporator (14) for trans-
ferring heat from the process air into said heat trans-
fer fluid by evaporating said heat transfer fluid, and
said heat source (13) being a liquefier (13) for trans-
ferring heat from said heat transfer fluid to the proc-
ess air by liquefying said heat transfer fluid.

Household appliance (1) according to claim 2,
wherein said heat transfer fluid comprises a fluori-
nated hydrocarbon compound.

Household appliance (1) according to one of the pre-
ceding claims, wherein said heat transfer fluid is se-
lected from the group comprising refrigerants
R134a, R152a, R290, R407C, and R410A.

Household appliance (1) according to one of the pre-
ceding claims, wherein said drying chamber (3) is a
rotatable drum (3).
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15.
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Household appliance (1) according to one of the pre-
ceding claims, which is configured as a dryer (1) for
drying wet laundry (6).

Household appliance (1) according to one of the pre-
ceding claims, wherein said heat pump (12, 13, 14,
15, 16, 17) comprises a drive means (15, 16), and
wherein said second air conduit (18) is coupled to
said drive means (15, 16) for transferring heat from
said drive means (15, 16) to the secondary air.

Household appliance (1) according to claim 7,
wherein said second air conduit (18) is arranged for
the secondary air to pass said heat sink (13) prior to
passing said drive means (15, 16).

Household appliance according to one of claims 7
and 8, wherein said drive means (15, 16) comprises
a compressor (15) for compressing a heat transfer
fluid and circulating said heat transfer fluid through
said heat pump (12, 13, 14, 15, 16, 17), and a com-
pressor motor (16) for driving said compressor (15).

Household appliance (1) according to one of claims
7 to 9, wherein said first air conduit (7) and said sec-
ond air conduit (18) are combined into a single ex-
haust conduit (23) for exhausting the process air and
the secondary air out of said housing (2).

Household appliance (1) according to claim 10,
wherein said exhaust conduit (23) comprises asingle
blower (8) for exhausting the process air and the
secondary air.

Household appliance (1) according to one of the pre-
ceding claims, wherein said housing (2) is open for
an inflow of air into said housing (2), and wherein
said second air conduit (18) has an inlet (19) dis-
posed within said housing (2).

Household appliance (1) according to one of the pre-
ceding claims, comprising a bypass conduit (28) con-
necting said first air conduit (7) and said second air
conduit (18) and switching means (29) for selectively
routing a fraction of the process air into said second
air conduit (18) through said bypass conduit (28).

Household appliance (1) according to claim 13,
wherein said bypass conduit (28) is connected to
said first air conduit (7) between said heat source
(13) and said drying chamber (3), and said bypass
conduit (28) is connected to said second air conduit
(18) upstream of said heat sink (14).

Household appliance (1) according to one of claims
13 and 14, comprising a temperature sensor (24) to
detect atemperature at said heat sink (14), and com-
prising a control device (26) connected to said tem-
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16.

17.

18.

perature sensor (24) and said switching means (29),
and said control device (26) being arranged to en-
gage said switching means (29) for routing the frac-
tion of the process air into said second air conduit
(18) upon condition that the temperature detected
by said temperature sensor (24) is lower than a pre-
defined limit temperature.

Household appliance (1) according to claim 15, com-
prising a condensate sensor (25) disposed in said
second air conduit (18), said condensate sensor (25)
linked to said heat sink (14) to detect condensate
formed at said heat sink (14), said control device (26)
connected to said condensate sensor (25) and said
heat pump (12, 13, 14, 15, 16, 17), and said control
device (26) being arranged to operate said heat
pump (12, 13, 14, 15, 16, 17) in response to detec-
tions received from said condensate sensor (25).

Household appliance (1) according to claim 16,
wherein said control device (26) is connected to a
drive means (15, 16) comprised by said heat pump
(12, 13, 14, 15, 16, 17), and wherein said control
device (26) is arranged to operate said heat pump
(12,13,14,15, 16, 17) by operating said drive means
(15, 16).

Household appliance (1) according to one of the pre-
ceding claims, comprising a heater (11) disposed in
said first air conduit (7) upstream of said drying
chamber (3), for selectively heating said process air.
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