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Description

[0001] The invention concerns a condensation
clothes dryer with a heat pump, and a closed process
air circuit that proceeds from a clothes dryer drum and
returns to it via an evaporator, a blower, a compressor
and condenser as well as an auxiliary resistance heater.
[0002] Such a condensation clothes dryer is prior art
in DE 31 13 471 A1 or JP 01 23 039 8A. As shown in
DE 26 53 322 C2, PTC resistors are used for auxiliary
heating in clothes dryers. Since the resistance value of
the PTC resistors increases more-or-less exponentially
as the temperature increases, measures have to be tak-
en to limit the starting current and prevent excessive
heating during the heating phase. For this reason, the
program circuitry of prior-art clothes dryers operate the
PTC resistors in a series connection in a cold-start, and
in parallel connection or partially parallel connection
when heating. However, this requires extra program
control and correspondingly powerful switching means.
In addition, the heat must be adapted to the given oper-
ating conditions by means of expensive control and reg-
ulating devices, and there needs to be protection from
overloads with potential fire danger due to faulty or failed
control and regulating devices.

[0003] To maximise the effectiveness of such a con-
densation clothes dryer, the heat pump must be adapted
to the various operating conditions such as the cold-start
phase, heating phase and operating phase. The heat
pump is designed to deal with changing operating pa-
rameters which requires a great deal of engineering.
[0004] The problem of the invention is to adapt a con-
densation clothes dryer of the initially-cited type to the
different operating conditions solely by means of the
auxiliary resistance heating system without additional
engineering.

[0005] This problem is solved according to the inven-
tion by having the auxiliary resistance heating system
consisting of one or more semiconductor resistors that
heat the coolant for the condenser of the heat pump cir-
cuit.

[0006] Incorporating these semiconductor resistors
into the heat pump circuit enables automatic adaptation
to the various operating conditions with a corresponding
self-regulating effect without risk of over heating solely
by choosing the characteristics of the semiconductor re-
sistors without switches, thermostats, etc.; the heat
pump condenser is also heated more quickly in the heat-
ing phase.

[0007] As an auxiliary resistance heating system, the
semiconductor resistors designed as PTC resistors pro-
vide full heat output during a cold-start. As the temper-
ature rises, they reduce the heat output to the specified
heating current due to theirincreasing resistance; as the
temperature rises further, the heat output decreases to-
ward zero which effectively prevents overheating.
[0008] In another possible adaptation, the PTC resis-
tors are parallel-connected, series-connected or partial-
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ly parallel-connected. This circuit design of the PTC re-
sistors is used to attain a particular overall characteris-
tic.

[0009] For the PTC resistors to function as start-up
heaters and reduce cold-start current in the cold-start
phase, one or more NTC resistors are series-connected
in one embodiment to the parallel-connected, series-
connected or partially parallel-connected PTC resistors.
[0010] The NTC resistors determine the starting cur-
rent by means of their cold resistance, and the PTC re-
sistors determine the heating current of the auxiliary re-
sistance heating system with their hot resistance in the
provided circuit.

[0011] The heat pump circuit is directly affected when
the auxiliary resistance heating system is integrated in
a flow heater that is connected between the compressor
and condenser of the heat pump. When the PTC and
NTC resistors thermally contact the condenser, they
changed its parameters corresponding to the predomi-
nating operating conditions.

[0012] In one embodiment, the operating parameters
of the heat pump circuit can be directly influenced auto-
matically by the auxiliary resistance heating system by
installing the auxiliary resistance heating system in a
condenser bypass, or by mounting or installing the aux-
iliary resistance heater as a thermally-conducting, indi-
rectly heating component at one or more locations on
or in the condenser.

[0013] To allow the semiconductor resistors to be in-
corporated in the circuitry of the auxiliary resistance
heater, the semiconductor resistors of the auxiliary re-
sistance heater are preferably flat and are located be-
tween points of the resistance circuit designed as metal
contact plates or metal cooling plates and are electrical-
ly connected to each other. The automatic adaptation of
the auxiliary resistance heating system is provided as
follows: At least one upstream NTC resistor and one
downstream PTC resistor thermally contact each other
via the metal contact plates or metal cooling plates.
[0014] The invention will be further explained with ref-
erence to the exemplary embodiment portrayed in the
drawings. Shown are:

Fig. 1 a schematic illustration of the process air cir-
cuitin a condensation clothes dryer with a heat
pump and auxiliary resistance heating system,
Fig. 2 the condenser of the heat pump with various
combinations of auxiliary resistance heating,
and

Fig. 3  a circuit diagram for a circuit of the PTC and
NTC resistors of the auxiliary resistance heat-
er.

[0015] In condensation clothes dryers, the clothes 12
to be dried are put into the dryer drum 1. The dryer drum
1 can rotate around an axis 2 to circulate the clothes 12.
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The closed process air circuit has a moist hot area 3, a
demoisturised cooled area 10 and a hot dry area 6.
[0016] The process air is sucked out of the dryer drum
1 at an outlet, and it passes via the moist hot area 3 to
the evaporator 11 of the heat pump. As the suction line
9 shows, the evaporator 11 is connected to the compres-
sor 8. In another embodiment of the invention, a flow
heater 14 with an installed auxiliary resistance heater
W1 is connected in the pressure line 5 to the condenser
7 of the heat pump, as shown in Fig. 2. The condenser
7 is connected via line 4 with the throttle valve 13 to the
evaporator 11. From the condenser 7, the process air
returns via an inlet to the dryer drum 1, and the inlet is
on the side of the drum opposite the outlet.

[0017] The process air is heated in the condenser 7
of the heat pump, and it absorbs steam as it passes
through the dryer drum 1 that is removed from the proc-
ess air when it cools in the evaporator 11 and is ejected
as condensed water.

[0018] The heat pump absorbs energy from the evap-
orator 11 which it supplies to the condenser 7 along with
a condensation heat of the condensed moisture from the
laundry as well as part of its own heat loss.

[0019] To optimise the operation of such a condensa-
tion clothes dryer, the heat pump circuit must be adapted
to various operating conditions such as the cold-start
phase, heating phase and operating phase. It has prov-
en to be advantageous to shorten the cold-start phase
and heating phase.

[0020] An auxiliary resistance heating system can be
advantageously used when it is constructed with semi-
conductor resistors. When PTC resistors are used as
the semiconductor resistors, resistance increases as
the temperature increases so that, when a maximum
threshold temperature is attained, the heat output tends
toward zero. This can be attained in a particularly ad-
vantageous manner when the maximum PTC tempera-
ture is slightly below the operating temperature of the
heat pump so that it only acts as an auxiliary resistance
heater in the heating phase of the heat pump.

[0021] It is particularly advantageous when the PTC
resistors are integrated in the condenser for startup
heating. The auxiliary resistance heater therefore does
not require its own air-side heat-releasing surfaces or
fastening system; the heat pump condenser is directly
heated as well as the coolant supplied to the condenser
since they are in direct thermal contact with the PTC re-
sistors.

[0022] As shown in Fig. 2, the PTC resistors of the
auxiliary resistance heater W3 integrated with the heat
pump can thermally contact the condenser 7 at different
sites. The PTC resistors can also be in a bypass to the
condenser 7 as the auxiliary resistance heater W2
shows. The auxiliary resistance heater W1 can also be
a component of a flow heater 14 between the compres-
sor 8 and condenser 7 in the heat pump circuit.

[0023] If the start current is to be limited in the cold-
start phase, then the PTC resistors that are parallel-con-
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nected, series-connected or partially parallel-connected
can be series-connected upstream to the NTC resistors
NTC1 and NTC2 as shown in the circuit diagram in Fig.
3. Each NTC resistor NTC1 and NTC2 can be parallel-
connected downstream to two PTC resistors PTC1 and
PTC2, or PTC3 and PTC4. The circuit is fed with alter-
nating current L, N. As shown by the points in the circuit
identified as KK, K1, K1', K2, the electrical connections
required by the circuit can be realised with preferably
plate-shaped contact bodies or cooling bodies that are
electrically connected to the plate-shaped PTC and
NTC resistors. The cooling bodies K1 and K1' can also
be a single cooling body so that the two NTC resistors
NTC 1 and NTC 2 are parallel-connected. The particular
selection of the NTC and PTC resistors and their con-
nection depends on the desired overall characteristic of
the auxiliary resistance heater W1, W2 or W3 for adapt-
ing to the operating conditions of the cold-start phase,
heating phase and operating phase. The various char-
acteristics of the NTC and PTC resistors with their dif-
ferent resistance characteristics are also to be taken into
account as variation parameters.

[0024] A special adaptation control, e.g. with pro-
gram-controlled changes in the auxiliary resistance
heater circuit can be dispensed with as well as a safety
circuit to prevent overheating since the heating current
is automatically prevented from exceeding the operating
current by the overall characteristic of the auxiliary re-
sistance heater.

Claims

1. A condensation clothes dryer with a heat pump and
aclosed process air circuit that proceeds from a dry-
er drum (1) and returns to it via an evaporator (11),
blower and a condenser as well as an auxiliary re-
sistance heater (W1, W2, W3),
characterised in that
the auxiliary resistance heater (W1, W2, W3) con-
sists of one or more semiconductor resistors
(PTC1, PTC2, PTC3, PTC4) that heat the coolant
for the condenser (7) of the heat pump circuit.

2. A condensation clothes dryer according to claim 1,
characterised in that
the semiconductor resistors (PTC1 - PTC4) are
PTC resistors.

3. A condensation clothes dryer according to claims 1
or 2,
characterised in that
the PTC resistors (PTC1, PTC2, PTC3, PTC4) are
parallel-connected, series-connected, or partially
parallel-connected.

4. A condensation clothes dryer according to claim 3,
characterised in that
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the parallel-connected, series-connected or partial-
ly parallel-connected PTC resistors (PTC1 - PTC4)
are series-connected to one or more NTC resistors
(NTC1,NTC2).

A condensation clothes dryer according to claim 4,
characterised in that

the NTC resistors (NTC1,NTC2) limit the starting
current with their cold resistance, and the parallel-
connected, series-connected or partially parallel-
connected PTC resistors (PTC1 - PTC4) determine
the maximum current of the auxiliary resistance
heater (W1, W2, W3) with their hot resistance.

A condensation clothes dryer according to one of
claims 1-5,

characterised in that

the auxiliary resistance heater (W1) is installed in a
flow heater (14) between the compressor (8) and
the condenser (7).

A condensation clothes dryer according to one of
claims 1 -5,

characterised in that

the auxiliary resistance heater (W2) is installed in a
bypass (15) of the condenser (7).

A condensation clothes dryer according to one of
claims 1 -5,

characterised in that

the auxiliary resistance heater (W3) is a thermally
conductive, indirectly heating component mounted
orinstalled on or in one or more locations of the con-
denser (7).

A condensation clothes dryer according to one of
claims 2-8,

characterised in that

the maximum temperature of the PTC resistors
(PTC1 - PTC4) of the auxiliary resistance heater
(W1, W2, W3) is only slightly below the operating
temperature of the heat pump.

A condensation clothes dryer according to one of
claims 1-9,

characterised in that

the semiconductor resistors (PTC1 - PTC4) of the
auxiliary resistance heater (W1, W2, W3) are de-
signed as electrically connected plates and are be-
tween points (KK, K1, K1', K2) of the resistance cir-
cuit designed as metal contact plates or metal cool-
ing plates.

A condensation clothes dryer according to claims 4
and 10,

characterised in that

at least one upstream NTC resistor (NTC1, NTC2)
and one downstream PTC resistor (PTC1 - PTC4)
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thermally contact each other via the metal contact
plates or metal cooling plates (K1, K1').

Patentanspriiche

1.

Kondensationswéaschetrockner mit einer Warme-
pumpe und einem geschlossenen Prozessluftkreis,
der von einer Waschetrocknertrommel (1) ausgeht
und Uber einen Verdampfer (11), ein Geblase, einen
Kompressor und einen Kondensator sowie Uber ei-
ne Zusatzwiderstandsheizvorrichtung (W,, W,, W5)
zur Trommel zurtickkehrt,

dadurch gekennzeichnet,

dass die Zusatzwiderstandsheizvorrichtung (Wjy,
W,, W) aus einem oder mehreren Halbleiterwider-
stdnden (PTC,, PTC,, PTC3, PTC,) besteht, die
das KuhImittel fir den Kondensator (7) des Warme-
pumpenkreises aufheizen.

Kondensationswaschetrockner nach Anspruch 1,
dadurch gekennzeichnet,

dass die Halbleiterwiderstande
PTC-Widerstande sind.

(PTC4-PTCy)

Kondensationswaschetrockner nach Anspruch 1
oder 2,

dadurch gekennzeichnet,

dass die PTC-Widersténde (PTC4, PTC,, PTC,,
PTC,) in einer Parallelschaltung, einer Reihen-
schaltung oder einer Teilparalleischaltung angeord-
net sind.

Kondensationswaschetrockner nach Anspruch 3,
dadurch gekennzeichnet,

dass die parallelgeschalteten, reihengeschalteten
oder teilparallelgeschalteten PTC-Widerstande
(PTC4-PTC,) in Reihe mit einem oder mehreren
NTC-Widerstéanden (NTC4, NTC,) geschaltet sind.

Kondensationswéaschetrockner nach Anspruch 4,
dadurch gekennzeichnet,

dass die NTC-Widerstéande (NTC4, NTC,) den Ein-
schaltstrom mit ihrem Kaltwiderstand begrenzen
und dass die parallelgeschalteten, reihengeschal-
teten oder teilparallelgeschalteten PTC-Widerstan-
de (PTC4-PTC,) den maximalen Strom der Zusatz-
widerstandsheizvorrichtung (W, Wy, W3) mitihrem
Heilwiderstand bestimmen.

Kondensationswaschetrockrier nach einem der An-
spriiche 1 bis 5,

dadurch gekennzeichnet,

dass die Zusatzwiderstandsheizvorrichtung (W) in
einer Strémungsheizvorrichtung (14) zwischen
dem Kompressor (8) und dem Kondensator (7) an-
geordnet ist.
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Kondensationswaschetrockner nach einem der An-
spriiche 1 bis 5,

dadurch gekennzeichnet,

dass die Zusatzwiderstandsheizvorrichtung (W,) in
einem Bypass (15) des Kondensators (7) angeord-
net ist.

Kondensationswaschetrockner nach einem der An-
spriiche 1 bis 5,

dadurch gekennzeichnet,

dass die Zusatzwiderstandsheizvorrichtung (W)
eine thermisch leitende, indirekt geheizte Kompo-
nente ist, die an einer oder mehreren Stellen des
Kondensators (7) befestigt oder angebracht ist.

Kondensationswaschetrockner nach einem der An-
spruche 2 bis 8,

dadurch gekennzeichnet,

dass die maximale Temperatur der PTC-Widerstan-
de (PTC4-PTC,) der Zusatzwiderstandsheizvor-
richtung (W4, W5, W3) nur etwas unterhalb der Be-
triebstemperatur der Warmepumpe liegt.

Kondensationswéaschetrockner nach einem der An-
spriche 1 bis 9,

dadurch gekennzeichnet,

dass die Halbleiterwiderstande (PTC4-PTC,) der
Zusatzwiderstandsheizvorrichtung (W,, W,, W;)
als elektrisch verbundene Platten ausgebildet sind
und zwischen Punkten (KK, K4, Ky, Ky) der Wider-
standsschaltung liegen, wobei diese Punkte als
Metallkontaktplatten oder Metallkihlplatten ausge-
bildet sind.

Kondensationswaschetrockner nach den Anspri-
chen 4 und 10,

dadurch gekennzeichnet,

dass mindestens ein stromaufwarts angeordneter
NTC-Widerstand (NTC4, NTC,) und ein stromab-
warts angeordneter PTC-Widerstand (PTC4-PTC,)
miteinander Uber die Metallkontaktplatten oder Me-
tallkdhlplatten (K4, K;') thermisch in Verbindung
stehen.

Revendications

Séche-linge a condensation comportant une pom-
pe a chaleur et un circuit fermé d'air de traitement,
qui s'étend depuis un tambour (1) du séchoir et re-
vient a ce dernier en passant par un évaporateur
(11), un ventilateur et un condenseur ainsi qu'un
dispositif auxiliaire de chauffage ohmique (W1, W2,
W3), caractérisé en ce que

le dispositif auxiliaire de chauffage ohmique
(W1, W2, W3) est constitué d'une ou de plusieurs
résistances semiconductrices (PTC1,PTC2, PTC3,
PTC4), qui chauffent le fluide de refroidissement
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pour le condenseur (7) du circuit de la pompe a cha-
leur.

Seche-linge a condensation selon la revendication
1, caractérisé en ce que les résistances semicon-
ductrices (PTC1-PTC4) sont des résistances PTC
a coefficient de température positif.

Seche-linge a condensation selon la revendication
1 ou 2, caractérisé en ce que les résistances PTC
(PTC1, PTC2, PTC3, PTC4) sont connectées en
paralléle, connectées en série ou connectées par-
tiellement en paralléle.

Seche-linge a condensation selon la revendication
3, caractérisé en ce que les résistances PTC
(PTC1-PTC4) connectées en paralléle, connectées
en série ou connectées partiellement en paralléle,
sont connectées en série avec une ou plusieurs ré-
sistances NTC a coefficient de température négatif
(NTC1, NTC2).

Seche-linge a condensation selon la revendication
4, caractérisé en ce que les résistances NTC
(NTC1, NTC2) limitent le courant de démarrage
avec leur résistance a froid, et les résistances PTC
(PTC1-PTC4), connectées en paralléle, connec-
tées en série ou connectées partiellement en paral-
lele déterminent le courant maximum du dispositif
auxiliaire de chauffage ohmique (W1, W2, W3) avec
leur résistance a chaud.

Seche-linge a condensation selon I'une quelconque
des revendications 1 a 5, caractérisé en ce que le
dispositif auxiliaire de chauffage ohmique (W1) est
installé dans un dispositif de chauffage a circulation
(14) installé entre le compresseur (8) et le conden-
seur (7).

Seche-linge a condensation selon I'une des reven-
dications 1 a 5, caractérisé en ce que le dispositif
auxiliaire de chauffage ohmique (W2) est installé
dans un by-pass (15) du condenseur (7).

Séche-linge a condensation selon l'une des reven-
dications 1 a 5, caractérisé en ce que le dispositif
auxiliaire de chauffage ohmique (W3) est un com-
posant thermoconducteur, réalisant un chauffage
indirect et monté ou installé en un ou plusieurs em-
placements du condenseur (7).

Seche-linge a condensation selon I'une des reven-
dications 2 a 8, caractérisé en ce que la tempéra-
ture maximale des résistances PTC (PTC1-PTC4)
du dispositif auxiliaire de chauffage ohmique (W1,
W2, W3) est seulement légérement inférieure a la
température de fonctionnement de la pompe a cha-
leur.
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10. Séche-linge a condensation selon 'une des reven-

1.

dications 1 a 9, caractérisé en ce que les résistan-
ces semiconductrices (PTC1-PTC4) du dispositif
auxiliaire de chauffage ohmique (W1, W2, W3) sont
agencées sous la forme de plaques connectées
électriquement et sont disposées entre des points
(KK, K1, K1" et K2) du circuit a résistance congu
sous la forme de plaques métalliques de contact ou
de plaques métalliques de refroidissement.

Seéche-linge a condensation selon les revendica-
tions 4 et 10, caractérisé en ce qu'au moins une
résistance NTC amont (NTC1, NTC2) et une résis-
tance PTC aval (PTC1-PTC4) sont placées en con-
tact thermique mutuel par l'intermédiaire des pla-
ques métalliques de contact ou des plaques métal-
liques de refroidissement (K1, K1').
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