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(54) Laundry dryer machine with improved condenser cooling system

(57) The present invention concerns a laundry dryer
(11), comprising:
- a rotary drum (13) with a cavity (41) for receiving the
laundry to be dried,
- heating means (14) for heating the drying air,
- a condenser (15) for removing moisture from the drying
air,
- conveying means (16) for successively circulating the
drying air through the drum (13), the condenser (15) and
the heating means (14).
The laundry dryer (11) comprises a hydraulic circuit
(43-48) for feeding a cooling liquid to the condenser (15).
Said hydraulic circuit (43-48) includes a heat exchanger
(32) for cooling the cooling liquid and is hydraulically con-
nected to the condenser (15) to form a closed circuit
therewith.
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Description

[0001] The present invention relates to a rotary-drum
laundry dryer, particularly for household use.
[0002] It is known in the art to provide laundry dryer
machines comprising a rotary drum designed to receive
the laundry to be dried, means for heating the drying air
and a condenser for removing the moisture contained in
the drying air at the exit of the rotary drum. These parts
are arranged within an outer casing of the household
appliance.
[0003] The machine also comprises a special fan
which successively circulates the drying air through the
drum, the condenser and the heating means (typically
an electrical resistor) during operation of the apparatus.
[0004] Prior art machines of this type have a rather
high power consumption for each working cycle, due to
the power required for driving fans, motors and particu-
larly for the resistor that heats the drying air.
[0005] Furthermore, in prior art machines, the con-
denser is cooled by air, by means of a special fan that
conveys air drawn from the outside environment towards
the condenser. This configuration does not always afford
a quick and satisfactory condensation of the moisture
carried by the drying air at the exit of the drum, and this
may involve a relatively slow and inefficient laundry dry-
ing process.
[0006] In view of the above state of the art, the object
of the present invention is to provide a laundry dryer ma-
chine that is capable of affording effective condensation
of the moisture contained in the drying air, and of ensuring
a quick and efficient laundry drying process.
[0007] A further object of the invention is to provide a
laundry dryer machine that affords satisfactory energy
savings.
[0008] Another object of the invention is to provide a
machine that affords high performances, while maintain-
ing a relatively simple structure and a relatively low cost.
[0009] According to the present invention, this object
is fulfilled by a laundry dryer machine comprising:

- a rotary drum with a cavity for receiving the laundry
to be dried,

- heating means for heating a drying air,
- a condenser for removing moisture from the drying

air,
- conveying means for successively circulating the

drying air through the drum, the condenser and the
heating means,

characterized in that it comprises a hydraulic circuit which
is hydraulically connected to the condenser to form a
closed hydraulic circuit in which a condenser cooling liq-
uid circulates during operation, said hydraulic circuit com-
prising a heat exchanger for cooling the cooling liquid
and means for circulating the cooling liquid through the
condenser and the heat exchanger.
[0010] The features and advantages of the present in-

vention will appear from the following detailed description
of two practical embodiments, which are given by way of
example and without limitation with reference to the an-
nexed drawings, in which:

- Figure 1 is a general perspective view of a laundry
dryer machine of the invention,

- Figure 2 is a plan view of the machine of Figure 1,
with certain parts omitted to show the interior parts,

- Figure 3 is an elevational view of the machine of the
preceding figures, with certain parts omitted to show
the interior parts,

- Figure 4 is a view of an alternative embodiment of a
laundry dryer machine of the invention;

- Figure 5 shows the curve of the temperatures of dry-
ing air (t3-t4) and cooling water (T3-T4) in the con-
denser, in the case of the first embodiment of the
invention as described herein;

- Figure 6 shows the curve of the temperatures of dry-
ing air (t1-t2) and cooling water (T1-T2) in the heat
exchanger downstream from the condenser, in the
case of the first embodiment of the invention as de-
scribed herein.

[0011] Figures 1-3 show a laundry dryer machine 11
having an outer casing 12, with a rotary drum 13, a con-
denser 15 and drying air heating means 14 arranged
therein.
[0012] The rotary drum 13 has a cavity 41 (Fig. 3) for
receiving the laundry to be dried, and is rotated, during
operation, by known motor means, about a substantially
horizontal axis.
[0013] The drum 13 has a front opening 50 (Fig. 1),
through which the laundry may be loaded and unloaded
into and from the drying cavity 41.
[0014] An opening is formed on the front 54 of the cas-
ing 12, for the user to access the interior of the drum 13
therethrough (Fig. 3). The opening 25 can be closed by
a door, preferably formed as a window 39 hinged to the
casing 12 of the household appliance, with a container
32 for collecting condensed water possibly mounted
thereto.
[0015] In operation, the heating means 14 have the
task of heating the drying air circulating in the household
appliance. Preferably, these means are formed as an
electrical resistor 14 disposed on the back of the machine
12, i.e. on the side opposite to the front side 54.
[0016] In operation, the condenser 15 has the task of
removing moisture from the drying air at the exit of the
drum 13. The condenser 15 is advanatgeously placed
under the drum 13.
[0017] The laundry dryer 11 also comprises conveying
means 16 for successively circulating the drying air
through the rotary drum 13, the condenser 15 and the
heating means 14. These conveying means preferably
include a fan 16 placed downstream from the condenser
15 and upstream from the heating means 14.
[0018] Advantageously, a filtering conduit 26 is inter-
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posed between the drying air outlet of the drum 14 (at
the lower end of the opening 50) and the inlet to the con-
denser 15, for the drying air stream to flow therethrough.
[0019] A collection tank 30 for condensed water is
placed downstream from the condenser 15. The water
collected in this tank is conveyed towards the collection
container 32 via a special pump and a conduit 33 (Fig. 1).
[0020] The laundry dryer machine 11 also comprises
a hydraulic circuit 43-48, in which a liquid for cooling the
condenser 15, preferably water, circulates.
[0021] The hydraulic circuit 43-48 and the condenser
15 form a closed hydraulic circuit.
[0022] The hydraulic circuit 43-48 comprises an ex-
changer 43 for cooling the cooling liquid and means 45
for circulating the cooling liquid through the condenser
15 and the exchanger 43.
[0023] The exchanger 43 is preferably cooled with air.
A fan 17 is provided for this purpose, which draws air
from outside the machine 11 and causes it to flow through
the exchanger 43. Advantageously, the air for cooling
the exchanger 43 is admitted through an opening 53
formed in the front face 54 of the casing of the machine
(Fig. 3). Then, the air for cooling the exchanger 43 is
exhausted from the machine through the bottom opening
49 (Fig. 3).
[0024] The fan 17 is advantageously placed down-
stream from the exchanger 43, with respect to the cooling
air stream. Preferably, such fan 17 is rotated by a motor
42 which also has connected thereto the fan 16 for cir-
culating the drying air in the machine (Fig. 2).
[0025] The exchanger 43 may be advantageously
formed as a tube bundle, e.g. a serpentine, for the cooling
liquid to flow therein.
[0026] The presence of the hydraulic circuit for cooling
the condenser 15 affords quick and effective condensa-
tion of moisture contained in the drying air.
[0027] In a preferred embodiment of the invention, the
hydraulic circuit also comprises a second exchanger 44,
located at the drying air outlet of the condenser 15.
[0028] The second condenser 44 is designed to heat
the drying air before reintroduction thereof into the drum
13, by utilizing the heat that the cooling water has stored
in the condenser 15. This exchanger 44 is fed with the
water that comes from the condenser 15 through the con-
duit 46.
[0029] The conduit 46 is fitted with the hydraulic pump
45, which circulates the cooling liquid in the hydraulic
circuit.
[0030] The conduit 47 carries the cooling liquid that
comes out of the exchanger 44 to the exchanger 43,
where water is cooled with air.
[0031] Then, the conduit 48 carries the cold cooling
liquid from the exchanger 43 to the condenser 15.
[0032] The condenser 15 is preferably formed as a
tube bundle with the cooling liquid flowing therein. The
flow of cooling liquid is directed countercurrent to the dry-
ing air stream in the condenser 15.
[0033] Advantageously, the temperature of the cooling

liquid that comes out of the condenser 15 is higher than
the temperature of the drying air that comes out of the
condenser. This allows recovery of part of the heat re-
leased to the cooling liquid to pre-heat the drying air,
before introduction thereof into the drum 13.
[0034] In Figure 5, numeral 63 designates the curve
of temperatures T3-T4 of water in the condenser 15 and
numeral 62 designates the curve of temperatures t3-t4
of air in the condenser 15.
[0035] The temperature T3 of water as it enters the
condenser 15 preferably ranges from 25°C to 35°C, and
is particularly 30°C. The temperature t3 of air as it enters
the condenser 15 ranges from 65°C to 75°C, and is ad-
vantageously 70°C. Air is relatively hot as it exits the
drum, whereas the cooling water is relatively cold as it
exits the exchanger 43.
[0036] In the condenser 15, air is cooled, thereby re-
leasing heat to the cooling water, and the moisture con-
tained therein is condensed.
[0037] At the exit of the condenser, the cooling water
is heated to a temperature from 60°C to 70°C, preferably
about 65°C. On the other hand, the drying air at the exit
of the condenser 15 has a temperature from 50°C to
60°C, advantageously about 55°C.
[0038] In Figure 6, numeral 60 designates the curve
of temperatures T1-T2 of water in the condenser 44 and
numeral 61 designates the curve of temperatures t1-t2
of the drying air in the condenser 44.
[0039] The temperature T1 of water as it enters the
exchanger 44 corresponds to its temperature as it exits
the condenser, i.e. from 60°C to 70°C. Likewise, the tem-
perature t1 of the drying air as it enters the exchanger
44 is equal to its temperature as it exits the condenser,
i.e. from 50°C to 60°C. Thus, the drying air is preheated
before being introduced into the drum 13. This provides
energy savings, as the resistor 14 is required to add a
smaller amount of heat to the drying air to reach the ap-
propriate operating temperature in the drum 13.
[0040] At the exit of the exchanger 44, the drying air
has a temperature t2 from 55°C to 65°C, preferably about
60°C. The cooling water at the exit of the exchanger 44
has a temperature from 53°C to 63°C, preferably about
58°C.
[0041] Then, as the cooling liquid flows through the
exchanger 43, its temperature is reduced by at least
25°C.
[0042] Preferably, a collection tank 52, as shown in
Figure 4, may be located below the exchanger 43, to
collect any condensation water formed in the exchanger
43.
[0043] Advantageously, the exchanger 43 is located
in the proximity of the front wall 54 of the machine casing
12.
[0044] Preferably, the exchanger 44 is in such position
as to substantially cover the whole extension of the drying
air outlet of the condenser 15. The drying air stream in
the condenser 15 and the exchanger 44 has a substan-
tially horizontal orientation.
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[0045] In an alternative embodiment of the invention,
the second exchanger 44 might be omitted. Such ar-
rangement is shown in Figure 4, where the parts that
correspond to parts of the first embodiment are desig-
nated by the same numerals, increased by 100. In this
case, the cooling water that comes out of the condenser
115 is directly conveyed through the conduit 147 to the
air-cooled exchanger 143.
[0046] The above clearly shows that the objects of the
present invention have been fulfilled.
[0047] A laundry dryer machine has been provided,
which affords effective condensation of moisture con-
tained in the drying air. The laundry drying cycle is thus
particularly quick and efficient.
[0048] Furthermore, due to the countercurrent flows in
the condenser, the temperature of the drying air as it exits
the condenser may be lower than the temperature of the
cooling liquid as it exits from the condenser. This provides
heat for heating the drying air before reintroduction there-
of into the drum.
[0049] Therefore, the second heat exchanger 44 al-
lows recovery of part of the heat collected from the cool-
ing liquid in the condenser while condensing the moisture
contained in the drying air.
[0050] This affords general energy savings in the ma-
chine, because the air heating resistor may be allowed
to operate at lower power.
[0051] Also, the structure of the machine is relatively
simple and cost-effective. The fan that cools the ex-
changer 43 may be driven by the motor that also rotates
the fan for circulating the drying air in the machine.
[0052] Those skilled in the art will obviously appreciate
that a number of changes and variants may be made to
the arrangements as described hereinbefore to meet in-
cidental and specific needs, without departure from the
scope of the invention, as defined in the following claims.

Claims

1. A laundry dryer machine comprising:

- a rotary drum (13) with a cavity (41) for receiv-
ing the laundry to be dried,
- heating means (14) for heating a drying air,
- a condenser (15) for removing moisture from
the drying air,
- conveying means (16) for successively circu-
lating the drying air through the drum (13), the
condenser (15) and the heating means (14),

characterized in that it comprises a hydraulic circuit
(43-48) which is hydraulically connected to the con-
denser (15) to form a closed hydraulic circuit in which
a condenser cooling liquid circulates, said hydraulic
circuit comprising a heat exchanger (43) for cooling
the cooling liquid and means (45) for circulating the
cooling liquid through the condenser (15) and the

heat exchanger (43).

2. A machine as claimed in claim 1, characterized in
that within the condenser (15) the flow of cooling
liquid is directed countercurrent to the drying air
stream.

3. A machine as claimed in one or more of the preced-
ing claims, characterized in that the condenser (15)
is formed as a tube bundle exchanger, the cooling
liquid flowing in the tubes of the tube bundle.

4. A machine as claimed in one or more of the preced-
ing claims, characterized in that said heat ex-
changer (43) is cooled with air, means (17) being
provided for causing cooling air to flow in the ex-
changer (43).

5. A machine as claimed in one or more of the preced-
ing claims, characterized in that the temperature
of the cooling liquid that comes out of the condenser
(15) is higher than the temperature of the drying air
that comes out of the condenser (15).

6. A machine as claimed in one or more of the preced-
ing claims, characterized in that the hydraulic cir-
cuit has a second heat exchanger (44) located in the
proximity of the drying air outlet of the condenser
(15) for heating the drying air, said second exchang-
er (44) being connected in said hydraulic circuit
downstream from the condenser (15) and upstream
from the first heat exchanger (43).

7. A machine as claimed in one or more of the preced-
ing claims, characterized in that the temperature
of the cooling liquid changes from a value of 25°C -
35°C as it enters the condenser (15) to a value of
60°C - 70°C as it exits the condenser (15).

8. A machine as claimed in one or more of the preced-
ing claims, characterized in that the temperature
of the drying air changes from a value of 65°C - 75°C
as it enters the condenser (15) to a value of 50°C -
60°C as it exits the condenser (15).

9. A machine as claimed in one or more of the preced-
ing claims, characterized in that, in the second heat
exchanger (44), the drying air is heated so that its
temperature increases of 5°C - 15°C.

10. A machine as claimed in one or more of the preced-
ing claims, characterized in that the cooling liquid
is cooled by at least 25°C through said first exchang-
er (43).

11. A machine as claimed in one or more of the preced-
ing claims, characterized in that it has a first fan
(17) for conveying cooling air to the first exchanger
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(43) of the hydraulic circuit, and a second fan (16)
for circulating the drying air in the machine, said two
fans (16, 17) being rotated by the same motor (42).

12. A machine as claimed in one or more of the preced-
ing claims, characterized in that said means for
circulating the cooling liquid in the hydraulic circuit
include a pump.
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