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box casing (2) and, inside the casing, a laundry drying
drum (3) for housing the laundry to be dried, and a hot-
air generator (7) for circulating a stream of hot air inside
the drying drum (3); the hot-air generator (7) comprising
an air recirculating conduit (8) connected at both ends to
the laundry drying drum (3), and a heat-pump assembly
(10) which is able to rapidly cool the airflow (f) coming
out from the drying drum (3) for condensing the surplus
moisture in said airflow (f), and then to rapidly heat the
airflow (f) returning back into the drying drum (3); the
heat-pump assembly (10) using the carbon dioxide as
refrigerant, and being designed to maintain the whole
refrigerant in a gaseous state in all the thermodynamic
transformations making up the closed thermodynamic
cycle performed by the heat-pump assembly (10).
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Description

[0001] The presentinventionrelatesto a home laundry
drier.

[0002] More specifically, the present invention relates

to a rotary-drum home laundry drier, to which the follow-
ing description refers purely by way of example.

[0003] As is known, rotary-drum laundry driers com-
prise a substantially parallelepiped-shaped outer box
casing; a cylindrical laundry drying drum housed in axially
rotating manner inside the box casing, directly facing a
laundry loading and unloading opening formed in the
front face of the casing; a door hinged to the front face
of the casing to rotate to and from a rest position closing
the opening in the front face of the casing to seal the
drying drum; and an electric motor for rotating the drying
drum about its longitudinal axis inside the casing.
[0004] Rotary-drum laundry driers of the above type
also comprise a closed-circuit, hot-air generator de-
signed to circulate inside the drying drum a stream of hot
air with a low moisture content, and which flows through
the drying drum and over the laundry inside the drum to
rapidly dry the laundry.

[0005] In some recently marketed driers, the closed-
circuit, hot-air generator comprises an air recirculating
conduit having its two ends connected to the drying drum,
on opposite sides of the latter; an electric centrifugal fan
or similar located along recirculating conduit to produce,
inside the recirculating conduit, an airflow which flows
through the drying drum; and finally a heat-pump assem-
bly having its two heat exchangers located one after the
other, along the air recirculating conduit. The first air/
refrigerant heat exchanger of the heat-pump assembly
provides for rapidly cooling the airflow arriving from the
drying drum to condense the surplus moisture in the air-
flow; whereas the second air/refrigerant heat exchanger
of the heat-pump assembly provides for rapidly heating
the airflow arriving from the first heat exchanger and di-
rected back to the drying drum, so that the airflow re-
entering into the drying drum is heated rapidly to a tem-
perature higher than or equal to that of the air flowing out
of the drying drum.

[0006] More specifically, the heat-pump assembly of
the hot-air generator generally comprises:

- a refrigerant compressing device which subjects a
refrigerant in the gaseous state to compression, so
that refrigerant pressure and temperature are much
higher at the outlet than at the inlet of the compress-
ing device;

- afirst air/refrigerant heat exchanger, commonly re-
ferred to as the condenser, through which the refrig-
erant coming out from the compressing device and
the airflow entering into the drying tub flow simulta-
neously, and which is designed so that the refrigerant
releases heat to the airflow entering into the drying
drum, while at the same time condensing in the liquid
state;
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- asecond air/refrigerant heat exchanger, commonly
referred to as the evaporator, through which the re-
frigerant flowing to the compressing device and the
airflow coming out from the drying drum flow simul-
taneously, and which is designed so that the refrig-
erant absorbs heat from the airflow arriving from dry-
ing drum to cause condensation of the surplus mois-
ture in the airflow, while at the same time completely
turning back into the gaseous state; and

- a refrigerant expansion device which subjects the
refrigerant flowing from the condenser to the evap-
orator to a rapid expansion, so that pressure and
temperature of the refrigerant entering in the evap-
orator are much lower than pressure and tempera-
ture of the refrigerant coming out from the condens-
er, thus turning the refrigerant back into the gaseous
state and completing the closed thermodynamic cy-
cle in opposition to the compressing device, which
provides for rapidly compressing the refrigerant.

[0007] Obviously, evaporator and condenser of the
heat-pump assembly are located along the air recirculat-
ing conduit, so as that the evaporator provides for rapidly
cooling the airflow arriving from the drying drum to con-
dense the surplus moisture in the airflow, and the con-
denser provides for rapidly heating the airflow arriving
from the evaporator and directed back to the drying drum,
so that the airflow entering into the drying drum is heated
rapidly to a temperature higher than or equal to that of
the same air flowing out of the drying drum.

[0008] To improve heat exchange capabilities in the
condenser of the heat-pump assembly for shortening the
drying cycle of the laundry drier, US patent application
US2005086827 envisages the use of the carbon dioxide
as refrigerant in the heat-pump assembly, and also to
keep the carbon dioxide in the gaseous state on the high
pressure side of the heat-pump assembly.

[0009] In other words, the carbon dioxide has a super-
critical pressure along the first heat exchanger of the
heat-pump assembly, and turns into a two-phase state
in the throttling valve located downstream of the first heat
exchanger of the heat-pump assembly. The first heat ex-
changer, therefore, works as a normal gas cooler.
[0010] Itisanobjectofthe presentinventiontoimprove
energy efficiency of the above cited closed-circuit, heat-
pump-type, hot-air generator using carbon dioxide as re-
frigerant.

[0011] According to the presentinvention, there is pro-
vided a home laundry drier as claimed in Claim 1 and
preferably, though not necessarily, in any one of the
Claims depending directly or indirectly on Claim 1.
[0012] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

- Figure 1 shows a side view, with parts in section and
parts removed for clarity, of a home laundry drier in
accordance with the teachings of the present inven-
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tion;

- Figures 2is the temperature-entropy chart of the car-
bon dioxide disclosing a possible working curve of
the closed thermodynamic cycle implemented by the
heat-pump assembly of the Figure 1 home laundry
drier.

[0013] With reference to Figure 1, number 1 indicates
as a whole a home laundry drier comprising a preferably,
though not necessarily, parallelepiped-shaped outer box
casing 2; a preferably, though not necessarily, cylindrical
bell-shaped laundry drying drum 3 for housing the laun-
dry to be dried, and which is fixed in axially rotating man-
ner inside casing 2, directly facing a laundry loading and
unloading opening 2a formed in the front face of casing
2; and a door 4 hinged to the front face of casing 2 to
rotate to and from a rest position closing opening 2a in
the front face to seal laundry drum 3.

[0014] More specifically, in the example shown drying
drum 3 rests horizontally inside casing 2 on a number of
horizontal supporting rollers 5 which are fitted to casing
2 to let drying drum 3 freely rotate about its longitudinal
axis L.

[0015] Casing 2, drying drum 3, door 4 and supporting
rollers 5 are commonly known parts in the industry, and
therefore not described in detail.

[0016] Withreference to the attached drawing, laundry
drier 1 also comprises a motor assembly 6 for rotating,
on command, drying drum 3 about its longitudinal axis L
inside casing 2; and a closed-circuit, hot-air generator 7
housed inside casing 2 and designed to circulate through
drying drum 3 a stream of hot air having a low moisture
level, and which flows over and rapidly dries the laundry
inside drum 3.

[0017] More specifically, closed-circuit, hot-air gener-
ator 7 provides for gradually drawing air from drying drum
3; extracting surplus moisture from the hot air drawn from
drying drum 3; heating the dehumidified air to a prede-
termined temperature, normally higher than the temper-
ature of the air from drying drum 3; and feeding the heat-
ed, dehumidified air back into drying drum 3, where it
flows over, to rapidly dry, the laundry inside the drum.
[0018] In other words, hot-air generator 7 provides for
continually dehumidifying and heating the air circulating
inside drying drum 3 to rapidly dry the laundry inside the
drum, and substantially comprises:

an air recirculating conduit 8, the two ends of which
are connected to drying drum 3 on opposite sides of
the latter;

a centrifugal fan 9, or other type of air circulating
pump, located along recirculating conduit 8 to pro-
duce, inside recirculating conduit 8, an airflow f which
flows into drying drum 3 and over the laundry inside
drum 5; and

a heat-pump assembly 10 which is able to rapidly
cool the airflow f coming out from drying drum 3 for
condensing the surplus moisture in the airflow f, and

10

15

20

25

30

35

40

45

50

55

then to rapidly heat the airflow f returning back into
drying drum 3, so that the airflow entering into drying
drum 3 is heated rapidly to a temperature higher than
or equal to that of the same air flowing out of the
drying drum.

[0019] More specifically, in the example shown the in-
take end of recirculating conduit 8 is integrated in door
4, and is faced to the front opening of drying drum 3; the
end wall 3a of drying drum 3 is perforated, or at any rate
permeable to air, to permit air entry into drum 3; and the
exhaustend of recirculating conduit 8 is coupled in airtight
manner directly to the end wall 3a of drying drum 3.
[0020] As regards electric centrifugal fan 9, it is struc-
tured to produce an airflow f flowing, along recirculating
conduit 8, from the intake end of recirculating conduit 8,
i.e. door 4, to the exhaust end of recirculating conduit 8,
i.e. perforated end wall 3a of drying drum 3.

[0021] With reference to Figure 1, heat-pump assem-
bly 10 operates in the same way as a traditional heat-
pump - which is capable of transferring heat from one
fluid to another using an intermediate gaseous refrigerant
subjected to a closed thermodynamic cycle, the thermo-
dynamic principles of which are widely known and there-
fore not described in detail - and comprises:

a refrigerant compressing device 11 which subjects
a gaseous refrigerant to compression (e.g. adiabatic
compression) so that refrigerant pressure and tem-
perature are much higher at the outlet than at the
inlet of compressing device 11;

a first air/refrigerant heat exchanger 12 which is lo-
cated along recirculating conduit 8 - preferably,
thought not necessarily, downstream of centrifugal
fan 9 - and is designed so that the airflow f from
drying drum 3 and the refrigerant flowing to the inlet
of compressing device 11 flow through it simultane-
ously, allowing the refrigerant having a temperature
lower than that of the airflow f, to absorb heat from
the airflow f thus causing condensation of the surplus
moisture in the airflow f;

a second air/refrigerant heat exchanger 13 which is
located along recirculating conduit 8, downstream of
air/refrigerant heat exchanger 12, and is designed
so that the airflow f directed to drying drum 3 and the
refrigerant from the outlet of compressing device 11
flow through it simultaneously, allowing the refriger-
ant having a temperature greater than that of the
airflow f to release heat to the airflow f, thus rapidly
heating the airflow f to a temperature higher than of
the airflow f coming out of the air/refrigerant heat
exchanger 12, and preferably, thought not necessar-
ily, also higher or equal to the temperature of the
airflow f coming out of drying drum 3; and

a throttling valve or similar refrigerant expansion de-
vice 14 which subjects the refrigerant flowing from
the second air/refrigerant heat exchanger 13 to the
first air/refrigerant heat exchanger 12 to a rapid ex-
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pansion, so that pressure and temperature of the
refrigerant entering in air/refrigerant heat exchanger
12 are much lower than pressure and temperature
of the refrigerant coming out from air/refrigerant heat
exchanger 13, thus completing the closed thermo-
dynamic cycle in opposition to the compressing de-
vice 11, which provides for rapidly compressing the
refrigerant.

[0022] Likewise heat-pump assembly of traditional
closed-circuit, heat-pump-type hot-air generators, refrig-
erant compressing device 11, first air/refrigerant heat ex-
changer 12, second air/refrigerant heat exchanger 13
and refrigerant expansion device 14 are connected one
to the other via suitable connecting pipes, so as to form
a closed circuit allowing the refrigerant coming out from
the outlet of compressing device 11 to flow, in sequence,
through air/refrigerant heat exchanger 13, refrigerant ex-
pansion device 14 and air/refrigerant heat exchanger 13,
before returning to the inlet of compressing device 11.
[0023] Moreover, similarly to heat-pump assembly of
the closed-circuit, heat-pump-type hot-air generator dis-
closed in US patent application US2005086827, heat-
pump assembly 10 of drier 1 uses carbon dioxide as re-
frigerant but, differently from any other home laundry dri-
er, heat-pump assembly 10 is designed to maintain the
whole refrigerant, i.e. the carbon dioxide, in a gaseous
state in all the thermodynamic transformations making
up the closed thermodynamic cycle performed by the
heat-pump assembly 10.

[0024] In other words, refrigerant compressing device
11, first air/refrigerant heat exchanger 12, second air/
refrigerant heat exchanger 13 and refrigerant expansion
device 14 are structured to prevent the carbon dioxide
from undergoing a phase transformation (from a single-
phase state to a two-phase state) along the whole closed
circuit formed by refrigerant compressing device 11, first
air/refrigerant heat exchanger 12, second air/refrigerant
heat exchanger 13 and refrigerant expansion device 14.
[0025] More specifically, with reference to Figure 2,
refrigerant compressing device 11, first air/refrigerant
heat exchanger 12, second air/refrigerant heat exchang-
er 13 and refrigerant expansion device 14 are designed
so as that all thermodynamic transformations making up
the closed thermodynamic cycle performed by heat-
pump assembly 10 - i.e. the refrigerant compression a-
b, the refrigerant cooling b-c, the refrigerant rapid expan-
sion c-d and the refrigerant heating d-a - remain above
the saturation curve s of the carbon dioxide temperature-
entropy chart.

[0026] Inotherwords, the closed thermodynamic cycle
performed by heat-pump assembly 10 is a totally super-
critical closed thermodynamic cycle, and the carbon di-
oxide has a supercritical pressure both in the highpres-
sure side (i.e. air/refrigerant heat exchanger 13) and in
the low-pressure side (i.e. air/refrigerant heat exchanger
12) of the heat-pump assembly 10.

[0027] With reference to Figure 1, like any other re-
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cently marketed electric household appliance, home
laundry drier 1 finally comprises an electronic central con-
trol unit 15 which controls electric motor assembly 6, cen-
trifugal fan 9, and heat-pump assembly 10 - or, rather,
compressing device 11 - in predetermined manner, as
memorized inside it, to perform the user-selected drying
cycle.

[0028] General operation of home laundry drier 1 is
clearly inferable from the above description, with no fur-
ther explanation required.

[0029] The use a heat-pump assembly performing a
totally supercritical closed thermodynamic cycle with the
carbon dioxide as refrigerant has lots of unexpected ad-
vantages. Laboratory tests, in fact, revealed that the pro-
files of gaseous carbon dioxide temperatures both in the
highpressure side (i.e. air/refrigerant heat exchanger 13)
and in the low-pressure side (i.e. air/refrigerant heat ex-
changer 12) of the heat-pump assembly 10 tailor perfect-
ly to the air-temperature trends of the airflow f circulating
in the two consecutive sections of recirculating conduit
8, thus significantly improving the exergetic efficiency of
the heat transfer process.

[0030] This improvement of the exergetic efficiency
leads to an unexpected outstanding improvement of the
overall energy efficiency of the laundry drier, drastically
reducing energy consumption.

[0031] In fact, being the same the amount of the heat
exchanged, heat-pump assembly 10 operates with a
higher value of the refrigerant pressure along the low
pressure side of the heat-pump assembly 10, thus dras-
tically reducing energy consumption of refrigerant com-
pressing device 11.

[0032] Clearly, changes may be made to home laundry
drier 1 as described herein without, however, departing
from the scope of the present invention.

[0033] For example, home laundry drier 1 may be in-
tegrated in a laundry washing machine, thus obtaining a
laundry washing/drying machine.

[0034] Inwhichcase, dryingdrum 3 is housed in axially
rotating manner into an airtight, preferably, though not
necessarily, cylindrical laundry drying tub or chamber,
which is fixed substantially horizontally inside casing 2,
directly facing the laundry loading and unloading opening
2a formed in the front face of casing 2; and door 4 is
hinged to the front face of casing 2 for rotating to and
from a rest position closing opening 2a in the front face
to seal the laundry drying tub.

Claims

1. A home laundry drier (1) comprising an outer box
casing (2) and, inside the casing, a laundry drying
container (3) for housing the laundry to be dried, and
a hot-air generator (7) for circulating a stream of hot
air inside said laundry drying container (3); said hot-
air generator (7) comprising an air recirculating con-
duit (8) connected at both ends to said laundry drying
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container (3), and a heat-pump assembly (10) which
is able to rapidly cool the airflow (f) coming out from
the laundry drying container (3) for condensing the
surplus moisture in said airflow (f), and then to rapidly
heat the airflow (f) returning back into said laundry
drying container (3); said home laundry drier (1) be-
ing characterized in that said heat-pump assembly
(10) uses the carbon dioxide as refrigerant, and that
said heat-pump assembly (10) is designed to main-
tain the whole refrigerant in a gaseous state in all
the thermodynamic transformations making up the
closed thermodynamic cycle performed by the heat-
pump assembly (10).

A home laundry drier as claimed in Claim 1, char-
acterized in that said heat-pump assembly (10)
comprises a refrigerant compressing means (11) for
compressing a refrigerant so that the pressure and
temperature of the refrigerant at the outlet of the com-
pressing means (11) are higher than the pressure
and temperature of the refrigerant at the inlet of said
compressing means (11); a first air/refrigerant heat
exchanger (12) which is located along the recircu-
lating conduit (8) and is designed so that the refrig-
erant flowing to the inlet of the refrigerant compress-
ing means (11) and the airflow (f) from the laundry
drying container (3) flow through it simultaneously,
allowing the refrigerant to absorb heat from the air-
flow (f); a second air/refrigerant heat exchanger (13)
which is located along recirculating conduit (8),
downstream of said first air/refrigerant heat ex-
changer (12), and is designed so that the refrigerant
from the outlet of the refrigerant compressing means
(11) and the airflow (f) directed to the laundry drying
container (3) flow through it simultaneously, allowing
the refrigerant to release heat to the airflow (f); and
a refrigerant expansion device (14) which subjects
the refrigerant flowing from the second air/refrigerant
heat exchanger (13) to the first air/refrigerant heat
exchanger (12) to a rapid expansion, so that pres-
sure and temperature of the refrigerant entering in
the first air/refrigerant heat exchanger (12) are much
lower than pressure and temperature of the refriger-
ant coming out from the second air/refrigerant heat
exchanger (13).

A home laundry drier as claimed in Claim 1 or 2,
characterized in that said hot-air generator (7) also
comprises ventilating means (9) able to produce,
along said recirculating conduit (8), an airflow (f)
which flows through the laundry drying container (3).

A home laundry drier as claimed in Claim 3, char-
acterized in that said first air/refrigerant heat ex-
changer (12) is located along the recirculating con-
duit (8), downstream of said ventilating means (9).

A home laundry drier as claimed in any of the forgo-
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ing Claims, characterized in that said laundry dry-
ing container (3) is a substantially cylindrical bell-
shaped drum (3) fixed in axially rotating manner in-
side the outer box casing (2) of the drier.

A home laundry drier as claimed in Claim 5, char-
acterized in that it also comprises driving means
(6) for rotating, on command, said bell-shaped drum
(3) about its longitudinal axis (L).
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