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Description

Background of the invention

Field of the invention

[0001] The presentinvention relates to appliances for
treating articles, andis in particular directed to appliances
for treating laundry, like laundry washers and laundry
washers/dryers.

Overview of the related art

[0002] Appliances for drying laundry, like laundry dry-
ers (tumble dryers) and laundry washers/dryers, gener-
ally comprise a drying chamber for accommodating
therein the laundry to be dried. A heated and dehumidi-
fied drying medium, typically air, is guided through the
drying chamber. Upon passing through the drying cham-
ber and laundry, the heated and dehumidified drying me-
dium takes up humidity and at the same time cools down.
The drying medium then exits the drying chamber, there-
by discharging humidity from the drying chamber and the
laundry.

[0003] Inordertoimprove the energy efficiency of such
appliances, it is known to use heat pumps. In this way,
residual heat from the drying medium exiting the drying
chamber can be extracted therefrom and transferred
again to the drying medium before it re-enters the drying
chamber.

[0004] Heatpumps generally operate with refrigerants
as working fluids.

[0005] Known fluids that are currently used as refrig-
erants in heat pump tumble dryers belong to different
chemical families, such as HydroChloroFluoroCarbons
(HCFC), HydroFluoroCarbons (HFC), hydrocarbons,
and can be pure fluids or blends of fluids.

Summary of the invention

[0006] The choice of the fluid to be used as refrigerant
in a heat pump appliance for treating articles drastically
affects the performance of the appliance, because of the
thermal properties of the refrigerant.

[0007] The Applicant has found that the performance
of a heat pump appliance for treating articles, in particular
laundry or tableware, like laundry washers, laundry
washers/dryers, laundry dryers, dishwashers, are greatly
enhanced if the fluid used as the refrigerant in the heat
pump has a high level of glide.

[0008] The glide is the difference between the temper-
ature of the saturated vapor (the "dew point temperature"
or "dew temperature") and the temperature of the satu-
rated liquid (the "bubble point temperature" or "bubble
temperature"), at a fixed pressure level, or at the dew
temperature of the refrigerant fluid, or at the bubble tem-
perature of the refrigerant fluid.

[0009] Pure fluids or azeotropic blends are character-
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ized by the fact that the temperature stays at a constant
level during the isobaric change of phases (evaporation
and condensation). Thus, in pure fluids or azeotropic
blends the temperature of the saturated vapor (dew tem-
perature) and the temperature of the saturated liquid
(bubble temperature) coincide, so these fluids have an
essentially zero glide level.

[0010] Zeotropic blends are instead characterized by
the fact that the temperature does not remain constant
during the isobaric change of phases: the temperature
increases during the evaporation and decreases during
the condensation. Thus, the bubble temperature is dif-
ferent from, being lower than, the dew temperature. Ze-
otropic blends have a non-zero level of glide.

[0011] In a heat pump, the presence of a certain level
of glide allows a better matching between the drying air
and the refrigerant temperature profiles at the evaporator
and at the condenser. The temperature difference be-
tweenthe dryingair and the refrigerantdecreases in case
of zeotropic refrigerants, then the efficiency of the heat
pump system increases. A more efficient heat pump sys-
tems translates into a lower energy consumptionandless
time needed to dry the objects.

[0012] The glide level varies depending on the fluid
used as refrigerant, and, for the same refrigerant fluid, it
varies depending on the fluid temperature and/or pres-
sure. For the purpose of the present invention, by the
expression "high level of glide" it is meant that the refrig-
erant fluid has a high level of glide at least in the range
of temperatures that are typical for the evaporation and
condensation of a refrigerantin a heat pump laundry dry-
er or washer/dryer. For example, the refrigerant should
have a glide level higher than about 7 °C at a bubble
temperature of about 20 °C (typical of the refrigerant
evaporation) and a glide level higher than about 5 °C at
a bubble temperature of about 60 °C (typical of the re-
frigerant condensation).

[0013] According to the presentinvention, there is pro-
vided an appliance for drying laundry items having a heat
pump system, the heat pump system having a refrigerant
loop. The appliance comprises:

alaundry treatment chamber for drying laundry using
a drying medium;

a first heat exchanger for heating a refrigerant and
cooling the medium;

a second heat exchanger for cooling the refrigerant
and heating the drying medium;

a refrigerant expansion device arranged in the re-
frigerant loop between the second heat exchanger
and the first heat exchanger, and

a compressor arranged in the refrigerant loop be-
tween the first heat exchanger and the second heat
exchanger.

[0014] The refrigerant is a zeotropic blend having a
glide level higher thanabout 7 °C ata bubble temperature
of about 20 °C, and a glide level higher than about 5 °C
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at a bubble temperature of about 60 °C.

[0015] Preferably, the refrigerant is selected in the
group comprising: HFC, HCFC, HFO (Hydro-Fluoro-Ole-
fines), blends of hydrocarbons, particularly blends of al-
kanes type molecules.

[0016] Preferably, said alkanes type molecules have
general formula C,H,,,,» with 1 <n < 8, preferably 2 < n
< 4. A suitable refrigerant is R441a, which is a blend
composed by a mix of Ethane (C,Hg), Propane (C3Hg),
Buthane (C4H,g) and Isobuthane (2-metil Propane)
(C4H1)-

[0017] Preferably, the weight ratio composition of the
hydrocarbons in the mixture is in the range of: from 2 to
4 of Ethane; from 40 to 70 of Propane; from 25 to 45 of
Butane; from 4 to 8 of Isobutane, preferably 3.1:54.8 :
36.1 : 6.0 of Ethane : Propane : Butane : Isobutane, re-
spectively.

[0018] Preferably, a critical temperature of the refrig-
erant is in a range from about 105 °C to about 130 °C,
preferably 117.3 °C.

[0019] Preferably, a critical pressure of the refrigerant
is in a range from about 39 bar 25 to about 49 bar, pref-
erably 44.04 bar.

[0020] Preferably, the nominal heat of vaporization of
the refrigerant is in a range from about 430 kJ/kg to about
470 kJ/kg, preferably 451.5 kJ/kg.

[0021] Preferably, the global warming potential index
of the refrigerant in a range from 1 to 10, preferably less
than 5.

[0022] Advantageously, the refrigerant has a nominal
glide in a range from about 18 °C to about 22 °C, prefer-
ably about 20 °C at an absolute pressure of 1 bar.
[0023] Preferably, the refrigerant has a glide of about
16 °C to 20 °C, preferably 18.2 °C at a pressure of 5 bar.
[0024] Preferably, the refrigerant has a glide of about
14.4 °C at a pressure of 15 bar.

[0025] In embodiments of the present invention, a
nominal first heat exchanger inlet temperature of the me-
dium is about 30° C at the least.

[0026] In embodiments of the present invention, the
second heat exchanger comprises a liquefier heat ex-
changer; a nominal liquefier heat exchanger outlet tem-
perature of the medium may be 100 °C at the most.
[0027] The appliance may comprise a closed-loop cir-
cuit wherein the medium circulates.

[0028] Preferably, the heat pump system has a nomi-
nal cooling power between about 500 W and 3,500 W,
in particular between 1,500 W and 3,500 W.

Brief description of the drawings

[0029] These and other features and advantages of
the present invention will be made clearer by reading the
following detailed description of exemplary and non-lim-
itative embodiments thereof, referring to the following
drawing figures, wherein:

Figure 1 schematically shows a heat pump laundry
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dryer according to an embodiment of the present in-
vention;

Figure 2 is a pressure versus enthalpy diagram of
R407c;

Figures 3, 4 and 5 are temperature-entropy dia-
grams of different refrigerants and of a refrigerant
according to an embodiment of the present inven-
tion;

Figure 6 is a comparative diagram showing the dif-
ferent glide level versus bubble point twemperature
of R407c and R441a;

Figure 7 is a diagram showing the latent heat of dif-
ferent refrigerants and of a refrigerant according to
an embodiment of the present invention;

Figure 8 is an isometric view of the heat pump laun-
drydryer, with one lateral wall of an appliance cabinet
removed, and

Figure 9 shows in exploded view a basement of the
laundry dryer of

Figure 8 configured for accommodating the heat

pump.

Detailed description of exemplary embodiments of the
invention

[0030] Exemplary embodiments of the invention willbe
described in connection with the annexed figures.
[0031] Figure 1 schematically shows a heat pump
laundry dryer 1 according to an embodiment of the
present invention. It is pointed out that although in the
following description a heat pump laundry dryer is con-
sidered, this choice is merely exemplary, because the
present invention applies generally to laundry washers/
dryers as well equipped with a heat pump for in heat-
exchange relationship with an article drying medium.
[0032] The heatpump laundry dryer 1 comprises a dry-
ing chamber 2, preferably a rotatable drum. In operation,
the drying drum 2 accommodates wet laundry 3 to be
dried. For adequately drying the laundry 3, a drying me-
dium 4, such as air, in particular comprising ambient air,
is circulated through the drying drum 2 via a drying me-
dium circuit, which preferably forms a closed-loop circuit.
[0033] For drying the laundry 3, the drying medium 4
heated to a temperature of 100°C at the most and thereby
having a comparatively low relative humidity is fed into
the drying drum 2 and impinges the wet laundry 3. As a
consequence, humidity of the wet laundry 3 is absorbed
by the drying medium 4 thereby drying the laundry 3. As
the laundry 3 in the drying drum 2 generally has a tem-
perature below that of the drying medium 4 entering the
drying drum 2, the drying medium 4 also cools down, for
example to temperatures of about 30°C.

[0034] After having passed through the drying drum 2,
the drying medium 4, having a comparatively high relative
humidity, exits the drying drum 2 and is further cooled
down to condense excess humidity therefrom. After that,
the drying medium 4 is recirculated through the drying
drum 2. Before re-entering the drying drum 2, the drying
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medium 4 is heated up again, thereby reducing its relative
humidity.

[0035] Fordehumidifying and reheating the drying me-
dium 4, the heat pump tumble dryer 1 comprises a heat
pump unit 5. The heat pump unit 5 exemplarily comprises
a heat exchange medium evaporator 6 and a heat ex-
change medium liquefier 7. Hereinafter, the term "refrig-
erant" will also be used as a synonym of the term "heat
exchange medium".

[0036] The heat pump unit 5 further comprises a com-
pressor 8 interconnected between the refrigerant evap-
orator 6 and the refrigerant liquefier 7. Arefrigerant evap-
orator outlet 9 is connected to a compressor inlet 10 and
a compressor outlet 11 is connected to a refrigerant lig-
uefier inlet 12.

[0037] Arefrigerant liquefier outlet 13 is connected via
a throttling element 14, a capillary for example, to a re-
frigerant evaporator inlet 15.

[0038] By the heatpump unit5, heatis transferred from
the refrigerant evaporator 6 to the refrigerant liquefier 7.
[0039] Arefrigerant,i.e. a heat exchange medium, cir-
culated in the heat pump unit closed circuit, is heated up
at the refrigerant evaporator 6 and cooled down at the
refrigerant liquefier 7.

[0040] Therelatively low temperature at the refrigerant
evaporator 6 is used to cool down the drying medium 4
so as to condensate humidity, i.e. to dehumidify the dry-
ing medium 4 exiting the drying drum 2.

[0041] The elevated temperature at the refrigerant lig-
uefier 7 is used to reheat the drying medium 4 which in
turn is then fed to the drying drum 2 for drying the laundry
3.

[0042] The heat pump unit5 may further comprise aux-
iliary heat exchangers for further optimizing energy effi-
ciency. For example, an auxiliary refrigerant evaporator
and an auxiliary refrigerant liquefier may be provided.
The number of auxiliary refrigerant heat exchangers can
be varied from one to nearly any arbitrary number. An
auxiliary refrigerant evaporator may be used to speed up
the heat-up phase of the heat pump dryer and a refrig-
erant liquefier may be used to balance the excess of en-
ergy of the heat pump dryer.

[0043] The direction of refrigerant flow is indicated in
Figure 1 by small arrows, whilst the flow of the drying
medium 4 is indicated by larger and broader arrows. The
heat pump tumble dryer 1 may comprise a fan 16 adapted
to and designed for circulating the drying medium 4 within
the heat pump tumble dryer circuit.

[0044] In connection with the heat pump tumble dryer
1 described so far, the Applicant has found thatis advan-
tageous to use a refrigerant, i.e. heat exchange medium,
that has a high level of glide.

[0045] The glide is the difference between the temper-
ature of the saturated vapor (the "dew temperature") and
the temperature of the saturated liquid (the "bubble tem-
perature"), at a fixed pressure level, or at the dew point
temperature of the refrigerant fluid, or at the bubble tem-
perature of the refrigerant fluid.
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[0046] Figure 2 is the pressure over enthalpy diagram
of a refrigerant fluid, particularly R407c. The saturated
liquid curve and the saturated vapor curve distinguish
three different zones, corresponding to three different
states of the refrigerant, that are typical for all refrigerants
(the shape and the values of the curves are peculiar for
each specific refrigerant; those shown refer to R407c).
[0047] The points that belong to the saturated liquid
curve represent the saturated liquid condition: the refrig-
erant is all in liquid phase at the saturation temperature
related to the actual pressure. The saturation tempera-
ture of the liquid state is also called bubble temperature.
[0048] The points that belong to the saturated vapor
curve represent the saturated vapor condition: the refrig-
erant is all in vapor phase at the saturation temperature
related to the actual pressure. The saturation tempera-
ture of the vapor state is also called dew temperature.
[0049] The zone at the left of the saturated liquid zone
is the sub-cooled liquid zone: the refrigerant is in liquid
phase at a temperature lower than saturation tempera-
ture (at a certain pressure).

[0050] The zone between the two curves is the two
phase zone: in this zone liquid and vapor phase coexist
atthe same time. The relative amount between liquid and
vapor phase change according to the position in the two-
phase zone.

[0051] Thezoneattherightofthe saturated vaporzone
is the superheated vapor zone: the refrigerant is in vapor
phase at a temperature higher than saturation (at a cer-
tain pressure).

[0052] The saturated condition (liquid and vapor) can
be seen as a limit condition for the maintenance of the
complete liquid and vapor condition respectively. A little
movement in the diagram toward right and left respec-
tively would bring the refrigerant into two phase status
(liquid plus vapor).

[0053] Pure fluids or azeotropic blends are character-
ized by the fact that the temperature stays at a constant
level during the isobaric change of phases (evaporation
and condensation). Thus, in pure fluids or azeotropic
blends the temperature of the saturated vapor (dew tem-
perature) and the temperature of the saturated liquid
(bubble temperature) coincide, so these fluids have an
essentially zero glide level.

[0054] Zeotropic blends are instead characterized by
the fact that the temperature does not remain constant
during the isobaric change of phases: the temperature
increases during the evaporation phase and decreases
during the condensation phase. Thus, the bubble tem-
perature is different from, being lower than, the dew tem-
perature. Zeotropic blends have a non-zero level of glide.
[0055] In a heat pump, the presence of a certain level
of glide allows a better matching between the drying air
and the refrigerant temperature profiles at the evaporator
and at the condenser. The temperature difference be-
tweenthe dryingair and the refrigerant decreases in case
of zeotropic refrigerant, then the efficiency of the heat
pump system increases. A more efficient heat pump sys-



7 EP 2 690 213 A1 8

tem translates into a lower energy consumption and less
time needed to dry the objects.

[0056] The glide level varies depending on the fluid
used as the refrigerant, and, for the same refrigerantfluid,
it varies depending on the fluid temperature and/or pres-
sure. By the expression "high level of glide" it is meant
that the refrigerant fluid has a high level of glide at least
in the range of temperatures that are typical for the evap-
oration and condensation of a refrigerant in a heat pump
dryer.

[0057] Forexample,the refrigerantshould have a glide
level higher than about 7 °C at a bubble temperature of
about 20 °C (typical of the refrigerant evaporation phase)
and a glide level higher than about 5 °C at a bubble tem-
perature of about 60 °C (typical of the refrigerant con-
densation phase).

[0058] The Applicant has found that suitable refriger-
ant fluids are HFC, HCFC, HF O, blends of hydrocarbons,
particularly blends composed by a mix of simple hydro-
carbon alkane compounds, each compound having gen-
eral formula C Hyp40.

[0059] The Applicant has found that a suitable mix of
simple hydrocarbon alkane compounds that can advan-
tageously be used as heat exchange medium is R441a.
R441ais a blend composed by a mixture that is charac-
terized by: Ethane (C,Hg), Propane (C3Hg), Buthane
(C4H4p) and Isobuthane (2-metil Propane) (C4H4).
[0060] The Applicant has found that a suitable weight
ratio composition of the hydrocarbons in the mixture is
in the range of: from 2 to 4 of Ethane; from 40 to 70 of
Propane; from 25 to 45 of Butane; from 4 to 8 of Isobu-
tane. A particularly preferable weight ratio is 3.1 : 54.8 :
36.1 : 6.0 of Ethane : Propane : Butane : Isobutane, re-
spectively.

[0061] R441a is composed by natural fluids, so it is
more eco-friendly than both HFCs and HFOs, which are
compounds normally used as refrigerant fluids in refrig-
eration systems. Compared to HFC and HFO, R441a
does not contain Halogen atoms such as CI (Chlorine)
and F (Fluorine), containing only C (carbon) and H (hy-
drogen) atoms.

[0062] HFO molecules are characterized by an unsatu-
ration (olefin-based molecules). The unsaturation (dou-
ble C bonds) could be easily degraded by oxidants
presentinthe system. Temperature, pressure and metals
could catalyse the reaction. The secondary product of
this reaction could be acidic molecules that provide some
corrosion phenomena in the system. Differently, the deg-
radation of R441a does not provide this kind of unwanted
corrosive effect.

[0063] Additionally, the GWP (Global Warming Poten-
tial) of R441 a is close to zero.

[0064] Another refrigerant fluid that exhibits glide is
R407c, but its glide level if significantly lower compared
to R441a.

[0065] The temperature-entropy diagrams of Figures
3, 4 and 5 relate to the the refrigerant thermodynamic
cycle in the case of R134a (Figures 3A and 3B), R407c
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(Figures 4A and 4B) and R441a (Figures 5A and 5B);
the entropy (s, in [kJ/kg K]) is on the abscissa, while the
temperature (T, in [°C]) is on the ordinate. SLC denotes
the saturated liquid curve, SVC denotes the saturated
vapor curve. On the same diagrams the temperature pro-
file of the air (dashed line) is also shown (only the tem-
perature value is relevant; the entropy values refer only
to the refrigerant).

[0066] The cycle depicted in solid line (1 -> 2 -> 3-> 4)
represents the thermodynamic cycle of the refrigerant;
in particular, state 1 is the state of the refrigerant at the
liquefier inlet 12, state 2 is the state of the refrigerant at
the liquefier outlet 13, state 3 is the state of the refrigerant
at the evaporator inlet 15, and state 4 is the state of the
refrigerant at the evaporator outlet 9. In respect of the
drying air, A is the temperature of the drying air upon
leaving the drum 2 and entering the evaporator 6, B is
the temperature of the drying air after having passed
through the evaporator 6 and before passing through the
liquefier 7, and C is the temperature of the drying air after
having passed through the liquefier 7 before re-entering
the drum 2.

[0067] LookingatFigures 3A and 3B, it can be appre-
ciated that R134a has no glide: the temperature remains
constant during the isobaric changes of phase (evapo-
ration and condensation); the difference in temperature
between the refrigerant and the drying air increases dur-
ing the refrigerant transitions of phase.

[0068] LookingatFigures 4A and 4B, it can be appre-
ciated that in the case R407c, another HFC but having
a certain level of glide, the temperature does not remain
constant during the refrigerant transitions of phase, so
that there is a better matching between the temperature
of the refrigerant and that of the drying air. "Better match-
ing" means that the temperature difference between re-
frigerant and drying air is lower along the heat exchanger.
Therefore, the drying air can be heated up at a higher
level, or the average condensation temperature can be
lower in the liquefier, and the air can be cooled down at
a lower level, or the average evaporation temperature
can be higher in the evaporator. This leads to a higher
heating and cooling capacity, or to a lower power con-
sumption keeping the same thermal capacity (the closer
the condensation and evaporation temperature levels,
the higher the efficiency of the heat pump system).
[0069] The situation improves in the case of R441a,
which has a higher level of glide compared to R407c, as
shown in Figure 6 (wherein the glide, in ordinate, [°C] is
shown as a function of the bubble temperature, in ab-
scissa, [°C]). As visible in Figures 5A and 5B, the match-
ing between the refrigerant temperature during the
change of phase and the temperature of the drying air is
quite good, and the difference between these tempera-
tures is lower than in the case of the other refrigerants.
[0070] Figure 7 is a diagram showing the latent heat
(in ordinate, [kJ/kg]) as a function of the bubble temper-
ature (in abscissa, [°C]) of R134a, R407c and R441a. It
can be seen that R441a has a higher latent heat com-
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pared to base hydrocarbons, especially at high temper-
atures (the liquefying temperature is usually around
55-70 °C in a heat pump dryer, to allow the drying air to
be warmed up at desired levels, while the evaporation
temperature is around 15-30 °C). Refrigerants having a
higher latent heat level are able to exchange a great
amount of heat with a relative low refrigerant mass flow
rate, or they are able to exchange the same heat amount
with a lower refrigerant mass flow rate. This means that
the compressor has to move lower refrigerant mass, with
less electrical power consumption.

[0071] The Applicant has found to be of particular ad-
vantage for the heat exchange processes that the refrig-
erant has at least one of the following properties:

belongs to the family of the hydrocarbons

has a critical temperature of about 105 °C to 130 °C,
preferably about 117.3 °C;

has a critical pressure of about 39 bar to 49 bar,
preferably about 44.04 bar;

has a nominal heat of vaporization of about 430 kJ/kg
to 470 kJ/kg, preferably about451.5 kJ/kg ("nominal”
means at an absolute pressure equal to 1 bar);
has a nominal glide of 18 °C to 22 °C, preferably
about 20°C ("nominal" means at a absolute pressure
equal to 1 bar);

has a heat of vaporization of about 357 kJ/kg to 437
kJ/kg, preferably about 397.6 kJ/kg at a pressure
equal to 5 bar;

has a glide of about 16 °C to 20 °C, preferably 18.2
°C at a pressure equal to 5 bar;

has a global warming potential index of about 1 to
10 (preferably less than 5).

[0072] More preferably, the heat of vaporization is of
about 322.6 kJ/kg at a pressure equal to 15 bar, and the
glide of about 14.4°C at a pressure equal to 15 bar.
[0073] Preferably, the heat pump system has a nomi-
nal cooling power between about 500 W and 3,500 W,
in particular between 1,500 W and 3,500 W.

[0074] Figure 8 is an isometric view of an exemplary
laundry dryer. The laundry dryer comprises a cabinet
800, having lateral walls (one of which has been removed
in the drawing) and housing the drying drum 2 and the
heat pump unit 5.

[0075] The heat pump unit 5 is for example housed in
an appliance basement 805, which is shown per se in
Figure 9. The basement 900 is, in the shown example,
ashellcomposed of two half-shells 805 and 810 designed
to match each other so that, when matched, they define
inside them a space for accommodating the heat pump
system parts, like the evaporator 6, the liquefier 7, the
compressor 8, and passageways for the drying air.

Claims

1. An appliance for drying laundry items (1) having a
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heat pump system (5), the heat pump system having
a refrigerant loop, the appliance comprising:

alaundry treatment chamber (2) for drying laun-
dry using a drying medium;

a first heat exchanger (6) for heating a refriger-
ant and cooling the medium;

a second heat exchanger (7) for cooling the re-
frigerant and heating the drying medium;

a refrigerant expansion device (14) arranged in
the refrigerant loop between the second heat
exchanger (7) and the first heat exchanger (6),
and

acompressor (8) arranged in the refrigerantloop
between the first heat exchanger (6) and the
second heat exchanger (7),

characterized in that

therefrigerantis a zeotropic blend having a glide
level higher than about 7 °C at a bubble temper-
ature of about 20 °C, and a glide level higher
than about 5 °C at a bubble temperature of about
60 °C.

The appliance of claim 1, wherein the refrigerant is
selected in the group comprising: HFC, HCFC, HFO,
blends of hydrocarbons, particularly blends of al-
kanes type molecules.

The appliance of claim 2, wherein said alkanes type
molecules have general formula C,H,.o With 1 <n
< 8, preferably 2 < n < 4.

The appliance of claim 3, wherein the refrigerant is
R441a.

The apparatus of claim 4, wherein the weight ratio
composition of the hydrocarbons in the mixture is in
the range of from 2 to 4 of Ethane; from 40 to 70 of
Propane; from 25 to 45 of Butane; from 4 to 8 of
Isobutane, preferably 3.1: 54.8: 36.1: 6.0 of
Ethane : Propane : Butane : Isobutane, respective-

ly.

The appliance of any one of the preceding claims,
wherein a critical temperature of the refrigerant is in
a range from about 105 °C to about 130 °C, prefer-
ably 117.3 °C.

The appliance of any one of the preceding claims,
wherein a critical pressure of the refrigerant is in a
range from about 39 bar 25 to about 49 bar, prefer-
ably 44.04 bar.

The appliance of any one of the preceding claims,
wherein the nominal heat of vaporization of the re-
frigerant is in a range from about 430 kJ/kg to about
470 kJ/kg, preferably 451.5 kJ/kg.
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The appliance of any one of the preceding claims,
wherein the global warming potential index of the
refrigerant in a range from 1 to 10, preferably less
than 5.

The appliance of any one of the preceding claims,
wherein the refrigerant has a nominal glide in arange
from about 18 °C to about 22 °C, preferably about
20 °C at an absolute pressure of 1 bar.

The appliance of any one of the preceding claims,
wherein the refrigerant has a glide of about 16 °C to
20 °C, preferably 18.2 °C at a pressure of 5 bar.

The appliance of any one of the preceding claims,
wherein the refrigerant has a glide of about 14.4 °C
at a pressure of 15 bar.

The appliance of any one of the preceding claims,
wherein a nominal first heat exchanger inlet tem-
perature of the medium is about 30° C at the least.

The appliance of any one of the preceding claims,
wherein the second heat exchanger comprises a lig-
uefier heat exchanger, and wherein a nominal lique-
fier heat exchanger outlet temperature of the medi-
um is 100 °C at the most.

The appliance of any one of the preceding claims,
comprising a closed-loop circuit wherein the medium
circulates.
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