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(54) HEAT PUMP WITH EXPANDED MODULATION OF THE EXPANSION DEVICE

(57) A heat pump (1) comprises a circuit (2) for cir-
culating a refrigerant fluid, a first heat exchanger (3)
placed in the circuit (2) and forming an evaporator (4), a
compressor (5) placed in the circuit (2) downstream of
the first heat exchanger (3), a second heat exchanger
(6) placed in the circuit (2) downstream of the compressor
(5) and forming a condenser (7), an expansion device
(8) placed in the circuit (2) downstream of the second
heat exchanger (6), an electronic control system (9)

which controls the compressor (5) and the expansion de-
vice (8),
where the electronic control system (9) and the expan-
sion device (8) are configured so as to achieve a ratio
(Aexv_max / Aexv_min) between the upper total opening
area limit (Aexv_max) and the lower total opening area
limit (Aexv_min) of the expansion device (8) greater than
15, or in the range from 22 to 70, or greater than 70.
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Description

[0001] The invention relates to a heat pump, for exam-
ple for heating and/or cooling air and/or water, e.g., in a
plant for heating and/or cooling rooms and/or water.
[0002] A heat pump comprises a circuit for the circu-
lation of a refrigerant fluid, an evaporator (consisting of
a first heat exchanger) placed in the circuit, a compressor
placed in the circuit downstream of the evaporator, a con-
denser (consisting of a second heat exchanger) placed
in the circuit downstream of the compressor, and an ex-
pansion valve placed in the circuit downstream of the
condenser and upstream of the evaporator. The indica-
tions "downstream" and "upstream" refer to the circula-
tion direction of the refrigerant fluid in at least one oper-
ating mode. The compressor is operable to take in the
refrigerant fluid in the gaseous phase and at low pressure
from the evaporator, compress the refrigerant fluid, and
push it into the condenser. Inside the condenser, the
compressed refrigerant fluid releases heat and conden-
sation at high pressure. After the exit from the condenser,
the refrigerant fluid passes through the expansion valve
which decompresses it, bringing the refrigerant fluid into
a depressurized liquid phase with a possibly lower
amount of gaseous phase. Still due to the suction effect
of the compressor, the depressurized liquid refrigerant
fluid is conveyed into the evaporator where the refrigerant
fluid absorbs heat and evaporates at low pressure, before
being taken in and compressed again by the compressor.
[0003] The refrigerant fluid changes state inside the
evaporator, switching from liquid to gaseous by absorb-
ing heat, and inside the condenser, switching from gas-
eous to liquid by yielding heat. The air or fluid in contact
with the evaporator (or, in other words: the space where
it is located) is thus cooled, whereas the air or fluid in
contact with the condenser (or, in other words: the space
where it is located) is heated.
[0004] It is further known to connect the compressor
in the circuit by the interposition of a (four-way) switching
valve which allows inverting the compression and circu-
lation direction of the refrigerant fluid and thus switching
the first heat exchanger from evaporator to condenser
and the second heat exchanger from condenser to evap-
orator, allowing both cooling and heating the air or fluid
in contact with the first and second heat exchangers (or
the spaces in which they are located).
[0005] Known heat pumps, described above, can be
used in a heating mode, e.g., in winter months, taking
heat from the external air and bringing heat into a build-
ing.
[0006] In this case, the refrigerant fluid crosses the ex-
pansion valve and becomes a liquid-vapor mixture at low
pressure, then enters into the evaporator, placed outside,
where it absorbs heat until it becomes vapor at low tem-
perature, which vapor is then taken in and compressed
by the compressor with the consequent temperature in-
crease, and the hot and compressed vapor is pushed
from the compressor outlet into the condenser, which

can for example be a fan coil unit placed inside the build-
ing (close to the boiler for example), and changes phase
again from gas to liquid releasing the liquefaction heat.
The liquid refrigerant fluid returns to the expansion valve
and the cycle is repeated.
[0007] By inverting the cooling cycle, e.g., through the
(four-way) switching valve, the same heat pump can be
used in a cooling mode, e.g., in the summer months,
where the refrigerant fluid evaporates in the indoor fan
coil unit and condenses in the outdoor heat exchange
battery.
[0008] Heat pumps use greenhouse gas as a refriger-
ant fluid. The F-gas regulation introduced by the Euro-
pean Union, and similar legislation or initiatives in other
countries, aim to reduce the emission of greenhouse gas-
es and are pushing manufacturers of heat pumps to re-
duce the global warming potential (GWP) of their prod-
ucts. The reduction in global warming potential can be
carried out using refrigerant fluids with low greenhouse
effect properties, or by adopting technical solutions that
reduce the mass of fluid required for the individual heat
pump with equivalent thermal performance levels.
[0009] Many refrigerant fluids with low global warming
potential (GWP) are classified as flammable (e.g., R32,
propane). For safety reasons, for these flammable refrig-
erant fluids, allowable amount limits are set or recom-
mended in a heat pump present inside a house (or at
least also extending thereto). In particular, heat pumps
known as splits (with units inside the house) which use
flammable refrigerant fluids must thus operate with low
charges of refrigerant fluid with respect for example to
single-block heat pumps completely located outdoors.
[0010] However, heat pumps have to operate in a wide
range of outdoor temperatures and water (or indoor) tem-
peratures and it is known that a refrigerant fluid charge
reduction in the same heat pump also reduces the oper-
ating temperature range.
[0011] Therefore, it is the object of the invention to pro-
vide an improved heat pump and a method of operating
the heat pump which allow reducing the mass of refrig-
erant fluid used (with respect to a known heat pump with
optimized refrigerant fluid charge), with at least almost
equal performance in terms of COP (coefficient of per-
formance) and thermal capacity and with at least almost
equal operating interval/range, and keeping most of the
main components of the heat pump cooling circuit un-
changed.
[0012] These and other objects are achieved by a heat
pump according to claim 1. The dependent claims relate
to advantageous and preferred embodiments.
[0013] According to an aspect of the invention, a heat
pump comprises:

- a circuit for circulating a refrigerant fluid,
- a first heat exchanger placed in the circuit and form-

ing an evaporator,
- a compressor placed in the circuit downstream of

the first heat exchanger,
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- a second heat exchanger placed in the circuit down-
stream of the compressor and forming a condenser,

- an expansion device placed in the circuit down-
stream of the second heat exchanger,

- an electronic control system controlling the compres-
sor and the expansion device,

where, during operation of the heat pump with the
expansion device open, the electronic control sys-
tem controls an upper total opening area limit
(Aexv_max) of the expansion device and a lower to-
tal opening area limit (Aexv_min) of the expansion
device,
where the electronic control system and the expan-
sion device are configured so as to achieve a ratio
(Aexv_max / Aexv_min) between the upper total
opening area limit (Aexv_max) and the lower total
opening area limit (Aexv_min) of the expansion de-
vice greater than 15, or in the range from 22 to 70,
or greater than 70.

[0014] Particularly advantageously, this ratio
(Aexv_max / Aexv_min) between the upper total opening
area limit (Aexv_max) and the lower total opening area
limit (Aexv_min) of the expansion device (8) is in the
range from 22 to 26, or from 23 to 25, or 24.
[0015] The configuration of the expansion device and
of the control system extends the total area range of the
expansion device with respect to the adjustment of the
opening area ranges of expansion devices during the
operation of heat pumps of the prior art. As will be ex-
plained hereinafter, the expansion of the total opening
area range of the expansion device, during its operation
with the expansion valve open, allows using a smaller
amount of refrigerant fluid with substantially the same
thermal and energy performance of the heat pump.
[0016] According to a further aspect of the invention,
a heat pump comprises:

- a circuit for circulating a refrigerant fluid,
- a first heat exchanger placed in the circuit and form-

ing an evaporator,
- a compressor placed in the circuit downstream of

the first heat exchanger,
- a second heat exchanger placed in the circuit down-

stream of the compressor and forming a condenser,
- an expansion device placed in the circuit down-

stream of the second heat exchanger,
- an electronic control system controlling the compres-

sor and the expansion device,

characterized in that:

- the expansion device comprises a plurality of electric
expansion valves (e.g., a first electric expansion
valve and a second electric expansion valve) placed
in parallel in the circuit,

- the electric expansion valves each have an individ-

ually adjustable opening area (e.g., the first electric
expansion valve has a first adjustable opening area
and the second electric expansion valve has a sec-
ond adjustable opening area) which together define
a total opening area of the expansion device,

- the control system is configured to control the plu-
rality of electric expansion valves in a total opening
area range delimited by a lower total opening area
limit and an upper total opening area limit,

- the upper total opening area limit is greater than an
upper individual opening area limit of each of the
electric expansion valves.

[0017] The configuration of the expansion device and
the control system allows extending the total opening ar-
ea range of the expansion device, with respect to the
individual opening ranges of known and commercially
available expansion valves. As will be explained herein-
after, the extension of the total opening area range of the
expansion device allows using a smaller amount of re-
frigerant fluid with substantially the same thermal and
energy performance of the heat pump.
[0018] The configuration of the expansion device and
of the control system also allows a sufficiently fine ad-
justment within, and in particular at the margins, of the
entire extended total opening area range, using known
and commercially available expansion valves notwith-
standing the known disadvantage of adjustable valves,
according to which as the maximum opening area in-
creases, the adjustment of the smaller opening areas
becomes more approximate and less certain.
[0019] As will be explained later, the combination of
both aspects (extension of the opening range of the ex-
pansion device controlled by the control system + two
expansion valves in parallel individually controlled by the
control system) allows obtaining synergistic effects in re-
lation to overcoming the disadvantages of the prior art.

Brief description of the drawings

[0020] Some advantageous aspects and considera-
tions of the invention, as well as some non-limiting ex-
emplary embodiments thereof will be described below
with reference to the drawings, in which:

Figure 1 shows the operating range (in temperature)
in a heating mode for an exemplary heat pump with
R32 refrigerant fluid, where T_water indicates the
water temperature at the outlet of the heat exchanger
of the condenser, T_air indicates the air temperature
external to the heat exchanger of the evaporator,
and CR (compression ratio) is the ratio of the abso-
lute delivery pressure to the absolute suction pres-
sure of the compressor.
Figure 2 shows the operating range (under pressure)
in a heating mode for an exemplary heat pump with
R32 refrigerant fluid, where P_cond indicates the
pressure of the refrigerant fluid in the condenser,
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P_eva indicates the pressure of the refrigerant fluid
in the evaporator, and CR (compression ratio) is the
ratio of the absolute delivery pressure to the absolute
suction pressure of the compressor.
Figure 3 shows the operating range (in temperature)
in a cooling mode for an exemplary heat pump with
R32 refrigerant fluid, where T_water indicates the
water temperature at the outlet of the heat exchanger
of the evaporator, T_air indicates the air temperature
external to the heat exchanger of the condenser, and
CR (compression ratio) is the ratio of the absolute
delivery pressure to the absolute suction pressure
of the compressor.
Figure 4 shows the operating range (under pressure)
in a cooling mode for an exemplary heat pump with
R32 refrigerant fluid, where P_cond indicates the
pressure of the refrigerant fluid in the condenser,
P_eva indicates the pressure of the refrigerant fluid
in the evaporator, and CR (compression ratio) is the
ratio of the absolute delivery pressure to the absolute
suction pressure of the compressor.
Figure 5 shows the thermodynamic cycle of the heat
pump for different masses of refrigerant fluid charged
without and with the extension of the opening area
of the expansion device, where the ordinate indi-
cates the pressure of the refrigerant fluid and the
abscissa indicates the specific enthalpy of the refrig-
erant fluid,
Figure 6 shows the variation of the coefficient of per-
formance (COP) of a heat pump for different charge
percentages of refrigerant fluid and for different total
opening areas of the expansion device (Area EXV).
The values are expressed as percentages with re-
spect to a nominal reference situation (100%).
Figure 7 shows a heat pump according to an em-
bodiment of the invention,
Figure 8 shows a heat pump according to a further
embodiment.

[0021] Prior to the detailed description of the embodi-
ments of the invention, there will be provided a more de-
tailed explanation of the problems of the prior art, the
scientific basis of the inventive idea, and the reasons why
the heat pump according to the invention solves at least
part of the problems of the prior art and allows reducing
the amount of refrigerant fluid required for the operation
of the heat pump.
[0022] Figures 1 - 4 show typical operating ranges for
a heat pump operated with R32 refrigerant, where oper-
ating points are observed in a heating mode (figures 1
and 2) with high compression ratios CR (>8) at points of
operation in a cooling mode (figures 3 and 4) with low
compression ratios CR (about 1).
[0023] If we consider a heat pump working with an op-
timized nominal charge of refrigerant fluid, setting the
parameters:

- outdoor temperature,

- water flow rate in a primary water circuit in a heat
exchange relationship with an internal heat exchang-
er (inside a house),

- water temperature entering the internal heat ex-
changer,

- working frequency of the compressor,
- working frequency of a blower of an external heat

exchanger,
- opening area of an expansion valve,

and having optimally chosen the parameters working fre-
quency of the compressor, working frequency of the
blower and opening area of the expansion valve, optimal
performance in terms of heat capacity and COP are ob-
tained and the heat pump reaches a state of equilibrium
of operation or stationary operation, where the compres-
sor delivery pressure depends on:

- the temperature of the water leaving the internal heat
exchanger which characterizes the condensation of
the refrigerant.

- the charge of refrigerant fluid because the more the
charge of refrigerant fluid increases, the more the
amount of liquid present in the condenser increases
and the more the condenser will tend to flood. There-
fore, if the refrigerant charge increases, the com-
pressor delivery pressure also increases, whereas
if the refrigerant charge decreases, the compressor
delivery pressure also decreases.

[0024] The suction pressure of the compressor also
depends on the refrigerant fluid charge, since an increase
in the refrigerant fluid charge increases the amount of
liquid phase in the evaporator and reduces the volume
of the vapor phase that can be taken in by the compres-
sor. Therefore, if the refrigerant charge increases, the
suction pressure (absolute value) of the compressor also
increases, whereas if the refrigerant charge decreases,
the compressor suction pressure (absolute value) also
decreases.
[0025] Therefore, with all other variables of the ther-
modynamic process being equal, a desired decrease in
the refrigerant fluid entails a decrease in the suction and
delivery pressures of the compressor (figure 5).
[0026] Figure 5 shows the results of simulations carried
out by varying the R32 refrigerant charge in a heat pump
operating with an example thermodynamic cycle, in a
heating mode, with an outdoor air temperature of 7°C
and a water temperature of 30°C.
[0027] In a second simulation ("80% nominal charge")
the refrigerant charge was decreased by 20% compared
to a first simulation ("nominal charge"). In a third simula-
tion, the refrigerant charge was decreased by 20% com-
pared to the first simulation ("nominal charge") and,
moreover, the opening area of the expansion valve was
increased with the aim of compensating for the decrease
in compressor suction pressure.
[0028] Through the same simulations, the variation of
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the coefficient of performance (COP) was also deter-
mined for the different simulated situations (figure 6).
[0029] Figure 6 shows the coefficient of performance
(COP) values of the exemplary heat pump being simu-
lated as the refrigerant fluid charge varies. Leaving the
opening area of the expansion valve unchanged and de-
creasing the refrigerant charge to 80% of the nominal
charge, a decrease in the COP coefficient of performance
of more than 5% is observed compared to the simulation
with the nominal refrigerant charge. It is also observed
that, by increasing the opening area of the expansion
valve (but keeping the refrigerant charge low) the COP
coefficient of performance can be re-increased to 99%
of the nominal COP.
[0030] Still with reference to figures 1 - 4, at the points
of minimum compression ratio CR, already with a nom-
inal refrigerant charge (therefore undesirably high) it is
necessary to adjust the expansion valve of the known
heat pump up to its upper opening area limit, thus making
it impossible to operate the known heat pump with a low
refrigerant charge at these same points of the thermody-
namic cycle, or making it necessary to use an expansion
valve with an increased upper opening area limit, but with
the same fine adjustment features. However, expansion
valves with these features are not commercially available
to date.
[0031] Still with reference to figures 1 - 4, at the points
of maximum compression ratio CR (heating), with a nom-
inal refrigerant charge (therefore undesirably high) it is
necessary to adjust the known heat pump expansion
valve up to its lower opening area limit, and a surplus
charge of refrigerant fluid is accumulated in a storage
vessel. At these operating points of the thermodynamic
cycle, a desired decrease in refrigerant fluid charge
would have less impact and the expansion valve opening
area remains close to that needed for a nominal refrig-
erant fluid charge and would be manageable by known
expansion valves already commercially available today.
[0032] However, in order to continue to operate in the
maximum compression ratio points CR even with a low
charge of refrigerant fluid, it is necessary to obtain very
small opening areas and adjust them finely and with cer-
tainty.
[0033] Commercially available expansion valves do
not allow solving a sufficiently broad opening area range.
Commercially available adjustable expansion valves do
not allow an increase in the maximum opening area with-
out also increasing the minimum opening area limit and
without losing the fine adjustment capability at the mar-
gins of the opening area range.
[0034] This limitation of the prior art is overcome by
the heat pump according to the invention.

Description of embodiments

[0035] With reference to figures 7 and 8, a heat pump
1 comprises:

- a circuit 2 for circulating a refrigerant fluid,
- a first heat exchanger 3 placed in the circuit 2 and

forming an evaporator 4,
- a compressor 5 placed in the circuit 2 downstream

of the first heat exchanger 3,
- a second heat exchanger 6 placed in the circuit 2

downstream of the compressor 5 and forming a con-
denser 7,

- an expansion device 8 placed in the circuit 2 down-
stream of the second heat exchanger 6,

- an electronic control system 9 controlling the com-
pressor 5 and the expansion device 8,

where:

- the compressor 5 is operable to take in the refrigerant
fluid in the gaseous phase and at low pressure from
the evaporator 4, compress the refrigerant fluid, and
push it into the condenser 7,

- in the condenser 7, the compressed refrigerant fluid
releases heat and condenses at high pressure,

- after leaving the condenser 7, the refrigerant fluid
passes through the expansion device 8 which de-
pressurizes it,

- the refrigerant fluid depressurized by the expansion
device 8 enters into the evaporator 4 where it ab-
sorbs heat and evaporates at low pressure, before
being taken in and compressed again by the com-
pressor 5.

[0036] The expansion device 8 comprises a plurality
of electric expansion valves 10, 11 (e.g., a first electric
expansion valve 10 and a second electric expansion
valve 11) placed in parallel in the circuit 2.
[0037] The electric expansion valves 10, 11 each have
an individually adjustable opening area Aexv1, Aexv2
(e.g., the first electric expansion valve 10 has a first ad-
justable opening area Aexv1 and the second electric ex-
pansion valve 11 has a second adjustable opening area
Aexv2) which together define a total opening area Aexv
of the expansion device 8.
[0038] The control system 9 is configured to control
the plurality of electric expansion valves 10, 11 in a total
opening area range delimited by a lower total opening
area limit Aexv_min and an upper total opening area limit
Aexv_max, where the upper total opening area limit
Aexv_max is greater than an upper individual opening
area limit Aexv1_max, Aexv2_max of each of the electric
expansion valves 10, 11.
[0039] According to an embodiment, the control sys-
tem 9 is configured to adjust the individual opening areas
Aexv1, Aexv2 of the electric expansion valves 10, 11 to
assume different values at the same instant of time. This
makes it possible to adjust at least one of the plurality of
expansion valves 10, 11 to a valve position with good
adjustment resolution.
[0040] According to an embodiment, the control sys-
tem 9 is configured to completely close at least a first
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expansion valve 10 of the expansion valves 10, 11 and
to adjust the individual opening area Aexv2 of at least a
second expansion valve 11 of the electric expansion
valves 10, 11 in a lower half of an individual opening area
range of the second electric expansion valve 11. This
makes it possible to avoid situations in which all the ex-
pansion valves 10, 11 are positioned close to their lower
individual opening area limit Aexv1_min, Aexv2_min, in
which the adjustment resolution is notoriously less fine
and the adjustment itself more uncertain.
[0041] According to an aspect of the invention inde-
pendent of the number of individual expansion valves
(but synergistic in combination with a number of two ex-
pansion valves in parallel), during operation of the heat
pump (1) with the expansion device (8) open, the elec-
tronic control system (9) controls an upper total opening
area limit (Aexv_max) of the expansion device (8) and a
lower total opening area limit (Aexv_min) of the expan-
sion device (8),
where the electronic control system (9) and the expan-
sion device (8) are configured so as to achieve a ratio
(Aexv_max / Aexv_min) between the upper total opening
area limit (Aexv_max) and the lower total opening area
limit (Aexv_min) of the expansion device (8) greater than
15, or in the range from 22 to 70, or greater than 70.
[0042] Advantageously, said ratio (Aexv_max /
Aexv_min) between the upper total opening area limit
(Aexv_max) and the lower total opening area limit
(Aexv_min) of the expansion device (8) is in the range
from 22 to 26, or in the range from 23 to 25, or 24.
[0043] The embodiments described herein are partic-
ularly advantageous when referring to a heat pump pro-
viding a thermal power greater than 12 kW, e.g., 15 kW
in heating at T_air = 7°C and T_water = 35°C.
[0044] This makes it possible to reduce the amount of
refrigerant fluid as previously explained.
[0045] According to an embodiment, the upper total
opening area limit Aexv_max of the expansion device 8
is greater than 2.5 mm2, preferably from 3.14 mm2 to
11.45 mm2, for example 5.09 mm2, whereas the lower
total opening area limit Aexv_min is less than 4% of the
upper total opening area limit (Aexv_min <
0.04*Aexv_max), for example 0.21 mm2.
[0046] According to an embodiment, the upper total
opening area limit (Aexv_max) of the expansion device
(8) is in the range from 4.9 mm2 to 5.2 mm2, or from 5.04
mm2 to 5.13 mm2, or 5.09 mm2.
[0047] Advantageously, the total opening area range
(Aexv_max - Aexv_min) expressed as the difference be-
tween the upper total opening area limit (Aexv_max) and
the lower total opening area limit (Aexv_min) of the ex-
pansion device 8 is greater than 2.5 mm2, preferably be-
tween 4.83 mm2 and 11 mm2, for example 4.88 mm2.
[0048] According to an embodiment, the total opening
area range (Aexv_max - Aexv_min) expressed as the
difference between the upper total opening area limit
(Aexv_max) and the lower total opening area limit
(Aexv_min) of the expansion device (8) opened and con-

trolled by the electronic control system (9), is between
4.6 mm2 and 5.18 mm2, or between 4.83 mm2 and 4.93
mm2, or 4.88 mm2.
[0049] According to a further embodiment, a ratio
Aexv1_max / Aexv1_min, Aexv2_max / Aexv2_min be-
tween the upper individual opening area limit
Aexv1_max, Aexv2_max and the lower individual open-
ing area limit Aexv1_min, Aexv2_min of one or each of
the electric expansion valves 10, 11 is in the range from
10.5 to 13.5, preferably from 11.5 to 12.5, for example 12.
[0050] According to an embodiment, the upper individ-
ual opening area limit Aexv1_max, Aexv2_max of one or
each of the electric expansion valves 10, 11 is greater
than 2.13 mm2, preferably from 2.54mm2 to 4.52 mm2,
for example 2.54 mm2, whereas the lower individual
opening area limit Aexv1_min, Aexv2_min of one or each
of the electric expansion valves 10, 11 is less than 0.25
mm2, preferably from 0.106 mm2 to 0.25 mm2, for exam-
ple 0.21 mm2.
[0051] According to an embodiment, the upper individ-
ual opening area limit (Aexv1_max, Aexv2_max) of one
or each of the electric expansion valves (10, 11) is in the
range from 2.4 mm2 to 2.7 mm2, or from 2.5 mm2 to 2.6
mm2, or 2.54 mm2, whereas the lower individual opening
area limit (Aexv1_min, Aexv2_min) of one or each of the
electric expansion valves (10, 11) is in the range from
0.20 mm2 to 0.30 mm2, or from 0.207 mm2 to 0.213 mm2,
or 0.21 mm2.
[0052] According to an embodiment, the individual
opening area range Aexv1_max - Aexv1_min,
Aexv2_max - Aexv2_min expressed as the difference
between the upper individual opening area limit
Aexv1_max, Aexv2_max and the lower individual open-
ing area limit Aexv1_min, Aexv2_min of one or each of
the electric expansion valves 10, 11 is less than 5.27
mm2, preferably between 1.22 mm2 and 2.9 mm2, for
example 2.33 mm2.
According to an embodiment, the individual opening area
range (Aexv1_max - Aexv1_min, Aexv2_max -
Aexv2_min) expressed as the difference between the up-
per individual opening area limit (Aexv1_max,
Aexv2_max) and the lower individual opening area limit
(Aexv1_min, Aexv2_min) of one or each of the electric
expansion valves (10, 11) is between 2.18 mm2 and 2.48
mm2, preferably between 2.30 mm2 and 2.36 mm2, for
example 2.33 mm2.
[0053] According to a further embodiment, a ratio
Aexv1_max / Aexv1_min,
Aexv2_max / Aexv2_min between the upper individual
opening area limit Aexv1_max, Aexv2_max and the low-
er individual opening area limit Aexv1_min, Aexv2_min
of one or each of the electric expansion valves 10, 11 is
less than the ratio Aexv_max / Aexv_min between the
upper total opening area limit Aexv_max and the lower
total opening area limit Aexv_min of the expansion device
8, preferably the ratio Aexv_max / Aexv_min of the ex-
pansion device 8 is greater than or equal to 200 % of the
ratio Aexv1_max / Aexv1_min , Aexv2_max / Aexv2_min
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of each of the single expansion valves 10, 11.
[0054] According to a further embodiment, the individ-
ual opening area range Aexv1_max - Aexv1_min,
Aexv2_max - Aexv2_min expressed as the difference
between the upper individual opening area limit
Aexv1_max, Aexv2_max and the lower individual open-
ing area limit Aexv1_min, Aexv2_min of one or each of
the electric expansion valves 10, 11 is less than the total
opening area range Aexv_max - Aexv_min expressed
as the difference between the upper total opening area
limit Aexv_max and the lower total opening area limit
Aexv_min of the expansion device 8, preferably the total
opening area range Aexv_max - Aexv_min of the expan-
sion device 8 is greater than or equal to 110% of the
individual opening area range Aexv1_max - Aexv1_min ,
Aexv2_max - Aexv2_min of each of the single expansion
valves 10, 11.
[0055] According to an embodiment, the control sys-
tem 9 is configured to control the compressor 5 and the
expansion device 8 so that, in a heating mode (of the
second heat exchanger 6 operating as a condenser 7),
when the compression ratio CR of the compressor 5 is
greater than 8, both the electric expansion valves 10, 11
are open and the total opening area Aexv of the expan-
sion device 8 is greater than the upper individual opening
area limit Aexv1_max, Aexv2_max of each of the expan-
sion valves 10, 11.
[0056] This allows enlarging the expansion device
opening range with respect to the prior art, and therefore
using less refrigerant fluid with (at least almost) the same
performance of the heat pump 1.
[0057] Those skilled in the art know that there are sev-
eral parameters available for adjusting the heat pump.
In fact, the total opening area Aexv of the expansion de-
vice 8 does not depend only on the compression ratio
CR but also on the frequency of the compressor 5 and
on the pressure at the inlet of the compressor 5. For ex-
ample, with the same compression ratio CR, if the fre-
quency of the compressor 5 is reduced, a small total
opening area Aexv is also sufficient to let through the
flow of refrigerant required to obtain optimal perform-
ance. With the same compression ratio CR of the com-
pressor 5 and the same frequency of the compressor 5,
with a reduction of the pressure at the inlet of the com-
pressor 5, the total opening area Aexv of the expansion
device 8 required to let through the refrigerant flow rate
required for optimal performance is also reduced. The
condition described above (CR > 8, Aexv > Aexv1_max,
Aexv > Aexv2_max) is thus applicable to constant fre-
quency f_comp and pressure on the suction side of the
compressor 5.
[0058] According to an embodiment, the control sys-
tem 9 is configured to control the compressor 5 and the
expansion device 8 so that, in a cooling mode (of the
second heat exchanger 6 operating as an evaporator 4),
when the compression ratio CR of the compressor 5 is
less than 2, only one 10 of the electric expansion valves
10, 11 is open and the other electric expansion valves

11 are completely closed.
[0059] This allows a fine adjustment of the expansion
device 8 at low compression ratios of the compressor 5.
[0060] However, also with reference to this advanta-
geous condition, those skilled in the art will appreciate
that also in this case the explanations given above apply,
relating to the dependence of the total opening area of
the expansion device 8 not only on the compression ratio
CR of the compressor 5, but also on the frequency of the
compressor 5 and the pressure on the suction side of the
compressor 5.
[0061] According to a preferred embodiment, the elec-
tric expansion valves 10, 11 are exactly two in number.
[0062] Preferably, all the electric expansion valves 10,
11 of the plurality of electric expansion valves 10, 11 are
the same. This simplifies the control of the valves, reduc-
es storage and assembly costs of the parts of the heat
pump 1, and prevents assembly errors due to possible
confusion between two different valves.
[0063] The compressor 5 can be connected in the cir-
cuit 2 by the interposition of a switching/reversing valve
12 which allows inverting the compression and circulation
direction of the refrigerant fluid and thus switching the
first heat exchanger 3 from evaporator 4 to condenser 7
and of the second heat exchanger 6 from condenser 7
to evaporator 4, allowing both cooling and heating the
spaces in which the first and second heat exchangers
are located (i.e., the fluid in contact with the first and
second heat exchangers).
[0064] The heat pump 1 further comprises, in a known
manner, a refrigerant fluid storage vessel/reservoir 13,
connected to the circuit 2, e.g., between the first heat
exchanger 3 (e.g., external unit) and the compressor 5,
or directly upstream of the compressor 5 (figure 7).
[0065] The electronic control system 9 also controls
the speed of the blower associated with the first heat
exchanger 3 and the speed of the water pump or the
conveyor associated with the second heat exchanger 6.
Advantageously, the electronic control unit 9 controls the
expansion device 8 also depending on the speed of the
blower of the first heat exchanger 3 and of the conveyor
of the second heat exchanger 6.

Description of embodiments for controlling the ex-
pansion device 8

[0066] The control system 9 calculates the target value
of the total opening area Aexv according to a predeter-
mined operating model of the refrigerant circuit of the
heat pump 1 and then determines the target values of
the individual opening areas Aexv1, Aexv2 of the two
expansion valves, first expansion valve 10 and second
expansion valve 11, depending on the condition Aexv =
Aexv1 + Aexv2 and a further criterion or set of criteria for
adjusting the individual opening areas Aexv1, Aexv2. The
values of the individual opening areas Aexv1, Aexv2 can
be converted into step number signals for controlling
electric stepper motors of the expansion valves 10 and
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11.
[0067] The adjustment criterion can comprise:
If the total opening area target value Aexv is less than a
first predetermined threshold value X and indicative of
an upper, high-resolution adjustable opening area limit
with only one of the expansion valves 10, 11, only the
first expansion valve 10 is adjusted to the total opening
area target value Aexv = Aexv1 and the second expan-
sion valve 11 is completely closed. The advantage ob-
tainable by this criterion is an improved adjustment res-
olution.
[0068] If the total opening area target value Aexv is
greater than a second predetermined threshold value Y,
greater than the first threshold value X, and indicative of
the upper individual opening area limit Aexv1_max of on-
ly one of the expansion valves 10, 11, both the first 10
and second 11 expansion valves are opened. The ad-
vantage obtainable by this criterion is the extension of
the total opening area to allow optimal operation of the
heat pump with a small amount of refrigerant fluid.
[0069] If the total opening area target value Aexv is
greater than the first threshold value X and less than the
second threshold value Y, only one or both of the first 10
and second 11 expansion valves are opened, but so as
to position at least one of the expansion valves 10, 11 in
an opening region with high adjustment resolution. This
achieves the advantage of obtaining finer and more re-
liable adjustment of the expansion device 8 and, there-
fore, greater efficiency of the heat pump 1.
[0070] According to an embodiment, the control sys-
tem 9 is configured so that, starting with only one expan-
sion valve (e.g., the first expansion valve 10) open and
all the others closed, as the total opening area target
value Aexv increases, the individual opening area Aexv1
= Aexv of the first open expansion valve 10 increases
until reaching the upper individual opening area limit val-
ue Aexv1 = Aexv = Aexv1_max of the only one expansion
valve 10 open up to now and, if the upper individual open-
ing area limit value Aexv1 > Aexv1_max of the first open
expansion valve 10 is exceeded, keeps the first expan-
sion valve open (e.g., at the upper individual opening limit
Aexv1 = Aexv1_max) and also opens the second expan-
sion valve 11 with an individual opening area Aexv2 =
Aexv - Aexv1 of the second expansion valve 11 equal to
the difference between the total opening area target val-
ue Aexv and the individual opening area Aexv1 of the
first expansion valve 10 (e.g., with the individual opening
area Aexv2 = Aexv - Aexv1_max of the second expansion
valve 11 equal to the difference between the total opening
area target value Aexv and the upper individual opening
area limit Aexv1_max of the first expansion valve 10).
[0071] According to an embodiment, the control sys-
tem 9 is configured so that, starting with only one expan-
sion valve (for example the first expansion valve 10) open
and all the others closed, as the total opening area target
value Aexv increases, the individual opening area Aexv1
= Aexv of the first open expansion valve 10 increases
until the total opening area target value Aexv <

Aexv1_min + Aexv2_min reaches the sum of the lower
individual opening area limits Aexv1_min + Aexv2_min
of both or all the expansion valves 10, 11 and, upon ex-
ceeding the sum of the individual lower opening area
limits Aexv1_min + Aexv2_min of both or all the expan-
sion valves 10, 11, opens both or all the expansion valves
10, 11 with equal individual opening area values Aexv1
= Aexv2.

Description of embodiments for determining the to-
tal opening area target value Aexv of the expansion 
device 8

[0072] It is noted that heat pumps of the prior art al-
ready implement algorithms for determining the opening
area target value of the expansion valve.
[0073] According to an embodiment, the control sys-
tem 9 determines the total opening area target value Aexv
of the expansion device 8 depending on a delivery tem-
perature target value TD_target and a detected temper-
ature value TD of the refrigerant fluid on the delivery side
of the compressor 5.
[0074] The delivery temperature target value
TD_target can be calculated according to the compres-
sion ratio CR, or depending on the compression ratio and
the frequency of the compressor 5 and the heating or
cooling operating mode.
[0075] Alternatively, the control system 9 determines
the total opening area target value Aexv of the expansion
device 8 depending on a superheating target value
SH_target of the refrigerant fluid vapor at the inlet of the
compressor 5.
[0076] According to an embodiment, the control sys-
tem 9 determines the total opening area target value Aexv
depending on:

- target flow rate (in kg/s) of the refrigerant fluid,
- detected flow rate (in kg/s) of the detected refrigerant

fluid,
- frequency of the compressor [1/s],
- mass of the compressor [kg],
- specific heat of the material (steel) of the compressor

[J/(Kg * K)],
- mass of the hydraulic oil of the compressor [kg],
- specific heat of the hydraulic oil of the compressor

[J/(Kg * K)],
- density of the refrigerant fluid [kg/m3] on the suction

side of the compressor 5,
- specific heat of the refrigerant fluid [J/(Kg * K)],
- volume of the compressor cylinder [m3].

Description of a preferred embodiment of the heat 
pump 1.

[0077] Figure 8 shows a further embodiment of the
heat pump 1, with an outdoor unit 14 intended to be po-
sitioned outdoors, an indoor unit 15 intended to be posi-
tioned inside a building, and with an application/usage
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35, for example a heating/cooling system with a primary
water circuit 16.
[0078] The outdoor unit 14 comprises (inside a hous-
ing):

- the first heat exchanger 3, possibly equipped with
an air blower 17, an external air temperature sensor
18, possibly a thermal probe 19’ for measuring the
temperature of the refrigerant at an intermediate
point in the first heat exchanger 3, and a temperature
sensor 19 of the refrigerant fluid between the first
heat exchanger 3 and the expansion device 8,

- the compressor 5 with a temperature sensor 20 for
the refrigerant fluid on the suction side of the com-
pressor 5, and with a temperature sensor 21 for the
refrigerant fluid on the delivery side of the compres-
sor 5

- the refrigerant fluid storage vessel 13 arranged on
the suction side of the compressor 5,

- a pressure switch 22 arranged on the delivery side
of the compressor 5,

- the switching/reversing valve 12,
- (connection attachments of) tubes 23 of circuit 2,
- the expansion device 8 with the first electric expan-

sion valve 10 and the second electric expansion
valve 11,

- a refrigerant temperature sensor 24 placed in the
circuit 2 between the expansion device 8 and the
second heat exchanger 6.

[0079] The indoor unit 15 comprises (inside a housing):

- the second heat exchanger 6 which exchanges heat
between the circuit 2 of the refrigerant fluid and the
primary water circuit 16,

- a water pump 25 in the primary water circuit 16 up-
stream of the second heat exchanger 6,

- a flow rate sensor (flowmeter) 26, e.g., on the inlet
side of the water pump 25,

- a water return temperature sensor 27, e.g., on the
inlet side of the water pump 25,

- an expansion vessel 28 of the water connected to
the primary water circuit 16, e.g., on the inlet side of
the water pump 25,

- a water filter 29 connected to the primary water circuit
16, e.g., upstream of the water pump 25 and/or up-
stream of the water expansion vessel 28,

- a water delivery temperature sensor 30 (LWT =
Leaving Water Temperature) at the outlet of the sec-
ond heat exchanger 6,

- a backup electric heater 31 connected in the primary
water circuit 16, preferably downstream of the sec-
ond heat exchanger 6, to an associated temperature
sensor 32, for the water at the outlet of the backup
electric heater 31, and

- (connection attachments of) tubes 33 of circuit 2, and
- (connection attachments of) tubes 34 of the primary

water circuit.

[0080] The user/application 35 comprises a part of the
primary water circuit 16 and a water vessel 36 and/or a
plurality of heaters or radiators 36 for heating and cooling.

List of reference numerals in the drawings

[0081]

heat pump 1
circuit 2
first heat exchanger 3
evaporator 4
a compressor 5
second heat exchanger 6
condenser 7
expansion device 8
electronic control system 9
first electric expansion valve 10
second electric expansion valve 11
switching/reversing valve 12
storage vessel 13
outdoor unit 14
indoor unit 15
primary water circuit 16
air blower 17
outdoor air temperature sensor 18
thermal probe 19’ for the refrigerant fluid in the first
heat exchanger
temperature sensor 19 for the refrigerant fluid at the
first heat exchanger,
temperature sensor 20 for the refrigerant fluid on the
suction side of the compressor 5
temperature sensor 21 for the refrigerant fluid on the
delivery side of the compressor 5
high pressure switch (pressure switch) 22
(connection attachments of) tubes 23 of the refrig-
erant circuit 2
refrigerant temperature sensor 24
water pump 25
water flow rate sensor 26
water temperature sensor 27
water expansion vessel 28
water filter 29
water delivery temperature sensor 30
backup electric heater 31
temperature sensor 32 for the water at the outlet of
the electric heater
(connection attachments of) tubes 33 of the refrig-
erant circuit 2
(connection attachments of the) tubes 34 of the pri-
mary water circuit
User/application 35
water vessels/radiators 36

Claims

1. A heat pump (1) comprising:
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- a circuit (2) for circulating a refrigerant fluid,
- a first heat exchanger (3) placed in the circuit
(2) and forming an evaporator (4),
- a compressor (5) placed in the circuit (2) down-
stream of the first heat exchanger (3),
- a second heat exchanger (6) placed in the cir-
cuit (2) downstream of the compressor (5) and
forming a condenser (7),
- an expansion device (8) placed in the circuit
(2) downstream of the second heat exchanger
(6),
- an electronic control system (9) which controls
the compressor (5) and the expansion device
(8),
wherein, during operation of the heat pump (1)
with the expansion device (8) open, the elec-
tronic control system (9) controls an upper total
opening area limit (Aexv_max) of the expansion
device (8) and a lower total opening area limit
(Aexv_min) of the expansion device (8),
characterized in that the electronic control sys-
tem (9) and the expansion device (8) are con-
figured so as to create a ratio (Aexv_max /
Aexv_min) between the upper total opening ar-
ea limit (Aexv_max) and the lower total opening
area limit (Aexv_min) of the expansion device
(8) greater than 15, or in the range from 22 to
70, or greater than 70.

2. A heat pump (1) according to claim 1, wherein said
ratio (Aexv_max / Aexv_min) between the upper total
opening area limit (Aexv_max) and the lower total
opening area limit (Aexv_min) of the expansion de-
vice (8) is in the range from 22 to 26, or in the range
from 23 to 25, or 24.

3. A heat pump (1) according to any one of the preced-
ing claims, wherein:

- the upper total opening area limit (Aexv_max)
of the expansion device (8) is greater than 2.5
mm2, or from 3.14 mm2 to 11.45 mm2, or 5.09
mm2, whereas
- the lower total opening area limit (Aexv_min)
is less than 4% of the upper opening area limit
(Aexv_min < 0.04*Aexv_max), or 0.21mm2.

4. A heat pump (1) according to claim 3, wherein the
upper total opening area limit (Aexv_max) of the ex-
pansion device (8) is in the range from 4.9 mm2 to
5.2 mm2, or from 5.04 mm2 to 5.13 mm2, or 5.09
mm2.

5. A heat pump (1) according to claim 3 or 4, wherein
the lower total opening area limit (Aexv_min) is in
the range from 0.20 mm2 to 0.22 mm2, or from 0.205
mm2 to 0.215 mm2, or 0.21 mm2.

6. A heat pump (1) according to any one of the preced-
ing claims, wherein the total opening area range
(Aexv_max - Aexv_min) expressed as the difference
between the upper total opening area limit
(Aexv_max) and the lower total opening area limit
(Aexv_min) of the expansion device (8) when it is
open and controlled by the electronic control system
(9), is greater than 2.5 mm2, or in the range between
4.83 mm2 and 11 mm2, or 4.88 mm2.

7. A heat pump (1) according to any one of the preced-
ing claims, wherein the total opening area range
(Aexv_max - Aexv_min) expressed as the difference
between the upper total opening area limit
(Aexv_max) and the lower total opening area limit
(Aexv_min) of the expansion device (8) open and
controlled by the electronic control system (9), is
comprised between 4.6 mm2 e 5.18 mm2, or between
4.83 mm2 and 4.93 mm2, or 4.88 mm2.

8. A heat pump (1) according to any one of the preced-
ing claims, wherein:

- the expansion device (8) comprises a plurality
of electric expansion valves (10, 11) placed in
parallel in the circuit (2),
- the electric expansion valves (10, 11) each
have an adjustable individual opening area
(Aexv1, Aexv2) which together define a total
opening area (Aexv) of the expansion device (8),
- the control system (9) is configured to control
the plurality of electric expansion valves (10, 11)
in a total opening area range delimited by a lower
total opening area limit (Aexv_min) and an upper
total opening area limit (Aexv_max),
- the upper total opening area limit (Aexv_max)
is greater than an upper individual opening area
limit (Aexv1_max, Aexv2_max) of each of the
electric expansion valves (10,11).

9. A heat pump (1) according to any one of the preced-
ing claims, wherein a ratio (Aexv1_max / Aexv1_min,
Aexv2_max / Aexv2_min) between the upper indi-
vidual opening area limit (Aexv1_max, Aexv2_max)
and the lower individual opening area limit
(Aexv1_min, Aexv2_min) of one or each of the elec-
tric expansion valves (10, 11) is in the range from
10.5 to 13.5, or from 11.5 to 12.5, or is 12.

10. A heat pump (1) according to any one of the preced-
ing claims, wherein the upper individual opening ar-
ea limit (Aexv1_max, Aexv2_max) of one or each of
the electric expansion valves (10, 11) is greater than
2.13 mm2 , or from 2.54 mm2 to 4.52 mm2, or 2.54
mm2, whereas the lower individual opening area limit
(Aexv1_min, Aexv2_min) of one or each of the elec-
tric expansion valves (10, 11) is less than 0.25 mm2,
or from 0.106 mm2 to 0.25 mm2, or 0.21 mm2.
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11. A heat pump (1) according to any one of the preced-
ing claims, wherein the individual opening area
range (Aexv1_max - Aexv1_min, Aexv2_max -
Aexv2_min) expressed as the difference between
the upper individual opening area limit (Aexv1_max,
Aexv2_max) and the lower individual opening area
limit (Aexv1_min, Aexv2_min) of one or each of the
electric expansion valves (10, 11) is less than 5.27
mm2, or between 1.22 mm2 and 2.9 mm2, or 2.33
mm2.
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