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(54) HEAT PUMP SYSTEM

(57) The present invention relates to a heat pump
system for heating and/or cooling a refrigerant, compris-
ing:

- a circuit pipe (12) along which the refrigerant can be
circulated,

- an evaporator (14) arranged in the circuit pipe (12) for
evaporating the refrigerant,

- a compressor (16) arranged in the circuit pipe (12) for
compressing the evaporated refrigerant,

- a condenser (18) arranged in the circuit pipe (12) for
liquefying the compressed refrigerant,

- a thermostatic expansion valve (20) arranged in the
circuit pipe (12) for expanding the liquefied refrigerant,
wherein the thermostatic expansion valve (20) comprises
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an aperture (27), the opening degree of the aperture (27)
being adjustable, and

- at least one sensor bulb (22) that

o is arranged between the condenser (18) and the ther-
mostatic expansion valve (20), orinside the condenser or
inside the expansion valve

o reacts according to the temperature or pressure of the
refrigerant,

ois connected to the thermostatic expansion valve (20) by
a reacting line (24) filled with a detecting fluid (FD).

o is interacting with the thermostatic expansion device
(20) depending on the temperature or pressure of the
refrigerant, thereby adjusting the opening degree of the
aperture.
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Description

[0001] The presentinventionis directed to a heat pump
system. Moreover, the present invention relates to a
method for operating such a heat pump system.

[0002] Heatpump systems are systems enabling heat-
ing and/or cooling. Heat pump systems may be heat
pump devices with or without a reversible refrigerant
circuit, refrigerators, or air conditioning systems, to name
afew. They all allow to transport heat from one medium to
a second medium. One of the common features of such
heat pump systems is that they are used for conducting a
thermodynamic cycle by means of a refrigerant, the
thermodynamic cycle being composed of the following
steps:

- Evaporation in an evaporator: the refrigerant (mainly
in liquid phase) is gradually transformed into the gas
phase. Heat is removed from a first medium of the
environment.

- Compression in a compressor: the refrigerant, in
gaseous phase, is compressed in the compression
chamber. Its temperature and pressure increase.

- Condensation in a condenser: the refrigerant, in the
gaseous phase, liquefies.

- Expansionin an expansion device: the refrigerant, in
its liquid phase, is expanded. lts pressure and tem-
perature drop. Heat is released to a second medium
of the environment.

[0003] Figure 1 shows a phase diagram of a given
refrigerant regarding pressure p and enthalpy h. The line
S is a separation line between the different phases of the
refrigerant. In the area L the refrigerant is liquid, in the
area V the refrigerant is gaseous. In the area TP the
refrigerant is present in a mixture of vapor and liquid.
Evaporation takes place starting from the point X4 to X1,
compression from X1 to X2, condensation from X2 to X3
and expansion between X3 to X4.

[0004] If the compressor was perfect and did not heat
up during operation, the following situation would apply:
h2 - h1 = 0 and therefore h1 - h4 = h2 - h4. This would
mean that a quantum of heat is completely transferred
exactly from one medium to another, e.g., from air of the
environment to water or vice versa. The representation of
the thermodynamic cycle in the phase diagram according
to Figure 1 would thus be a rectangle and not a trape-
zoidal shape as it is.

[0005] Indeed, a bit more energy is supplied to the
medium to be heated than the energy taken from the
source medium as in operation the compressor heats up
and thus adds some heat to the refrigerant. This addi-
tional energy due to the compressor is transferred to the
refrigerant, which corresponds to the fact that h2 is not
equal to h1.

[0006] The amount of refrigerant admitted to the eva-
porator is regulated in the expansion device, the amount
of refrigerant being related to the pressure. If there is not
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enough refrigerant in the evaporator, the refrigerantis too
quickly evaporated, and the available capacity is not fully
exploited. If there is too much refrigerant in the evapora-
tor, not the entire refrigerant can evaporate such that
there is a risk of liquid in the compressor, which can lead
to damages of the compressor.

[0007] The fact that the compressor cannot accept
liquid requires that a safety margin needs to be taken
into account. For this purpose, the fluid will be heated
more than necessary to ensure that there is no liquid in
the fluid when it enters the compressor. This measure is
also referred to as superheating SH. Superheating en-
sures that all available energy at the evaporator is fully
exploited. Due to the superheating SH and the additional
energy received from the compressor, there is a certain
quantum of energy available at the entry of the condenser
which needs to be removed before the phase transition of
the refrigerant starts upon condensation and thus only
leads to a temperature change. This heat is a sensible
heat, while the heat leading to a phase transition is a
latent heat. The transfer of the sensible heat prior to
condensation is called de-superheating DSH.

[0008] On the other hand, at the condenser outlet, the
refrigerant is cooled down more than necessary. This is
called subcooling SC. As for the superheating with the
evaporator, the subcooling ensures that all the energy
available has been shared in the condenser. Subcooling
is a sensible heat and thus a heat exchanged without
phase transition. In the case of subcooling, the heat
transfer is done in the liquid phase.

[0009] Heat exchanges related to sensible heat (tem-
perature change) are less efficient than heat exchanges
related to latent heat (phase change of the fluid). It is
therefore desirable to limit overheating, de-superheating
DSH and preferably subcooling SC in heat pump sys-
tems for heating application.

[0010] In the opposite, it is already known for heat
pump systems for cooling application such as refrigera-
tors or chillers, that it is desirable to maximize the sub-
cooling SC in order to improve the efficiency of such
devices as described in EP 0 504 775 A2 or EP 0 504
738 A1 for instance.

[0011] Currently, there are three main types of expan-
sion devices: the capillary regulator, the thermostatic
expansion valve and the electronic expansion valve.
The capillary regulator comprises a pipe with a very small
inner diameter (typically between 0,5 mm and 2 mm)
compared to the diameter of the piping of the remaining
system (in general between 5 mm and 12mm). It is also
very long compared to the remaining piping and can
reach several meters. The expansion of the refrigerant
and the management of the flow is realized by this
passage in the capillary.

[0012] The use of a capillary regulator is very reliable
and inexpensive. However, only a constant flow of the
refrigerant can be provided. It is not dependent on the
state of the system and in particular the temperatures of
the circuit or the environment. As a result, the super-
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heating at the evaporator will be variable. The operation
of the product cannot be optimized as it must be ensured
that a minimum superheating is available during all op-
erating modes. Thus, such capillary regulator is not sui-
table for heat pumps or air-conditioning systems.
[0013] The electronic expansion valve and the thermo-
static expansion valve work on the same principle: The
refrigerant flows through an orifice typically formed by a
valve seat. The expansion valve comprises an actuator,
typically a needle, the position of which is changeable,
thereby allowing a certain volume of refrigerant to pass.
The volume can be regulated by either totally or partially
closing the orifice by the needle.

[0014] In the case of the electronic expansion valve,
the needle is moved by a motor. This can be a stepper
motor that sets a precise position for the needle or an
impulse motor that allows the refrigerant to pass at a
greater or lesser frequency. As mentioned above, the
expansion valve acts to ensure that the refrigerant is
properly superheated. To do so, temperature and/or
pressure measurements of the refrigerant are taken by
sensors positioned in the circuit pipe. These measure-
ments are conducted at the evaporator outlet. Depending
on the results of the measurements, a controller activates
the motor to open or close the expansion valve.

[0015] Inthe case of the thermostatic expansion valve,
the opening and closing of the needle is done fully me-
chanically, without the use of a motor and associated
electronic. For this purpose, the needle is combined with
a diaphragm. This diaphragm interacts with a detecting
fluid which is brought into contact with the circuit pipe.
Depending on the temperature of the refrigerant in the
circuit pipe at the measuring point, the measuring fluid
expands or compresses, thereby moving the needle.
[0016] While the use of an electronic expansion valve
allows finer control, it requires a large database based on
which the controller activates the motor. Thus, said elec-
tronic expansion valve is less reliable, often more ex-
pensive and less easy to parameter than a thermostatic
expansion valve.

[0017] Itis one task of one embodiment of the present
invention to provide a heat pump system in which a fine
and reliable control of the thermodynamic cycle can be
achieved, thereby improving the overall performance of
the thermodynamic cycle, especially for heating applica-
tion. Moreover, an embodiment of the present invention
has the object to provide a method for operating such a
heat pump system.

[0018] The task is solved by the features specified in
claims 1 and 14. Advantageous embodiments are the
subject of the dependent claims.

[0019] According to an embodiment the heat pump
system for heating and/or cooling a refrigerant, compris-

ing:

- a circuit pipe along which the refrigerant can be
circulated,
- an evaporator arranged in the circuit pipe for eva-
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porating the refrigerant,

- a compressor arranged in the circuit pipe for com-
pressing the evaporated refrigerant,

- acondenserarranged in the circuit pipe for liquefying
the compressed refrigerant,

- a thermostatic expansion device arranged in the
circuit pipe for expanding the liquefied refrigerant,
wherein the thermostatic expansion device com-
prises an aperture, the opening degree of the aper-
ture being adjustable, and

- atleast one sensor bulb that

o is arranged between the condenser and the
thermostatic expansion device, or inside the
condenser or inside the thermostatic expansion
device,

o reacts according to the temperature or pres-
sure of the refrigerant,

o is connected to the thermostatic expansion
device by a reacting line filled with a detecting
fluid, and

o is interacting with the thermostatic expansion
device depending on the temperature or pres-
sure of the refrigerant, thereby adjusting the
opening degree of the aperture.

[0020] For the sake of clarity, it is noted that within the
present description the sensor is not considered to be a
part of the expansion valve, albeit interacting with the
same. However, it can be an integral part of the con-
denser or the thermostatic expansion device and not
necessarily a separate unit that is arranged between
and at distance from the condenser and the thermostatic
expansion device. In any case, the temperature of the
refrigerant that has left the condenser but not yet entered
the thermostatic expansion device is used for adjusting
the opening degree of the aperture. In operation, the
thermostatic expansion device adjusts the opening de-
gree of the aperture orin other words, the size of the cross
section of the aperture through which the refrigerant can
pass. Under normal operational conditions, the aperture
is usually neither fully opened nor fully closed.

[0021] A sensor bulb is a sensor which includes a fluid
that dilates according to temperature or pressure of the
refrigerant.

[0022] The heatpump system canbeused atleastfora
heating application.

[0023] In contrast to solutions known from the prior art,
the thermodynamic cycle is not controlled based on the
superheating but based on the subcooling. It has been
found that the overall performance of the thermodynamic
cycle can be improved by reducing the subcooling. By
means of the heat pump system according to the present
disclosure, the current state of the subcooling can be
used and thus a direct control can be established to
reduce the subcooling as far and as quickly as possible.
Therefore, the overall performance of the thermody-
namic cycle can be effectively improved. In this embodi-
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ment, the control of the thermodynamic cycle is done by
mechanical means without the need of electronic com-
ponents. The control is thus more reliable and indepen-
dent of the supply of electric energy. According to another
embodiment the thermostatic expansion device com-
prises an opening adjusting unit having an actuator that
is movable by the detecting fluid and the refrigerant for
adjusting the opening degree of the aperture. In this
embodiment, the opening degree of the aperture can
be changed by a fairly simple mechanism which adds
to the reliability of the heat pump system and at the same
time keeps the manufacturing costs low. The opening
adjusting unit may be manufactured as a separate unit
and pre-mounted before the entire thermostatic expan-
sion device is assembled.

[0024] Inanother embodimentthe thermostatic expan-
sion device comprises a diaphragm that is deformable at
least by the detecting fluid, wherein the deformation of the
diaphragm is transferred to the actuator causing the
movement of the actuator. The use of a diaphragm is a
reliable way to transform the expansion or the compres-
sion of the detecting fluid into a movement of the actuator.
[0025] In another embodiment the expansion valve
comprises a diaphragm that is deformable at least by
the detecting fluid, wherein the deformation of the dia-
phragm is transferred to the actuator causing the move-
ment of the actuator. The diaphragm can also be de-
formed by the refrigerant. The use of a diaphragm is a
reliable way to transform the expansion or the compres-
sion of the measuring fluid into a movement of the ac-
tuator.

[0026] A further embodiment is characterized in that

- the diaphragm comprises a first surface and a sec-
ond surface, wherein the reacting line is connected
to the thermostatic expansion device such that the
detecting fluid is interacting with the first surface
and/or

- afirst branch point arranged in the circuit pipe be-
tween the condenser and the opening adjusting unit
and/or

- the heat pump system comprises a first connecting
pipe that connects the circuit pipe at the first branch
point and the diaphragm such that the refrigerant
interacts with the second surface.

[0027] In this embodiment, the pressure of the detect-
ing fluid is acting on the first surface while the pressure of
the refrigerant is acting on the second surface. The
actuator is moved according to the resulting pressure
difference. Thus, flow rate of refrigerant from the liquid
phase to the gas phase entering the evaporator is defined
by the pressure difference. This flow rate is thus optimally
defined according to the subcooling temperature. The
objective is set the subcooling towards zero, while re-
maining positive, thereby further increasing the perfor-
mance of the thermodynamic cycle and allowing for a
reduction of the amount of refrigerant used in the system.
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Reducing the amount of fluid in the circuit leads to a
reduction in resource consumption and improved user
safety, particularly when using flammable fluids..
[0028] According to another embodiment the opening
adjusting unit comprises an adjustment unit for setting
the opening degree of the aperture. The subcooling set
point can be changed by means of the adjustment unit
depending on the product in question and the associated
conditions of use of the respective product.

[0029] In another embodiment

- the opening adjusting unit comprises a valve seat,
the valve seat defining the aperture, and/or

- the actuator comprises a needle that is movable with
respect to the valve seat by the diaphragm for ad-
justing the opening degree of the aperture, and/or

- abiasing element for pre-tensioning the needle into
its initial position is provided, and/or

- the adjustment unit comprises a setting screw for
adjusting the pre-tensioning force of the biasing
element.

[0030] The thermostatic expansion can be configured
such that the needle moves in the opposite direction than
known superheating expansion valve, In particular, the
needle can move in adirection to close the aperture when
the pressure below the diaphragm is lower than the
pressure above the diagram.

[0031] The adjustment unit may include a biasing ele-
ment like a spring, the tension of which may be regulated
by a setting screw. Depending on the tension the pres-
sure required to change the opening degree of the aper-
ture can be changed. The spring ensures that the system
does not remain in the closed position and avoids jam-
ming on start-up. It also ensures that the forces at the
needle are balanced and that the opening level is
adapted to the system.

[0032] In a further embodiment the heat pump system
comprises a heat exchange means arranged between
the condenser and the expansion valve, wherein the
circuit pipe between the evaporator and the compressor
passes through the heat exchange means. The heat
withdrawn from the refrigerant between the condenser
and the expansion valve is used to heat the refrigerant
before entering the compressor. Thereby, droplets that
may still be present in the refrigerant after having left the
evaporator can be evaporated. The risk that liquid is
entering the compressor is thereby reduced.

[0033] In another embodiment the heat pump system
comprises a first buffering container arranged in the
circuit pipe between the evaporator and the compressor.
As mentioned, the thermodynamic cycle is controlled
based on the subcooling. Despite the advantages de-
scribed above inherent to this control strategy, the super-
heating is only indirectly controllable. The risk of remain-
ing droplets the refrigerant after having left the evapora-
tor may be increased by this control strategy. The first
buffering container compensates for this risk as potential
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liquid refrigerant in the circuit pipe is retained before
entering the compression chamber. The presence of
liquid in the compression chamber of a compressor
can cause damage. It is therefore important to ensure
that only gaseous refrigerant can enter the compressor.
[0034] A further embodiment is characterized in that
the circuit pipe between the first buffering container and
the compressor passes through the heat exchange
means. In this embodiment the heat withdrawn from
the refrigerant between the condenser and the expansion
valve is transferred to the refrigerant stored in the first
buffering container. Liquid droplets that may remainin the
refrigerant and stored in the first buffering container can
be evaporated. The entire refrigerant can be processed,
thereby increasing the overall performance of the ther-
modynamic cycle. The heat exchange from the conden-
ser outlet to the tube before entering the compressor
does notresultin aloss of system performance, since the
heat at the condenser outlet was no longer being used to
produce heat anyway.

[0035] According to another embodiment the heat
pump comprises

- a further expansion device arranged in the circuit
pipe between the thermostatic expansion device and
the evaporator, wherein the further expansion device
comprises a further aperture, the opening degree of
the further aperture being adjustable dependingon a
temperature or pressure of the refrigerant,

- atleast one sensing unit that

o is arranged between the evaporator and the
compressor,

o measures the temperature or pressure of the
refrigerant and/or reacts according to the tem-
perature or pressure of the refrigerant, and

o is interacting with the further expansion device
depending on the temperature or pressure of the
refrigerant, thereby adjusting the opening de-
gree of the further aperture.

[0036] Within the present description, the term "mea-
suring the temperature or pressure" should be under-
stood such that a certain value of the temperature or
pressure of the refrigerant is determined which may be
displayed and/or used for calculations. In this case, the
sensing unit typically comprises electronical compo-
nents. In contrast to that, the term "reacting according
to the temperature or pressure" is to be understood such
that the temperature or pressure causes a certain reac-
tion in this case of the further expansion device without a
certain value of the temperature or pressure to be de-
termined. In this case, the sensing unit typically com-
prises mechanical components only.

[0037] The sensing unit can be an integral part of the
compressor or the further thermostatic expansion device
and not necessarily a separate unit that is arranged
between and at distance from the compressor and the
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evaporator. In any case, the temperature or pressure of
the refrigerant that has left the evaporator but not yet
entered the compressor is used for adjusting the opening
degree of the aperture.

[0038] As mentioned above, the thermodynamic cycle
is controlled based on the subcooling. In this embodi-
ment, however, also the superheating is considered in
the control of the thermodynamic cycle. Thereby, a per-
formance improvement due to the subcooling manage-
ment described above is obtained next to an improved
reliability of the system of a system managed with super-
heating (for example to avoid liquid droplets into the
compression chamber). In other words, the heat pump
system is configured such that it reacts on both subcool-
ing and superheating.

[0039] In a further embodiment

- the sensing unit is connected to the further expan-
sion device by a further reacting line being filled with
a detecting fluid and/or

- the further expansion unit comprises a further open-
ing adjusting unit having a further actuator that is
movable by the detecting fluid for opening and clos-
ing the further expansion device and/or,

- the further expansion device comprises a further
diaphragm that is deformable by the detecting fluid,
wherein the deformation of the further diaphragm is
transferred to the further actuator causing the move-
ment of the further actuator and/or,

- the heat pump system has

o a second branch point arranged in the circuit
pipe between the evaporator and the compres-
sor, and/or

o a pressure equalization pipe that connects the
further opening adjusting unitand the circuit pipe
at the second branch point.

[0040] In this embodiment, the control of the further
expansion valve is done by mechanical means without
the need of electronic components. The control is thus
more reliable and independent of the supply of electric
energy.

[0041] According to another embodiment the further
opening adjusting unit comprises a motor by which the
further actuator is movable for adjusting the opening
degree of the further aperture, the motor being activata-
ble by the sensing unit. In this case the thermodynamic
cycle is controlled by electronic means. Compared to a
mechanical control, the possibilities to influence the ther-
modynamic cycle are bigger when using electronic
means. In this embodiment, various control strategies
can be implemented to set the subcooling towards zero
and to consider the superheating in the control of the
thermodynamic cycle.

[0042] In another embodiment the heat pump system
comprises a second buffering container arranged in the
circuit pipe between the expansion valve and the further
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expansion valve. Also the second buffering container
acts as a buffer, in this embodiment between the first
expansion valve and the further expansion valves. The
refrigerantleaving the expansion valve may partially be in
the liquid phase and partially in the gas phase. In the
second buffering container the refrigerantis separated as
the liquid part will accumulate at the bottom of the second
buffering container. The liquid refrigerant can flow to the
further expansion valve. At the top of the second buffering
container the gaseous refrigerant will be stored until
condensation to the liquid phase when the pressure in
the second buffering container increases. Thanks to this
system, only liquid refrigerant enters the further expan-
sion valve, thereby improving the reliability of the func-
tioning of the further expansion valve.

[0043] A further embodiment the heat pump system
comprises

- athird branch point arranged between the evapora-
tor and the compressor, and/or

- asecond connection pipe that connects the second
buffering container and the circuit pipe at the third
branch point.

[0044] The second connection pipe is preferably ar-
ranged at the top of the second buffering container. In
doing so, the gaseous portion of the refrigerant coming
from the expansion valve will flow through the second
connection pipe and will bypass the evaporator. The
liquid portion of the refrigerant, on the other hand, will
still be processed in the evaporator so as to evaporate
and be converted into gas. The two gas flows will then join
before entering the compressor. With the second con-
nection pipe connected with the second buffering con-
tainer at its top, the already gaseous portion of the
refrigerant will be used without having to go back to liquid
form and pass through the evaporator. The overall per-
formance of the thermodynamic cycle can thus be im-
proved.

[0045] Another aspect of the invention is directed to-
wards a method for operating heat pump system accord-
ing to one of the preceding embodiments, the method
comprising the following steps:

- evaporating the refrigerant using the evaporator,

- compressing the evaporated refrigerant using the
compressor,

- liquefying the compressed refrigerant using the con-
denser,

- expanding the liquefied refrigerant using the expan-
sion valve and

- adjusting the opening degree of the aperture de-
pending on the temperature or pressure acting on
the sensor bulb

[0046] The technical effects and advantages as dis-
cussed with regard to the present heat pump systemto a
large extent also apply to the method. In contrast to
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solutions known from the prior art, the thermodynamic
cycle is not controlled based on the superheating but
based on the subcooling. It has been found that the
overall performance of the thermodynamic cycle can
be improved by reducing the subcooling. By means of
the heat pump system according to the present disclo-
sure, a direct control based on the subcooling can be
established to reduce the subcooling as farand as quickly
as possible. Therefore, the overall performance of the
thermodynamic cycle can be effectively improved.
[0047] According to another embodiment in which the
heat pump system comprises a further expansion device,
the method comprising the following steps:

measuring the temperature or pressure of the refrigerant
using the sensing unit between the evaporator and the
compressor, and adjusting the opening degree of the
aperture according to an interaction between the sensing
unit and the further expansion device depending on the
measured temperature or pressure of the refrigerant.
[0048] In this case the temperature or pressure is
measured, i.e., a certain value is determined which
may be transferred to a control device which considers
this value in the activation of the actuator of the further
expansion device. Typically, a motor is used for moving
the actuator that is actuated by the control device.
[0049] In a further embodiment in which in which the
heat pump system comprises a further expansion device,
the method comprising the following steps:

- detecting the temperature or pressure of the refrig-
erant using the sensing unit between the evaporator
and the compressor, and adjusting the opening de-
gree of the aperture according to an interaction
between the sensing unit and the further expansion
device depending on the detected temperature or
pressure of the refrigerant.

[0050] In this case, the temperature or pressure
causes a certain reaction in this case of the further ex-
pansion device without a certain value of the temperature
or pressure to be determined. In this case, the sensing
unit typically comprises mechanical components only.
[0051] In a further embodiment the method comprises
the step of adjusting the opening degree of the aperture
and the further aperture such that the subcooling tends to
OK and is strictly positive, the subcooling being between
more than OK and less than 20K, preferably between
1Kto 8K. The overall performance of the thermodynamic
cycle is optimized.

[0052] Reference will now be made in detail to the
present exemplary bodies of the disclosure, example
of which are illustrated in the accompanying drawings,
wherein

Figure 1  is a phase diagram for a given refrigerant by
which a thermodynamic cycle is explained,
Figure 2 s a principle sketch of a first embodiment of
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a heat pump system according to the pre-
sent invention,
Figure 3  is a principle sketch of a second embodi-
ment of the heat pump system according
to the present invention,
Figure 4  is a principle sketch of a third embodiment of
the heat pump system according to the pre-
sent invention,
Figure 5 is a principle sketch of a fourth embodiment
of a heat pump system according to the pre-
sent invention,

is a principle sketch of a fifth embodiment of
a heat pump system according to the pre-
sent invention,

Figure 6

Figure 7 is a principle sketch of a sixth embodiment
of an heat pump system device according to
the present invention, and

Figure 8 is a phase diagram for a given refrigerant
showing a thermodynamic cycle conducted
by one of these embodiments of the heat
pump system according to the present in-
vention.

[0053] Figure 1 shows a phase diagram of a given
refrigerant represented by pressure p and enthalpy h.
The line S is a separation line between the different
phases of the refrigerant. In the area L the refrigerant
is liquid, in the area V the refrigerant is evaporated. In the
area TP the refrigerant is present in a mixture of vapor
and liquid. Evaporation takes place starting from the point
X4 to X1 in an evaporator 14, compression from X1 to X2
in a compressor 16, condensation from X2 to X3 in a
condenser 18 and expansion between X3 to X4 in an
expansion valve 20 (see e.g. Figure 2)

[0054] If the compressor 16 was perfect and did not
heat up during operation, the following situation would
apply: h2 - h1 = 0 and therefore h1 - h4 = h2 - h4. This
would mean that a quantum of heat is completely trans-
ferred exactly from one medium to another, e.g., from the
air of the environment or water to the refrigerant or vice
versa. The representation of the thermodynamic cycle in
the phase diagram according to Figure 1 would thus be a
rectangle.

[0055] The fact that the compressor 16 cannot accept
liquid requires that a safety margin needs to be taken into
account. For this purpose, the fluid will be heated more
than necessary to ensure that there is no liquid in the fluid
when it enters the compressor 16. This measure is also
referred to as superheating SH. Superheating SH en-
sures that all available energy at the evaporator 14 is fully
exploited.

[0056] Beyond that, abitmore energyis supplied to the
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medium to be heated than was taken from the source
medium as in operation the compressor 16 heats up and
thus adds some heat to the refrigerant.

[0057] Due to the superheating SH and the additional
energy received from the compressor 16, there is a
certain quantum of energy available at the entry of the
condenser 18 which needs to be removed before the
phase transition of the refrigerant starts upon condensa-
tion and thus only leads to a temperature change. This
heatis so-called sensible heat, while the heatleadingto a
phase transition is called latent heat. The transfer of the
sensible heat prior to condensation is referred to as de-
superheating DSH.

[0058] Onthe otherhand, atthe outlet of the condenser
18, the refrigerant is cooled down more than necessary.
This is referred to as subcooling SC. As for the super-
heating SH with the evaporator 14, the subcooling SC
ensures that all the energy available has been shared in
the condenser 18. Subcooling SC is a sensible heat and
thus a heat exchanged without phase transition. In the
case of subcooling SC, the heat transfer is done in the
liquid phase.

[0059] Figure 2 shows a first embodiment of a heat
pump system 101 according to the presentinvention. The
heat pump system 101 comprises a circuit pipe 12 along
which a refrigerant can be circulated, an evaporator 14
arranged in the circuit pipe 12 for evaporating the refrig-
erant, a compressor 16 arranged in the circuit pipe 12 for
compressing the evaporated refrigerant, a condenser 18
arranged in the circuit pipe 12 for liquefying the com-
pressed refrigerant, and an expansion valve 20 arranged
in the circuit pipe 12 for expanding the liquefied refriger-
ant.

[0060] The thermostatic expansion device 20 com-
prises an opening adjusting unit 26 that comprises a
valve seat 29 that defines an aperture 27. The opening
adjusting unit 26 may be equipped with an actuator 28
comprising a needle 33 that interacts with a valve seat 29.
The opening degree of the aperture 27 depends on the
position of the needle 33. With reference to the arrange-
ment according to Figure 2, the expansion valve 20 is
closed when the needle is moved downwards. The open-
ing adjusting unit 26 further comprises a biasing element
31 such as a spring for moving back the needle into its
starting position. The thermostatic expansion valve 20 is
further equipped with an adjustment unit 42 that is inter-
acting with the biasing element 31. The adjustment unit
42 may comprise a screw by which the reset force of the
biasing element 31 can be changed.

[0061] The thermostatic expansion valve 20 further
comprises diaphragm 30 having a first surface 32 and
asecond surface 34. The second surface 34 is interacting
with the opening adjusting unit 26 and in particular with
the actuator 28. The circuit pipe 12 comprises a first
branch point 36 which is in the embodiment shown lo-
cated inside the thermostatic expansion valve 20 but
could also be arranged outside the expansion valve 20
(see Figure 5). A first connecting line 38 starts from the
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first branch point 36 and establishes a connection with
the second surface 34 of the diaphragm 30 such that the
refrigerant can interact with the second surface 34.
[0062] Beyond that, the device comprises a sensor
bulb 22 that reacts depending on at least one process
parameter of the refrigerant, especially the temperature
of the refrigerant. The sensor bulb 22 is not part of the
expansion valve 20 but is arranged between the con-
denser 18 and the expansion valve 20. The sensor bulb
22 is interacting with the opening adjusting unit 26 for
opening and closing the thermostatic expansion valve 20
depending onthe measured process parameter as will be
explained in greater detail in the following.

[0063] The sensor bulb 22 is embodied as a bulb and
connected to the opening adjusting unit 26 by a reacting
line 24, the reacting line 24 being filled with a detecting
fluid FD. In particular depending on the temperature of
the refrigerant upon exiting the condenser 18 the detect-
ing fluid FD is expanded or compressed. The change in
volume creates a change of the pressure exerted by the
detecting fluid FD on the first surface 32 of the diaphragm
30.

[0064] As mentioned, the refrigerant is acting on the
second surface 34 of the diaphragm 30. The refrigerant
arrives from the condenser 18 at high pressure and in
liquid phase. The pressure is balanced on the second
surface 34 of the diaphragm 30.

[0065] The supercooling SC can be reduced to a pre-
determinate value (>0 and below a threshold value) and
to ensure a lower temperature of the refrigerant in the
condenser 18. When there is an evolution of the system,
for example due to an evolution of the temperature of the
heat source, an evolution of the speed of the compressor
18 or the like, the thermostatic expansion device 20 will
adapt the mass flow rate in the circuit pipe 12 to be
compliant with the aimed supercooling SC.

[0066] If the temperature at the end of the condenser
18 is too high, the available heat has not been completely
exchanged in the condenser 18 so less refrigerant can be
used for the same energy exchange. The thermostatic
expansion device 20 will update the system to reduce the
mass flow rate in the circuit pipe 12 to reach this target. If
the temperature at the end of the condenser 18 is too
high, the pressure of the detecting fluid FD in sensor bulb
22 and so in the upper section of the thermostatic ex-
pansion device 20 will increase. It will push on the ac-
tuator 28 to remove the opening degree of the aperture
27. The mass flow rate will decrease in the whole heat
pump system 101 until the desired value at the tempera-
ture of the condenser 18 is reached. By reducing the flow
rate in the circuit pipe 12, the temperature in the con-
denser 18.

[0067] Onthe opposite, if the temperature is too cold at
the exit of the condenser 18, the heat exchange to the
destination medium is too low. Accordingly, pressure of
the detecting fluid FD will decrease and the actuator 28
will increase the opening degree of the aperture 27,
thereby increasing the flow rate in the heat pump system
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101 until the desired value is reached.

[0068] Ifthe measured temperature of the refrigerant at
the exit of the condenser 18 increases, the subcooling SC
is decreasing. The actuator 28 will therefore be moved
down to further close the expansion valve 20. In doing so,
more refrigerant will remain in the condenser 18 and the
mass flow rate will increase. This will increase the energy
exchange in the condenser 18, thereby fully exploiting
the potential of the refrigerant.

[0069] Depending on the pressure difference between
the pressure of the measuring fluid FM and the pressure
of the refrigerant at the condenser 18 outlet, the dia-
phragm 30 moves and causes the actuator 28 to move
accordingly. The needle of the actuator 28 is used to
precisely open the flow rate through the expansion valve
20. Depending on this opening, the flow rate of refrigerant
from the liquid phase to the gas phase entering the
evaporator 14 is defined. This flow rate is thus optimally
defined according to the subcooling SC temperature. The
adjustment unit 42 can be set accordingly. The objective
is to make this subcooling SC tend towards zero, while
remaining positive. In particular, the objective is to keep
the subcooling SC below a threshold value. This value is
preferably from 1 to 20K, especially from 1 to 8K.
[0070] Inthe thermostatic expansion valve 20 accord-
ing to the present disclosure, the refrigerant acting on the
second surface 34 of the diaphragm 30 is in the liquid
phase and under high pressure. Compared to known
expansion valves 20 in which the refrigerant acting on
the second surface 34 of the diaphragm 30 at low pres-
sure p and in its liquid phase, the movement of the
actuator 28 can be better reversed. The control of the
thermodynamic cycle is more precise and faster. More-
over, due to the high pressure level, the adjustment unit
42 can effectively be employed. At low pressure levels,
the reset forces of a typical biasing element 31 would be
far too high to effectively adjust the pressure difference
needed to move the actuator 28 towards the valve seat
29.

[0071] Figure 3 shows a second embodiment of the
heat pump system 102 according to the present inven-
tion. As the basic design of the heat pump system 102
according to the second embodiment is to a large extent
the same as of the heat pump system 101 according to
the firstembodiment, only the mostimportant differences
will be described. The heat pump system 102 of the
second embodiment comprises a first buffering container
46 arranged in the circuit pipe 12 between the evaporator
14 and the compressor 16. It cannot be excluded that the
refrigerant is not fully evaporated in the evaporator 14.
Instead, some liquid droplets of the refrigerant may re-
main after the refrigerant has left the evaporator 14.
However, the compressor 16 is very sensitive to liquid
as itis almost incompressible causing increased wear of
the compressor 16.

[0072] In the first buffering container 46 the liquid and
the evaporated refrigerant are separated from each
other. The liquid refrigerant accumulates at the bottom
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of the first buffering container 46. The circuit pipe 12 exits
the first buffering container 46 spaced from the bottom
such that only or almost only evaporated refrigerant is
conducted to the compressor 16. The stress and the wear
of the compressor 16 can be reduced and its service live
prolonged.

[0073] Figure 4 shows a third embodiment of the heat
pump system 103 according to the presentinvention. The
heat pump system 103 according to the third embodi-
ment is built largely in the same way as the heat pump
system 102 according to the second embodiment. In
addition, a heatexchange means 44 is arranged between
the condenser 18 and the expansion valve 20, wherein
the circuit pipe 12 between the evaporator 14 and the
compressor 16 runs through the heat exchange means
44. As mentioned, a separation between the liquid and
the evaporated refrigerant is taking place in the first
buffering container 46. In the condenser 18, the com-
pressed evaporated refrigerant is converted into the
liquid phase by withdrawing heat from the refrigerant.
[0074] No gas is supposed to remain in the fluid after
the condenser 18. The heat that is transferred from the
outlet of the condenser 18 to the inlet of the compressor
16 by the heat exchange means 44 is due to the fact that
the fluid is hot at the outlet of the condenser 18. It there-
fore possesses energy that can be transferred. Heat still
available after the condenser 18 is used to heat any
possible liquid refrigerant at the exit of the evaporator
14 to prevent to have liquid in the compressor 16, thereby
preserving the compressor 16. This heat is transferred to
the refrigerant before entering the compressor 16 for
evaporating remaining liquid droplets, thereby preser-
ving the compressor 16.

[0075] The sensor bulb 22 is arranged between the
condenser 18 and the heat exchange means 44 so as not
to bias the temperature reading because of this cooling
carried out in the heat exchange means 44. This cooling
in the heat exchange means 44 has no impact on the
performance of the thermodynamic cycle since all the
desired heat exchange between the refrigerant and the
environment to be heated has been conducted in the
condenser 18.

[0076] In Figure 5 a fourth embodiment of the heat
pump system 104 is shown by means of a principle
drawing. The heat pump system 104 according to the
fourth embodiment is to a large extent similar to the heat
pump system 103 of the third embodiment and mainly
differs in the following: The heat pump system 104 does
not comprise the first buffering container 46. Instead, the
circuit line 12 between the evaporator 14 and the com-
pressor 16 directly runs through the heat exchange
means 44. The function of the heat exchange means
44 is, however, the same as described with reference to
the third embodiment of the heat pump system 103.
[0077] Moreover, the design of the thermostatic expan-
sion device 20 of the heat pump system 104 of the fourth
embodiment differs from the thermostatic expansion de-
vice 20 of the heat pump system 103 of the third embodi-
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ment at least in the following: The first branch point 36 is
arranged outside the thermostatic expansion device 20
and is located between the condenser 18 and the heat
exchange means 44. A pressure equilibration line 66
connects the first branch point 36 and the first connecting
line 38 of the thermostatic expansion device 20. Also in
this case, the refrigerant can interact with the second
surface of the diaphragm 30.

[0078] Compared to the third embodiment of the heat
pump system 103, the pressure drop inside the pressure
equilibration line 66 may be better influenced in the fourth
embodiment of the heat pump system 104, e.g., by the
diameter and the length of the pressure equilibration line
66 and/or means of flow restrictors or the like (not shown).
A further way to influence the movement of the actuator
28 and thus the flow rate through the thermostatic ex-
pansion device 20.

[0079] In Figure 6 a heat pump system 105 according
to the fifth embodiment comprises a further expansion
valve 48 arranged in the circuit pipe 12 between the
thermostatic expansion valve 20 and the evaporator
14. The further expansion valve 48 comprises a further
opening adjusting unit 50 forming a further aperture 41. A
sensing unit 52 is provided which measures at least one
process parameter of the refrigerant. The sensing unit 52
is arranged between the evaporator 14 and the compres-
sor 16 and is interacting with the further opening adjusting
unit 50 for opening and closing the further expansion
valve 48 depending on the measured process parameter.
The sensing unit 52 is connected to the further opening
adjusting unit 50 by a further reacting line 54, the further
reacting line 54 being filled with a detecting fluid FD which
may be the same as used in the sensor bulb 22 that
interacts with the expansion valve 20.

[0080] The further opening adjusting unit 50 comprises
a further actuator 56 that is movable by the detecting fluid
FD for opening and closing the further expansion valve
48. The further expansion valve 48 has a further dia-
phragm 58 that is deformable by the detecting fluid FD,
wherein the deformation of the further diaphragm 58 is
transferred to the further actuator 56 causing the move-
ment of the further needle 57. The heat pump system104
has a second branch point 68 arranged in the circuit pipe
12 between the evaporator 14 and the compressor 16
and a pressure equalization pipe 66 that connects the
further opening adjusting unit 50 and the circuit pipe 12 at
the second branch point 68.

[0081] In the thermostatic expansion valve 20 that
reacts to subcooling SC, an internal pressure that acts
on the second surface 34 of the diaphragm 30 is equiva-
lentto the pressure p of the refrigerant after having left the
condenser 18. The thermostatic expansion valve 20
allows the subcooling SC to be optimized and to tend
towards zero.

[0082] The further expansion valve 48 which reacts
according to the superheating SH is located between the
expansion valve 20 and the evaporator 14. The further
sensor 52 is located between the evaporator 14 and the
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compressor 16. Due to the pressure equalization pipe 66,
the pressure under the further diaphragm 58 is equivalent
to that of the refrigerant when exiting the evaporator 14.
The further expansion valve 48 allows the regulation
based on superheating SH. A target value can be 5 to
7K.

[0083] The further expansion device 48 is also pro-
vided with a further adjustment unit 59 the basic design
being to alarge extend the same as of the adjustment unit
42 of the thermostatic expansion device 20. In particular,
the further adjustment unit 59 may also comprise a set-
ting screw by which the pre-tensioning force of the bias-
ing element 31 can be changed. The further adjustment
unit 59 serves for setting the flow rate through the further
expansion device 48.

[0084] A second buffering container 60 is arranged in
the circuit pipe 12 between the thermostatic expansion
valve 20 and the further expansion valve 48. In case the
refrigerant that leaves the thermostatic expansion valve
20 comprises a liquid phase and a gaseous phase, the
liquid phase will accumulate at the bottom of the second
buffering container 60. At the top of the second buffering
container 60, the gaseous refrigerant will be stored until
being liquefied when the pressure increases.

[0085] Inthe fifthembodimentofthe heat pump system
104, the thermodynamic cycle can be optimized as the
control of the thermodynamic cycle can be based not only
on the subcooling SC but also on the superheating SH.
[0086] InFigure 7 asixthembodiment of the heat pump
system 105 is shown by means of a principle drawing.
The heat pump system 105 according to the sixth embo-
diment is to a very large extent similar to the heat pump
system 104 according to the fifth embodiment. However,
the heat pump system 105 according to the sixth embo-
diment comprises a third branch point 62 arranged be-
tween the evaporator 14 and the compressor 16, and a
second connection pipe 64 that connects the second
buffering container 60 and the circuit pipe 12 at the third
branch point 62.

[0087] The gaseous portion of the refrigerant leaving
the expansion valve 20 will flow through the second
connection pipe 64 and will bypass the evaporator 14.
The liquid part, on the other hand, will still flow through the
evaporator 14 and be converted into gas. The two gas
flows of the refrigerant will then meet before entering the
compressor 16. The refrigerant that is already evapo-
rated in the second buffering container 60 does not have
to pass the evaporator 14 so that only the liquid portion of
the refrigerant is treated in the evaporator 14 thereby
increasing the efficiency of the evaporator 14.

[0088] When comparing the actuation direction of the
actuator 28 and the further actuator 56 as shown in the
Figures 6 and 7, one notes that the opening degree of the
aperture 27 is decreased when the needle 33 is moved
downwards, i.e., towards the adjustment unit42. Accord-
ingly, the opening degree of the aperture 27 is increased
when the needle 33 is moved away from the valve seat
29. In contrast to that, the opening degree of the further
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aperture 51 is decreased when the further needle 57 is
moved upwards, i.e., away from the further adjustment
unit 59 and increased when the further needle 57 is
moved downwards and towards the further adjustment
unit59. However, in both cases the detecting fluid FD acts
on the first surface 32 of the diaphragm 30 and the
refrigerant on the second surface 34 of the diaphragm 30.
[0089] Not shown is an embodiment of the heat pump
system in which the further expansion device 48 com-
prises a motor by which the actuator 28 can be moved. In
this case the sensing unit 42 is measuring the tempera-
ture of the refrigerant. The measured value is transferred
to a control device that activates the motor accordingly.
[0090] Figure 8 shows the phase diagram along the
lines with Figure 1 for the purpose of demonstrating the
optimization of the thermodynamic cycle as previously
mentioned. The heat pump system 101 - 106 according to
the embodiments of the presentinvention are particularly
suited for the optimization of the operation of heat pumps
for a heating application. Typically, heat pumps remove
heat from one medium such as air or water or brine and
transfer it to another medium such as air, water or brine
which can be used for heating a house or for warming
water. For this purpose, the optimization of the conden-
sation is compared to the consumption of the system
(equal to the consumption of the compressor 16). This
can be expressed by the following equation:

h2 — h4

COF = T

[0091] Reducing the subcooling SC to zero or towards
zero can be done by lowering the condensing tempera-
ture. By lowering the condensing temperature, the work
done by the compressor 16 is reduced since a lower
targettemperature is needed and the condensation takes
place atalower pressure level. This results in an enthalpy
h2’ lower than h2.

[0092] The h1 and h4 levels remain unchanged and
thus an improved COP1 is achieved.

coP1 h2' — h4
C h2'-h1

[0093] Theworkofthe compressor 16 onthe exchange
quantity decreases and the overall performance of the
thermodynamic cycle is therefore improved.

[0094] With this solution, the condensation tempera-
ture can be reduced. On the other hand, itis necessary to
maintain a condensation temperature higher than the set
temperature of the fluid thatis to be heated, usually water.
In general, a condensation temperature of around 65 to
75°C must be maintained, whereas it is currently around
75°C to 85°C with the current operating modes.

[0095] Reducing the temperature difference between
condensation and evaporation therefore reduces the
work of the compressor 16. In fact, the work curve of



19 EP 4 556 819 A1 20

the compressor 16 is linear, in the form of A*(Tc-Te) with A
the linear coefficient of the compressor 16, Tc the con-
densation temperature at the compressor 16 outlet and
T1 the evaporation temperature at the compressor 16
inlet.

[0096] A further approach is to increase the evapora-
tion temperature suchthath1is changedtoh1’whileh1’>
h1andh1’>h2. In the same way, the coefficient COP will
evolve towards COP2.

COP2 h2' — h4
"~ h2' -t

[0097] The performance of the system will therefore be
improved by reducing the condensation temperature and
increasing the evaporation temperature. This is achieved
by controlling the subcooling SC and minimizing it. In this
case, evaporation takes place starting from the point X4’
to X1’, compression from X1’ to X2’, condensation from
X2’ to X3’ and expansion between X3’ to X4'.

Reference list

[0098]

101-106 heat pump system

12 circuit pipe

14 evaporator

16 compressor

18 condenser

20 expansion valve

22 sensor

24 measuring line

26 opening adjusting unit
28 actuator

29 valve seat

30 diaphragm

31 biasing element

32 first surface

34 second surface

36 first branch point

38 first connecting line

40 motor

42 adjustment unit

44 heat exchange means
46 first buffering container
48 further expansion valve
50 further opening adjusting unit
52 further sensor

54 further measuring line
56 further actuator

58 further diaphragm

60 second buffering container
62 third branch point

64 second connection pipe
66 pressure equalization pipe
68 second branch point
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DSH  de-superheating

h enthalpy

L liquid

p pressure

S separation line

SC subcooling

SH superheating

TP mixture of liquid and vapor
\% vapor

Claims

1. Heatpump system (101, 102, 103, 104, 105, 106)for
heating and/or cooling a refrigerant, comprising:

- a circuit pipe (12) along which the refrigerant
can be circulated,

- an evaporator (14) arranged in the circuit pipe
(12) for evaporating the refrigerant,

- a compressor (16) arranged in the circuit pipe
(12) for compressing the evaporated refrigerant,
- a condenser (18) arranged in the circuit pipe
(12) for liquefying the compressed refrigerant,
- a thermostatic expansion valve (20) arranged
in the circuit pipe (12) for expanding the liquefied
refrigerant, wherein the thermostatic expansion
valve (20) comprises an aperture (27), the open-
ing degree of the aperture (27) being adjustable,
and

- at least one sensor bulb (22) that

o is arranged between the condenser
(18) and the thermostatic expansion
valve (20), or inside the condenser or
inside the thermostatic expansion
valve,

oreacts according to the temperature or
pressure of the refrigerant,

o is connected to the thermostatic ex-
pansion valve (20) by a reacting line
(24)filled with a detecting fluid (FD) and
o is interacting with the thermostatic
expansion device (20) depending on
the temperature or pressure of the re-
frigerant, thereby adjusting the opening
degree of the aperture.

2. Heat pump system (101, 102, 103, 104, 105, 106)
according to claim 1, characterized in that the
thermostatic expansion valve (20) comprises an
opening adjusting unit (26) having an actuator (28)
that is movable by the detecting fluid (FD) and the
refrigerant for adjusting the opening degree of the
aperture (27).

3. Heat pump system (101, 102, 103, 104, 105, 106)
according to claim 2, characterized in that the ex-
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pansion valve (20) comprises a diaphragm (30) that
is deformable at least by the detecting fluid (FD),
wherein the deformation of the diaphragm (30) is
transferred to the actuator (28) causing the move-
ment of the actuator (28).

Heat pump system (101, 102, 103, 104, 105, 106)
according to claim 3, characterized in that the
diaphragm (30) is deformable by the detecting fluid
(FD) and the refrigerant.

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the claims 2 to 4, characterized
in that

a. the diaphragm (30) comprises a first surface
(32) and a second surface (34), wherein the
reacting line (24) is connected to the expansion
valve (20) such that the detecting fluid (FD) is
interacting with the first surface (32) and/or in
that

b. a first branch point (36) is arranged in the
circuit pipe (12) between the condenser (18) and
the opening adjusting unit (26) and/or

c. the heat pump system (101, 102, 103, 104,
105, 106) comprises a first connecting pipe (38)
that connects the circuit pipe (12) at the first
branch point (36) and the diaphragm (30) such
that the refrigerant interacts with the second
surface (34).

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the preceding claims, charac-
terized in that the thermostatic expansion device
(20) comprises an adjustment unit (42) for setting the
opening degree of the aperture (27).

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the claims 3 and 6, character-
ized in that

a. the opening adjusting unit (26) comprises a
valve seat (29), the valve seat (29) defining the
aperture (27) and/or

b. the actuator (28) comprises a needle (33) that
is movable with respect to the valve seat (29) by
the diaphragm (30) for adjusting the opening
degree of the aperture (27) and/or

c. a biasing element (31) for pre-tensioning the
needle (33) into its initial position is provided
and/or

d. the adjustment unit (42) comprises a setting
screw for adjusting the pre-tensioning force of
the biasing element (31).

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the preceding claims, charac-
terized in that heat pump system (101, 102, 103,
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10.

1.

12.

13.

22

104, 105, 106) comprises a heat exchange means
(44) arranged between the sensor bulb (22) and the
thermostatic expansion valve (20), wherein the cir-
cuit pipe (12) between the evaporator (14) and the
compressor (16) passes through the heat exchange
means (44).

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the preceding claims character-
ized in that the heat pump system (101, 102, 103,
104, 105, 106) comprises a first buffering container
(46) arranged in the circuit pipe (12) between the
evaporator (14) and the compressor (16).

Heat pump system (101, 102, 103, 104, 105, 106)
according to claim 9, characterized in that the
circuit pipe (12) between the first buffering container
(46) and the compressor (16) passes through the
heat exchange means (44).

Heat pump system (101, 102, 103, 104, 105, 106)
according to one of the preceding claims, charac-
terized in that the heat pump system (101, 102, 103,
104, 105, 106) comprises

- a further expansion device (48) arranged in the
circuit pipe (12) between the thermostatic ex-
pansion device (20) and the evaporator (14),
wherein the further expansion device (48) com-
prises a further aperture (51), the opening de-
gree of the further aperture (51) being adjustable
depending on a temperature of the refrigerant,
- at least one sensing unit (52) that

o is arranged between the evaporator (14)
and the compressor (16),

o measures the temperature or pressure of
the refrigerant and/or reacts according to
the temperature or pressure of the refriger-
ant, and

o is interacting with the further expansion
device (48) depending on the temperature
or pressure of the refrigerant, thereby ad-
justing the opening degree of the further
aperture (51).

Heat pump system (101, 102, 103, 104, 105, 106)
accordingto claim 11, characterized in that the heat
pump system (101, 102, 103, 104, 105, 106) com-
prises a second buffering container (60) arranged in
the circuit pipe (12) between the thermostatic expan-
sion valve (20) and the further expansion valve (48).

Heat pump system (101, 102, 103, 104, 105, 106)
accordingto claim 12, characterized in thatthe heat
pump system (101, 102, 103, 104, 105, 106) com-
prises a third branch point (62) arranged between the
evaporator (14) and the compressor (16), and a
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second connection pipe (64) that connects the sec-
ond buffering container (60) and the circuit pipe (12)
at the third branch point (62).

14. Method for operating a heat pump system (101,102, 5
103, 104, 105, 106) according to one of the preced-
ing claims, the method comprising the following
steps:

- evaporating the refrigerant using the evapora- 70
tor (14),

- compressing the evaporated refrigerant using

the compressor (16),

-liquefying the compressed refrigerant using the
condenser (18), 15
- expanding the liquefied refrigerant using the
thermostatic expansion valve (20), and

- adjusting the opening degree of the aperture
(27) depending on the temperature or pressure
acting on the sensor bulb (22). 20

15. Method according to claim 14, characterized in that

a. the heat pump system comprises a further
expansion device (48), wherein the method 25
comprises the following steps: measuring an-
d/or detecting the temperature or pressure of the
refrigerant using the sensing unit (52) between

the evaporator (14) and the compressor (16),

and adjusting the opening degree of the aper- 30
ture (51) according depending on the tempera-
ture or pressure acting on the sensor bulb (22)
and/or

b. the method comprises the step of adjusting

the opening degree of the aperture (27) such 35
that the subcooling being between more than OK

and less than 20K, preferably between 1 Kto 8K.
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