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Description

[0001] A system and method for heating and/or cooling
at least one space is provided. The system and method
are characterized in that a second heat transfer fluid is
used which comprises or consists of water, at least one
first encapsulated phase change material and at least
one second encapsulated phase change material,
wherein the first phase change material has a phase
change temperature which is lower than the phase
change temperature of the second phase change mate-
rial. At least two indoor heat exchangers are employed,
wherein each of the at least two indoor heat exchangers
has a temperature sensor configured to determine a tem-
perature information of the indoor space in which the in-
door heat exchanger is located. A controller is employed
which receives a temperature information from the tem-
perature sensors and controls the system based on said
temperature information. The system and method show
an improved efficiency in heating and/or cooling at least
one space compared to known systems and methods.
[0002] Heating and cooling are important for maintain-
ing the thermal comfort in building environments. Hybrid
HVRF has the potential to reduce fluorine gas (F gas)
and improve the efficiency of the system. With introduc-
tion of a PCM slurry as the heat transfer fluid, the pumping
power can be reduced and heat transfer can potentially
be enhanced.

[0003] EP 2667 107 A1 discloses an air-conditioning
apparatus including a refrigerant circulating circuit and a
heat medium circulating circuit that performs passing of
heat to and from the refrigerant circulating circuit. The
heat medium circulating circuit is a closed circuit, the
maximum pump pressure of a pump of the heat medium
circulating circuit is 150 kPa or more, and a pressure near
at least a suction side of the pump is set to a charged
pressure that is maintained equal to or higher than the
atmospheric pressure during operation of the pump.
[0004] JP 2000 161724 A discloses a system in which
a slurry-like heat carrying medium produced by mixing
heating/cooling microcapsules into water is employed.
The heating microcapsules are filled with a heat storage
material for heating which changes the phase when hot
heatis conveyed and the cooling microcapsules are filled
with a heat storage material for cooling which changes
the phase when cold heatis conveyed. Hot heat and cold
heatare conveyed utilizing latent heat of the heat storage
materials for heating and cooling. This system has the
disadvantage that the heating and/or cooling of at least
one space is not very efficient.

[0005] Starting therefrom, it was the object of the
present application to provide a system and a method
which does not have the disadvantages of prior art sys-
tems and methods. Specifically, it should be possible with
the system and method to improve the efficiency of heat-
ing and/or cooling at least one space.

[0006] The object is solved by the device having the
features of claim 1 and the method having the features
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of claim 8. The dependent claims illustrate advantageous
embodiments of the invention.

[0007] According to theinvention, a system for heating
and/or cooling atleast one space is provided, comprising

a) a refrigeration circuit, comprising

afirst heat transfer fluid comprising or consisting
of refrigerant,

a compressor,

at least one expansion device,

a four-way reversible valve, and

an outdoor heat exchanger suitable for transfer-
ring heat between the first heat transfer fluid and
outside air;

b) a heat medium circuit, comprising

a second heat transfer fluid comprising or con-
sisting of water, at least one first phase change
material and at least one second phase change
material, wherein the first phase change mate-
rial and the second phase change material are
encapsulated and wherein the first phase
change material has a phase change tempera-
ture which is lower than the phase change tem-
perature of the second phase change material,
a first heat indoor exchanger located in a first
indoor space and suitable for transferring heat
between the second heat transfer fluid and the
firstindoor space, and afirsttemperature sensor
configured to determine a temperature informa-
tion of the first indoor space in which the first
indoor heat exchanger is located,

a second indoor heat exchanger located in a
second indoor space suitable for transferring
heat between the second heat transfer fluid and
the second indoor space, and a second temper-
ature sensor configured to determine a temper-
ature information of the second indoor space in
which the second indoor heat exchanger is lo-
cated, and

at least one conveying means for circulating the
second heat transfer fluid through the first heat
medium heat exchanger and the second heat
medium exchanger;

c) at least one heat exchanger comprised by both
the refrigeration circuit and the heat medium circuit,
and being suitable for transferring heat between the
first heat transfer fluid and the second heat transfer
fluid; and

d) a controller configured to receive a temperature
information from at least the first temperature sensor
and the second temperature sensor, wherein the
controller is configured to control the system based
on a temperature information received from at least
the first temperature sensor and the second temper-



3 EP 4 249 814 A1 4

ature sensor.

[0008] In view of the configuration of the controller to
receive a temperature information from at least the first
temperature sensor and the second temperature sensor
and to control the system based on a temperature infor-
mation received from at least the first temperature sensor
and the second temperature sensor, the efficiency of
heating and/or cooling at least one space is improved
compared to prior art systems which use a second heat
transfer fluid comprising or consisting of water, at least
one first phase change material and at least one second
phase change material.

[0009] The second heat transfer fluid can comprise or
consist of a slurry.

[0010] The at least one conveying means can be at
least two conveying means. Furthermore, the at least
one conveying means and/or at least one further con-
veying means can comprise a pump and/or a pressure
device, or consist thereof. A pressure device can be ben-
eficial to avoid a damage to the encapsulated first phase
change material and to the encapsulated second phase
change material present in the second heat transfer fluid.
[0011] The first phase change material can have a
phase transition temperature in the range of 5 °C to 15
°C, preferably in the range of 8 °C to 12 °C, especially
10 °C. The first phase change material can comprise or
consist of a material selected from the group consisting
of paraffins, sugars, clathrate hydrates and combinations
thereof.

[0012] The second phase change material can have a
phase transition temperature in the range of 35 °C to 45
°C, preferably in the range of 38 °C to 42 °C, especially
40 °C. The second phase change material can comprise
or consist of a material selected from the group consisting
of paraffins, sugars, clathrate hydrates and combinations
thereof.

[0013] Theencapsulationofthe firstphase change ma-
terial and/or of the second phase change material can
comprise or consist of a material selected from the group
consisting of inorganic materials, polymeric resins, met-
als, metal alloys and combinations thereof.

[0014] The encapsulated first phase change material
and/or second phase change material can form capsules
having a diameter in the range of 1 to 20 um, preferably
in the range of 1.5 to 10 um, more preferably in the range
of 2 to 5 wm. The diameter can refer to a diameter de-
termined by laser diffraction, dynamic light scattering, op-
tical microscopy and/or electron microscopy.

[0015] The second heattransfer fluid can comprise the
first phase change material in an amount of 10 to 25 wt.-
%, in relation to the total weight of the second heat trans-
fer fluid. Moreover, the second heat transfer fluid can
comprise the second phase change material in an
amount of 10 to 25 wt.-%, in relation to the total weight
of the second heat transfer fluid. The remaining weight
ofthe second heat transfer fluid can be made up by water.
[0016] The firstindoor heat exchanger and/or the sec-
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ond indoor heat exchanger can comprise a fan.

[0017] The heat medium circuit of the system, prefer-
ably afluid circuit of the first indoor heat exchanger and/or
the second indoor heat exchanger, can comprise at least
one motorized valve.

[0018] Ina preferred embodiment, the controlleris con-
figured to determine, in a cooling operation mode of the
system, which indoor heat exchanger has the highest
cooling load based on the temperature information re-
ceived from at least the first temperature sensor and the
second temperature sensor, wherein the controller is
configured to

i) control a fan of the indoor heat exchanger which
has the highest cooling load to be always on at a
fixed speed, wherein the fixed speed is preferably
selectable by a user of the indoor heat exchanger;
ii) control a speed of the compressor to achieve a
target temperature of the first phase change material
in an indoor space in which the indoor heat exchang-
er determined to have the highest cooling load is
located, wherein the target temperature of the first
phase change material is set according to a temper-
ature difference between a target temperature in an
indoor space in which the indoor heat exchanger de-
termined to have the highest cooling load is located
and an actual temperature in said indoor space (de-
termined by a temperature sensor in said indoor
space);

i) control an opening degree of at least one motor-
ized valve located in a fluid circuit of the indoor heat
exchanger which has the highest cooling load to
achieve a target temperature of the first phase
change material at said indoor heat exchanger,
wherein the target temperature is a temperature in
a range determined by the phase change tempera-
ture of the first phase change material = a predeter-
mined target temperature difference of the first
phase change material, wherein the predetermined
target temperature difference of the first phase
change material is preferably in the range of >0 K to
10 K, more preferably in the range of 0.5 Kto 10 K,
particularly preferably in the range of 1 Kto 5 K; and
iv) set a target temperature of the first phase change
material to be a temperature which is the phase
change temperature of the first phase change ma-
terial minus the predetermined target temperature
difference of the first phase change material.

[0019] The system can comprise a thermostat control-
lingthe firstindoor heat exchanger. Furthermore, the sys-
tem can comprise a thermostat controlling the second
indoor heat exchanger.

[0020] Moreover, the controller can be configured to
determine, in a cooling operation mode of the system,
which indoor heat exchanger has a lower than highest
cooling load based on a temperature information re-
ceived from at least the first temperature sensor and the
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second temperature sensor, wherein the controller is
configured to

i) control a fan of the indoor heat exchanger which
has a lower than highest cooling load to switch on
or off based on a setting of a thermostat controlling
said indoor heat exchanger to maintain a tempera-
ture of an indoor space in which said indoor heat
exchanger is located within a dead band; and

ii) control an opening degree of a motorized valve
located in a fluid circuit of the indoor heat exchanger
which has a lower than highest heating load to
achieve a predetermined target temperature differ-
ence of the first phase change material at the indoor
heat exchanger which has alower than highest cool-
ing load, wherein the predetermined target temper-
ature difference of the first phase change material is
preferably in the range of >0 K to 10 K, more prefer-
ably in the range of 0.5 K to 10 K, particularly pref-
erably in the range of 1 K to 5 K.

[0021] In a further preferred embodiment, the control-
ler is configured to determine, in a heating operation
mode of the system, which indoor heat exchanger has
the highest heating load based on the temperature infor-
mation received from at least the first temperature sensor
and the second temperature sensor, wherein the control-
ler is configured to

i) control a fan of the indoor heat exchanger which
has the highest heating load to be always on at a
fixed speed, wherein the fixed speed is preferably
selectable by a user of the indoor heat exchanger;

ii) control a speed of the compressor to achieve a
target temperature of the second phase change ma-
terial in an indoor space in which the indoor heat
exchanger determined to have the highest heating
load is located, wherein the target temperature of
the second phase change material is set according
to a temperature difference between a target tem-
perature in an indoor space in which the indoor heat
exchanger determined to have the highest heating
load is located and an actual temperature in said
indoor space (determined by a temperature sensor
in said indoor space);

iii) control an opening degree of at least one motor-
ized valve located in a fluid circuit of the indoor heat
exchanger which has the highest heating load to
achieve a target temperature of the second phase
change material at said indoor heat exchanger,
wherein the target temperature is a temperature in
a range determined by the phase change tempera-
ture of the second phase change material = a pre-
determined target temperature difference of the sec-
ond phase change material, wherein the predeter-
mined target temperature difference of the second
phase change material is preferably in the range of
>0 K to 10 K, more preferably in the range of 0.5 K
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to 10 K, particularly preferably in the range of 1 K to
5 K; and

iv) set a target temperature of the second phase
change material to be a temperature which is the
phase change temperature of the second phase
change material plus the predetermined target tem-
perature difference of the first phase change mate-
rial.

[0022] Moreover, the controller can be configured to
determine, in a heating operation mode of the system,
which indoor heat exchanger has a lower than highest
heating load based on a temperature information re-
ceived from at least the first temperature sensor and the
second temperature sensor, wherein the controller is
configured to

i) control a fan of the indoor heat exchanger which
has a lower than highest heating load to switch on
or off based on a setting of a thermostat controlling
said indoor heat exchanger to maintain a tempera-
ture of an indoor space in which said indoor heat
exchanger is located within a dead band; and

ii) control an opening degree of a motorized valve
located in a fluid circuit of the indoor heat exchanger
which has a lower than highest heating load to
achieve a predetermined target temperature differ-
ence of the second phase change material at the
indoor heat exchanger which has a lower than high-
est heating load, wherein the predetermined target
temperature difference of the second phase change
material is preferably in the range of >0 K to 10 K,
more preferably in the range of 0.5 K to 10 K, par-
ticularly preferably in the range of 1 Kto 5 K.

[0023] Furthermore, the controller can be configured
to, in a cooling operation of the system and/or in a heating
operation mode of the system,

i) control a speed of the at least one conveying
means to achieve a target flow-rate of the second
heat transfer fluid in the first heat indoor exchanger
and/or in the second indoor heat exchanger; and
ii) control an opening degree of the at least one ex-
pansion device to achieve a target superheat in the
refrigeration circuit.

[0024] The refrigeration circuit of the system can com-
prise an accumulator. The heat medium circuit of the sys-
tem can comprise at least one, preferably at least two,
storage device(s) for storing the second heat transfer flu-
id.

[0025] According tothe invention, a method for heating
and/or cooling atleast one space is provided, comprising

a) providing a system comprising

i) a refrigeration circuit, comprising
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a first heat transfer fluid comprising or con-
sisting of refrigerant,

a compressor,

at least one expansion device,

a four-way reversible valve, and

an outdoor heat exchanger suitable for
transferring heat between the first heat
transfer fluid and outside air;

ii) a heat medium circuit, comprising

a second heat transfer fluid comprising or
consisting of water, at least one first phase
change material and at least one second
phase change material, wherein the first
phase change material and the second
phase change material are encapsulated
and wherein the first phase change material
has a phase change temperature which is
lower than the phase change temperature
of the second phase change material,

a first heat indoor exchanger located in a
first indoor space and suitable for transfer-
ring heat between the second heat transfer
fluid and the first indoor space, and a first
temperature sensor configured to deter-
mine a temperature information of the first
indoor space in which the first indoor heat
exchanger is located,

a second indoor heat exchanger located in
a second indoor space suitable for transfer-
ring heat between the second heat transfer
fluid and the second indoor space, and a
second temperature sensor configured to
determine a temperature information of the
second indoor space in which the second
indoor heat exchanger is located, and
atleast one conveying means for circulating
the second heat transfer fluid through the
first heat medium heat exchanger and the
second heat medium exchanger;

ii) at least one heat exchanger comprised by
both the refrigeration circuit and the heat medi-
um circuit, and being suitable for transferring
heat between the first heat transfer fluid and the
second heat transfer fluid; and

iv) a controller configured to receive a temper-
ature information from at least the first temper-
ature sensor and the second temperature sen-
sor,

b) control the system based on a temperature infor-
mation received from at least the first temperature
sensor and the second temperature sensor.

[0026] In view of the configuration of the controller to
receive a temperature information from at least the first
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temperature sensor and the second temperature sensor
and the control of the system based on a temperature
information received from at least the first temperature
sensor and the second temperature sensor, the efficien-
cy of heating and/or cooling at least one space is im-
proved compared to prior art methods which use a sec-
ond heat transfer fluid comprising or consisting of water,
at least one first phase change material and at least one
second phase change material.

[0027] Inthe method according to the invention, a sys-
tem according to the invention can be provided in step
a). Moreover, in the method according to the invention,
the control and/or each setting performed in the method
can be implemented by a controller of the system, pref-
erably by a controller of a system according to the inven-
tion.

[0028] In a preferred embodiment of the method, it is
determined, in a cooling operation mode of the system,
which indoor heat exchanger has the highest cooling load
based on the temperature information received from at
least the first temperature sensor and the second tem-
perature sensor, wherein

i) a fan of the indoor heat exchanger which has the
highest cooling load is set to be always on at a fixed
speed, wherein the fixed speed is preferably select-
ed by a user of the indoor heat exchanger;

ii) a speed of the compressor is set to achieve a
target temperature of the first phase change material
in an indoor space in which the indoor heat exchang-
er determined to have the highest cooling load is
located, wherein the target temperature of the first
phase change material is set according to a temper-
ature difference between a target temperature in an
indoor space in which the indoor heat exchanger de-
termined to have the highest cooling load is located
and an actual temperature in said indoor space (de-
termined by a temperature sensor in said indoor
space);

iii) an opening degree of atleast one motorized valve
located in a fluid circuit of the indoor heat exchanger
which has the highest cooling load is set to achieve
a target temperature of the first phase change ma-
terial at said indoor heat exchanger, wherein the tar-
get temperature is a temperature in a range deter-
mined by the phase change temperature of the first
phase change material = a predetermined target
temperature difference of the first phase change ma-
terial, wherein the predetermined target temperature
difference of the first phase change material is pref-
erably in the range of >0 K to 10 K, more preferably
in the range of 0.5 K to 10 K, particularly preferably
in the range of 1 K to 5 K; and

iv) a target temperature of the first phase change
material is setto be atemperature which is the phase
change temperature of the first phase change ma-
terial minus the predetermined target temperature
difference of the first phase change material.
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[0029] In a cooling operation mode of the system, it
can be determined in the method which indoor heat ex-
changer has a lower than highest cooling load based on
a temperature information received from at least the first
temperature sensor and the second temperature sensor,
wherein

i) a fan of the indoor heat exchanger (which has a
lower than highest cooling load is set to switch on or
off based on a setting of a thermostat controlling said
indoor heat exchanger to maintain a temperature of
anindoor space in which said indoor heat exchanger
is located within a dead band; and

ii) an opening degree of a motorized valve located
in a fluid circuit of the indoor heat exchanger which
has a lower than highest heating load is set to
achieve a predetermined target temperature differ-
ence of the first phase change material at the indoor
heat exchanger which has alower than highest cool-
ing load, wherein the predetermined target temper-
ature difference of the first phase change material is
preferably in the range of >0 K to 10 K, more prefer-
ably in the range of 0.5 K to 10 K, particularly pref-
erably in the range of 1 K to 5 K.

[0030] In a further preferred embodiment of the meth-
od, it is determined, in a heating operation mode of the
system, which indoor heat exchanger has the highest
heating load based on the temperature information re-
ceived from at least the first temperature sensor and the
second temperature sensor, wherein

i) a fan of the indoor heat exchanger which has the
highest heating load is set to be always on at a fixed
speed, wherein the fixed speed is preferably selecta-
ble by a user of the indoor heat exchanger;

ii) a speed of the compressor is set to achieve a
target temperature of the second phase change ma-
terial in an indoor space in which the indoor heat
exchanger determined to have the highest heating
load is located, wherein the target temperature of
the second phase change material is set according
to a temperature difference between a target tem-
perature in an indoor space in which the indoor heat
exchanger determined to have the highest heating
load is located and an actual temperature in said
indoor space (determined by a temperature sensor
in said indoor space);

iii) an opening degree of atleast one motorized valve
located in a fluid circuit of the indoor heat exchanger
which has the highest heating load is set to achieve
a target temperature of the second phase change
material at said indoor heat exchanger, wherein the
target temperature is a temperature in a range de-
termined by the phase change temperature of the
second phase change material = a predetermined
target temperature difference of the second phase
change material, wherein the predetermined target
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temperature difference of the second phase change
material is preferably in the range of >0 K to 10 K,
more preferably in the range of 0.5 K to 10 K, par-
ticularly preferably in the range of 1 K to 5 K; and
iv) a target temperature of the second phase change
material is setto be atemperature which is the phase
change temperature of the second phase change
material plus the predetermined target temperature
difference of the first phase change material.

[0031] In a heating operation mode of the system, it
can be determined in the method which indoor heat ex-
changer has a lower than highest heating load based on
a temperature information received from at least the first
temperature sensor and the second temperature sensor,
wherein

i) a fan of the indoor heat exchanger which has a
lower than highest heating load is set to switch on
or off based on a setting of a thermostat controlling
said indoor heat exchanger to maintain a tempera-
ture of an indoor space in which said indoor heat
exchanger is located within a dead band; and

ii) an opening degree of a motorized valve located
in a fluid circuit of the indoor heat exchanger which
has a lower than highest heating load is set to
achieve a predetermined target temperature differ-
ence of the second phase change material at the
indoor heat exchanger which has a lower than high-
est heating load, wherein the predetermined target
temperature difference of the second phase change
material is preferably in the range of >0 K to 10 K,
more preferably in the range of 0.5 K to 10 K, par-
ticularly preferably in the range of 1 Kto 5 K.

[0032] Furthermore, in a preferred embodiment of the
method, in a cooling operation of the system and/or in a
heating operation mode of the system,

i) a speed of the atleast one conveying means is set
toachieve a target flow-rate of the second heat trans-
fer fluid in the first heat indoor exchanger and/or in
the second indoor heat exchanger; and

ii) an opening degree of the at least one expansion
device is set to achieve a target superheat in the
refrigeration circuit.

[0033] Inthe method, the refrigeration circuit of the sys-
tem can comprise an accumulator. Moreover, in the
method, the heat medium circuit of the system cab com-
prises at least one, preferably at least two, storage de-
vice(s) for storing the second heat transfer fluid.

[0034] With reference to the following figures and ex-
amples, the subjectaccording to the inventionis intended
to be explained in more detail without wishing to restrict
said subject to the specific embodiments shown here.

Figure 1 illustrates graph showing the dependency
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of an enthalpy of a first phase change material and
of a second phase change material depending on
the temperature. For example, the first phase
change material, which can be used for a cooling
operation mode, has a phase change temperature
(PCT1) of 10 °C and second phase change material
PCM2, which can be used for a heating operation
mode, has a phase change temperature (PCT2) of
40 °C. For each phase change material, an equilib-
rium temperature with a phase change temperature
band can be characterized, wherein the phase
change temperature band is formed by the respec-
tive phase change temperature PCT1, PCT2 = a
predetermined target temperature difference
A_PCM1, A_PCM2 of the respective phase change
material. The predetermined target temperature dif-
ference A PCM1, A_PCM2 can be obtained in ad-
vance as default values and further tuned in the real
system. Forexample, the first phase change material
has a predetermined target temperature difference
A_PCM1 of 2 K and the second phase change ma-
terial has a predetermined target temperature differ-
ence A_PCM2 of 3K. Itfollows that the phase change
temperature band of the first phase change material
is 10 °C = 2 K and the phase change temperature
band of the second phase change material is 40 °C
+ 3K

Figure 2 illustrates a multiple PCM slurry based
HVAC system according to the invention.

Figure 3 illustrates the multiple PCM slurry based
HVAC system according to the invention shown in
Figure 2 schematically. The system comprises a re-
frigeration circuit which comprises a first heat trans-
fer fluid comprising or consisting of refrigerant, a
compressor 1, at least one expansion device 2, 2’,
a four-way reversible valve 3 and an outdoor heat
exchanger suitable for transferring heat between the
first heat transfer fluid and outside air. The system
further comprises a heat medium circuit which com-
prises asecond heattransfer fluid comprising or con-
sisting of water, at least one first phase change ma-
terial PCM1 and at least one second phase change
material PCM2, wherein the first phase change ma-
terial and the second phase change material are en-
capsulated and wherein the first phase change ma-
terial PCM1 has a phase change temperature PCM
1 which is lower than the phase change temperature
of the second phase change material PCM2. More-
over, the heat medium circuit comprises a first heat
indoor exchanger 7 located in a first indoor space
and suitable for transferring heat between the sec-
ond heat transfer fluid and the firstindoor space, and
a first temperature sensor 5 configured to determine
a temperature information of the first indoor space
in which the first indoor heat exchanger 7 is located.
Furthermore, the heat medium circuit comprises a
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second indoor heat exchanger 7’ located in a second
indoor space suitable for transferring heat between
the second heat transfer fluid and the second indoor
space, and a second temperature sensor 5’ config-
ured to determine a temperature information of the
second indoor space in which the second indoor heat
exchanger 7’ is located. In addition, the system com-
prises two pumps 6, 6’ as conveying means for cir-
culating the second heat transfer fluid through the
first heat medium heat exchanger 7 and the second
heat medium exchanger 7’ and two heat exchangers
8, 8’ comprised by both the refrigeration circuit and
the heat medium circuit, and are suitable for trans-
ferring heat between the first heat transfer fluid and
the second heat transfer fluid. The system further
comprises a controller (not shown) configured to re-
ceive a temperature information from at least the first
temperature sensor 5 and the second temperature
sensor 5’, wherein the controlleris configured to con-
trol the system based on a temperature information
received from at least the first temperature sensor 5
and the second temperature sensor 5'.

Figure 4 illustrates schematically operational modes
of the system according to the invention. The cooling
operation mode is subdivided into a cooling only
mode and a cooling main mode and the heating op-
eration mode is subdivided into a heating only mode
and a heating main mode. Between the cooling main
mode and a heating main mode, a total heatrecovery
mode is illustrated.

Figure 5 illustrates schematically a control diagram
for the compressor of the refrigerant circuit and for
a motorized valve of the refrigerant circuit regarding
an indoor heat exchanger which has the highest
cooling load.

Figure 6 illustrates schematically a control diagram
for a fan of the heat medium circuit and for a motor-
ized valve of the refrigerant circuit regarding an in-
door heat exchanger of which has a lower than high-
est cooling load.

Figure 7 illustrates schematically a control diagram
for a pump as the at least one conveying means of
the heat medium circuit and an expansion valve of
the refrigerant circuit regarding all indoor heat ex-
changers which have a cooling load.

Figure 8 illustrates schematically a control diagram
for the compressor of the refrigerant circuit and for
a motorized valve of the refrigerant circuit regarding
the indoor heat exchanger which has the highest
heating load.

Figure 9 illustrates schematically a control diagram
for a fan of the heat medium circuit and for a motor-
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ized valve of the refrigerant circuit regarding an in-
door heat exchanger which has a lower than highest
heating load.

Figure 10 illustrates schematically a control diagram
for a pump as the at least one conveying means of
the heat medium circuit and an expansion valve of
the refrigerant circuit regarding all indoor heat ex-
changers of the inventive system which have a heat-
ing load.

Example 1 - Configuration of controllerin the cooling
(only) operation mode (Figures 5 to 7)

[0035] Forexample,both Zone 1 and Zone 2illustrated
in Figure 3 need cooling.

[0036] For an indoor heat exchanger with the highest
cooling load among all indoor heat exchangers of the
system, the main algorithm is explained below and in
Figure 5 by using PI as the example control mechanism:

* Indoorunitfanis always on ata fixed speed (selected
by occupant).

e Compressor speed adjusted automatically to
achieve target T_PCM1. Target T_PCM1 set ac-
cording to AT between room set point and actual
room temperature.

e Valve position on indoor unit branch (either divert-
ing/bypass valve or regulated ball valve) set accord-
ing to the branch’s target flow-rate. Target flow-rate
to indoor unit set to achieve target AT_PCM1.

e The target temperature T_PCM1 should be set at
PCM (of the first phase change material) -
AT_PCM1. By doing so the latent energy of phase
change will be fully utilized.

[0037] Foranindoor heat exchanger with a lower than
highest cooling load among all indoor heat exchangers
of the system, the main algorithm is explained below and
in Figure 6 by using Pl as the example control mecha-
nism:

¢ Indoor unit fan switches on or off according to ther-
mostat to maintain room temperature with dead
band.

e T_PCM1 toindoor unitis fixed according to the zone
with the highest cooling load (see above).

e Valve position on indoor unit branch set according
to the branch’s target flow-rate. Target flow-rate to
indoor unit set to achieve target AT_PCM1.

[0038] For all indoor heat exchangers of the system,
the control mechanism of a pump of the heat medium
circuit (pump of Hydronic Box) and an expansion valve
of the refrigerant circuit (expansion valve of outdoor unit)
is explained below and in Figure 7:

e Pump speed set to achieve target slurry flow-rate in
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indoor heat exchanger;
* Expansion valve opening degree set to achieve tar-
get superheat on refrigerant side.

Example 2 - Configuration of controllerin the heating
(only) operation mode (Figures 8 to 10)

[0039] Forexample, both Zone 1and Zone 2illustrated
in Figure 3 need heating.

[0040] For an indoor heat exchanger with the highest
heating load among all indoor heat exchangers of the
system, the main algorithm is explained below and in
Figure 8 by using PI as the example control mechanism:

¢ Indoorunitfanisalways on atafixed speed (selected
by occupant).

e Compressor speed adjusted automatically to
achieve target T_PCM2. Target T_PCM2 set ac-
cording to AT between room set point and actual
room temperature.

¢ Valve position on indoor unit branch (either divert-
ing/bypass valve or regulated ball valve) set accord-
ing to the branch’s target flow-rate. Target flow-rate
to indoor unit set to achieve target AT_PCM2.

e The target temperature T_PCM2 should be set at
PCM (of the second phase change material) +
AT_PCM2. By doing so the latent energy of phase
change will be fully utilized

[0041] For anindoor heat exchanger with a lower than
highest heating load among all indoor heat exchangers
of the system, the main algorithm is explained below and
in Figure 8 by using Pl as the example control mecha-
nism:

* Indoor unit fan switches on or off according to ther-
mostat to maintain room temperature with dead
band.

e T_PCM2 toindoor unitis fixed according to the zone
with the highest cooling load (see above).

¢ Valve position on indoor unit branch set according
to the branch’s target flow-rate. Target flow-rate to
indoor unit set to achieve target AT_PCM2.

[0042] For all indoor heat exchangers of the system,
the control mechanism of a pump of the heat medium
circuit (pump of Hydronic Box) and an expansion valve
of the refrigerant circuit (expansion valve of outdoor unit)
is explained below and in Figure 10:

e Pump speed set to achieve target slurry flow-rate in
in indoor heat exchanger;

e Expansion valve opening degree set to achieve tar-
get superheat on refrigerant side.

List of reference signs and abbreviations

[0043]
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AT_PCM1:

AT_PCM2:

Slurry circuit:
V_flow:

Super_Heat:
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compressor,
expansion device,

four-way reversible valve;

outdoor heat exchanger;

temperature sensor;

pump,

first indoor heat exchanger;

second indoor heat exchanger;

heat exchanger between refrigerant cir-
cuit and heat medium circuit;
accumulator;

motorized valve in first indoor heat ex-
changer circuit;

motorized valve in second second heat
exchanger circuit;

fan of first indoor heat exchanger;

fan of second indoor heat exchanger;
setpoint;

Temperature of first indoor space
and/or of second indoor space;

error value defined as the difference be-
tween a desired setpoint and a meas-
ured process variable;
proportional-integral controller;

first phase change material;

second phase change material;

target temperature of the first phase
change material;

target temperature of the second phase
change material;

temperature difference between a tar-
get temperature in an indoor space in
which an indoor heat exchanger is lo-
cated and an actual temperature in said
indoor space;

predetermined target temperature dif-
ference of the first phase change mate-
rial;

predetermined target temperature dif-
ference of the second phase change
material;

circuit of second heat transfer medium;
flow-rate of the second heat transfer flu-
id;

super heat in the refrigeration circuit;
expansion device 2, 2’;

phase change temperature.

1. A system for heating and/or cooling at least one
space, comprising

a)a

refrigeration circuit, comprising

a first heat transfer fluid comprising or con-
sisting of refrigerant,
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a compressor (1),

at least one expansion device (2, 2°),

a four-way reversible valve (3), and

an outdoor heat exchanger (4) suitable for
transferring heat between the first heat
transfer fluid and outside air;

b) a heat medium circuit, comprising

a second heat transfer fluid comprising or
consisting of water, at least one first phase
change material (PCM1) and at least one
second phase change material (PCM2),
wherein the first phase change material and
the second phase change material are en-
capsulated and wherein the first phase
change material (PCM1) has a phase
change temperature (PCM) which is lower
than the phase change temperature of the
second phase change material (PCM2),

a first heat indoor exchanger (7) located in
a first indoor space and suitable for trans-
ferring heat between the second heat trans-
fer fluid and the first indoor space, and a
first temperature sensor (5) configured to
determine a temperature information of the
first indoor space in which the first indoor
heat exchanger (7) is located,
asecondindoor heatexchanger (7’) located
in a second indoor space suitable for trans-
ferring heat between the second heat trans-
fer fluid and the second indoor space, and
a second temperature sensor (5°) config-
ured to determine a temperature informa-
tion of the second indoor space in which the
second indoor heat exchanger (7’) is locat-
ed, and

at least one conveying means (6, 6') for cir-
culating the second heat transfer fluid
through the first heat medium heat ex-
changer (7) and the second heat medium
exchanger (7°);

c) at least one heat exchanger (8, 8’) comprised
by both the refrigeration circuit and the heat me-
dium circuit, and being suitable for transferring
heat between the first heat transfer fluid and the
second heat transfer fluid; and

d) a controller configured to receive a tempera-
ture information from at least the first tempera-
ture sensor (5) and the second temperature sen-
sor (5°), wherein the controller is configured to
control the system based on a temperature in-
formation received from at least the first temper-
ature sensor (5) and the second temperature
sensor (5').

2. Systemaccording claim 1, characterized in that the



17 EP 4 249 814 A1 18

controller is configured to determine, in a cooling op-
eration mode of the system, which indoor heat ex-
changer (7, 7’) has the highest cooling load based
on the temperature information received from atleast
the first temperature sensor (5) and the second tem-
perature sensor (5°), wherein the controller is con-
figured to

i) control a fan (12,12’) of the indoor heat ex-
changer (7, 7’) which has the highest cooling
load to be always on at a fixed speed, wherein
the fixed speed is preferably selectable by a user
of the indoor heat exchanger (7, 7°);

ii) control a speed of the compressor (1) to
achieve a target temperature (T_PCM?1) of the
first phase change material (PCM1) in an indoor
space in which the indoor heat exchanger (7, 7°)
determined to have the highest cooling load is
located, wherein the target temperature
(T_PCM1) of the first phase change material
(PCM1) is set according to a temperature differ-
ence (AT) between a target temperature in an
indoor space in which the indoor heat exchanger
(7, 7’) determined to have the highest cooling
loadis located and an actual temperature in said
indoor space;

iii) control an opening degree of atleast one mo-
torized valve (10, 10, 11, 11’) located in a fluid
circuit of the indoor heat exchanger (7, 7’) which
has the highest cooling load to achieve a target
temperature (T_PCM1) of the first phase
change material (PCM1) at said indoor heat ex-
changer (7, 7°), wherein the target temperature
(T_PCM1) is a temperature in a range deter-
mined by the phase change temperature (PCT)
of the first phase change material (PCM1) * a
predetermined target temperature difference
(AT_PCM1) of the first phase change material
(PCM1), wherein the predetermined target tem-
perature difference (AT_PCM1) of the first
phase change material (PCM1) is preferably in
the range of >0 K'to 10 K, more preferably in the
range of 0.5 K to 10 K, particularly preferably in
the range of 1 Kto 5 K; and

iv) set atarget temperature (T_PCM1) of the first
phase change material (PCM1) to be a temper-
ature which is the phase change temperature of
the first phase change material (PCM1) minus
the predetermined target temperature differ-
ence (AT_PCM1) of the first phase change ma-
terial (PCM1).

System according to one of the preceding claims,
characterized in that the controller is configured to
determine, in a cooling operation mode of the sys-
tem, which indoor heat exchanger (7, 7°) has a lower
than highest cooling load based on a temperature
information received from at least the first tempera-
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ture sensor (5) and the second temperature sensor
(5), wherein the controller is configured to

i) control a fan (12,12’) of the indoor heat ex-
changer (7, 7’) which has a lower than highest
cooling load to switch on or off based on a setting
of a thermostat controlling said indoor heat ex-
changer (7, 7°) to maintain a temperature of an
indoor space in which said indoor heat exchang-
er is located within a dead band; and

ii) control an opening degree of a motorized
valve (10, 10’, 11, 11’) located in a fluid circuit
of the indoor heat exchanger (7, 7’) which has
a lower than highest heating load to achieve a
predetermined target temperature difference
(AT_PCMH1) of the first phase change material
(PCM1) at the indoor heat exchanger (7, 7°)
which has a lower than highest cooling load,
wherein the predetermined target temperature
difference (AT_PCM1) of the first phase change
material (PCM1) is preferably in the range of >0
K to 10K, more preferably in the range of 0.5 K
to 10 K, particularly preferably in the range of 1
Kto 5 K.

System according to one of the preceding claims,
characterized in that the controller is configured to
determine, in a heating operation mode of the sys-
tem, which indoor heat exchanger (7, 7’) has the
highest heating load based on the temperature in-
formation received from at least the first temperature
sensor (5) and the second temperature sensor (5’),
wherein the controller is configured to

i) control a fan (12, 12’) of the indoor heat ex-
changer (7, 7’) which has the highest heating
load to be always on at a fixed speed, wherein
the fixed speed s preferably selectable by auser
of the indoor heat exchanger (7, 7°);

ii) control a speed of the compressor (1) to
achieve a target temperature (T_PCM2) of the
second phase change material (PCM2)in anin-
door space in which the indoor heat exchanger
(7, 7’) determined to have the highest heating
load is located, wherein the target temperature
(T_PCM2) of the second phase change material
(PCM2) is set according to a temperature differ-
ence (AT) between a target temperature in an
indoor space in which the indoor heat exchanger
(7, 7’) determined to have the highest heating
loadis located and an actual temperature in said
indoor space;

iii) control an opening degree of at least one mo-
torized valve (10, 10, 11, 11°) located in a fluid
circuit of the indoor heat exchanger (7, 7°) which
has the highest heating load to achieve a target
temperature (T_PCM2) of the second phase
change material (PCM2) at said indoor heat ex-
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changer (7, 7°), wherein the target temperature
(T_PCM2) is a temperature in a range deter-
mined by the phase change temperature (PCT)
of the second phase change material (PCM2)
+ a predetermined target temperature differ-
ence (AT_PCM2) of the second phase change
material (PCM1), wherein the predetermined
target temperature difference (AT_PCM2) of the
second phase change material (PCM2) is pref-
erably in the range of >0 K to 10 K, more pref-
erably in the range of 0.5 K to 10 K, particularly
preferably in the range of 1 Kto 5 K; and

iv) set a target temperature (T_PCM2) of the
second phase change material (PCM2) to be a
temperature which is the phase change temper-
ature (PCM) of the second phase change ma-
terial (PCM2) plus the predetermined target
temperature difference (AT_PCM2) of the first
phase change material (PCM2).

System according to one of the preceding claims,
characterized in that the controller is configured to
determine, in a heating operation mode of the sys-
tem, which indoor heat exchanger (7, 7°) has a lower
than highest heating load based on a temperature
information received from at least the first tempera-
ture sensor (5) and the second temperature sensor
(5’), wherein the controller is configured to

i) control a fan (12,12’) of the indoor heat ex-
changer (7, 7’) which has a lower than highest
heating load to switch on or off based on a setting
of a thermostat controlling said indoor heat ex-
changer (7, 7°) to maintain a temperature of an
indoor space in which said indoor heat exchang-
er is located within a dead band; and

ii) control an opening degree of a motorized
valve (10, 10’, 11, 11’) located in a fluid circuit
of the indoor heat exchanger (7, 7°) which has
a lower than highest heating load to achieve a
predetermined target temperature difference
(AT_PCM2) of the second phase change mate-
rial (PCM2) at the indoor heat exchanger (7, 7°)
which has a lower than highest heating load,
wherein the predetermined target temperature
difference (AT_PCM2) of the second phase
change material (PCM2) is preferably in the
range of >0 K to 10 K, more preferably in the
range of 0.5 K to 10 K, particularly preferably in
the range of 1 Kto 5 K.

System according to one of the preceding claims,
characterized in that the controller is configured to,
in a cooling operation of the system and/or in a heat-
ing operation mode of the system,

i) control a speed of the at least one conveying
means (6, 6’) to achieve a target flow-rate
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(V_flow) of the second heat transfer fluid in the
first heat indoor exchanger (7) and/or in the sec-
ond indoor heat exchanger (7°); and

ii) control an opening degree of the at least one
expansion device (2, 2’) to achieve a target su-
perheat (Super_Heat) in the refrigeration circuit.

System according to one of the preceding claims,
characterized in that the refrigeration circuit com-
prises an accumulator (9) and/or the heat medium
circuitcomprises at least one, preferably atleast two,
storage device(s) for storing the second heat transfer
fluid.

A method for heating and/or cooling at least one
space, comprising

a) providing a system comprising
i) a refrigeration circuit, comprising

a first heat transfer fluid comprising or
consisting of refrigerant,

a compressor (1),

at least one expansion device (2, 2°),
a four-way reversible valve (3), and
an outdoor heat exchanger (4) suitable
for transferring heat between the first
heat transfer fluid and outside air;

ii) a heat medium circuit, comprising

a second heat transfer fluid comprising
or consisting of water, at least one first
phase change material (PCM1) and at
least one second phase change mate-
rial (PCM2), wherein the first phase
change material and the second phase
change material are encapsulated and
wherein the first phase change material
(PCM1) has a phase change tempera-
ture which is lower than the phase
change temperature of the second
phase change material (PCM2),
afirstheatindoor exchanger (7)located
in a first indoor space and suitable for
transferring heat between the second
heat transfer fluid and the first indoor
space, and a first temperature sensor
(5) configured to determine a tempera-
ture information of the firstindoor space
in which the firstindoor heat exchanger
(7) is located,

a second indoor heat exchanger (7’) lo-
catedin a second indoor space suitable
for transferring heat between the sec-
ond heat transfer fluid and the second
indoor space, and a second tempera-
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ture sensor (5°) configured to determine
a temperature information of the sec-
ond indoor space in which the second
indoor heat exchanger (7’) is located,
and

at least one conveying means (6, 6) for
circulating the second heat transfer flu-
id through the first heat medium heat
exchanger (7) and the second heat me-
dium exchanger (7°);

iii) at least one heat exchanger (8, 8’) com-
prised by both the refrigeration circuit and
the heat medium circuit, and being suitable
for transferring heat between the first heat
transfer fluid and the second heat transfer
fluid; and

iv) a controller configured to receive a tem-
perature information from at least the first
temperature sensor (5) and the second tem-
perature sensor (5’),

b) control the system based on a temperature
information received from at least the first tem-
perature sensor (5) and the second temperature
sensor (5°).

Method according to claim 8, characterized in that
it is determined, in a cooling operation mode of the
system, which indoor heat exchanger (7, 7’) has the
highest cooling load based on the temperature infor-
mation received from at least the first temperature
sensor (5) and the second temperature sensor (5’),
wherein

i) a fan (12, 12’) of the indoor heat exchanger
(7, 7°) which has the highest cooling load is set
to be always on at a fixed speed, wherein the
fixed speed is preferably selected by a user of
the indoor heat exchanger (7, 7°);

ii) a speed of the compressor (1)is settoachieve
atargettemperature (T_PCM1) ofthefirstphase
change material (PCM1) in an indoor space in
which the indoor heat exchanger (7, 7°) deter-
mined to have the highest cooling load is locat-
ed, wherein the target temperature (T_PCM1)
of the first phase change material (PCM1) is set
according to a temperature difference (AT) be-
tween a target temperature in an indoor space
in which the indoor heat exchanger (7, 7°) deter-
mined to have the highest cooling load is located
and an actual temperature in said indoor space;
iii) an opening degree of at least one motorized
valve (10, 10’, 11, 11’) located in a fluid circuit
of the indoor heat exchanger (7, 7°) which has
the highest cooling load is setto achieve a target
temperature (T_PCM1) of the first phase
change material (PCM1) at said indoor heat ex-
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changer (7, 7°), wherein the target temperature
(T_PCM1) is a temperature in a range deter-
mined by the phase change temperature (PCT)
of the first phase change material (PCM1) = a
predetermined target temperature difference
(AT_PCM1) of the first phase change material
(PCM1), wherein the predetermined target tem-
perature difference (AT_PCM1) of the first
phase change material (PCM1) is preferably in
the range of >0 K to 10 K, more preferably in the
range of 0.5 Kto 10 K, particularly preferably in
the range of 1 Kto 5 K; and

iv) a target temperature (T_PCM1) of the first
phase change material (PCM1) is set to be a
temperature which is the phase change temper-
ature of the first phase change material (PCM1)
minus the predetermined target temperature dif-
ference (AT_PCMH1) of the first phase change
material (PCM1).

10. Method according to one of claims 8 or 9, charac-

terized in thatitis determined, in a cooling operation
mode of the system, which indoor heat exchanger
(7, 7’) has a lower than highest cooling load based
on a temperature information received from at least
the first temperature sensor (5) and the second tem-
perature sensor (5’), wherein

i) a fan (12, 12’) of the indoor heat exchanger
(7, 7’) which has a lower than highest cooling
load is set to switch on or off based on a setting
of a thermostat controlling said indoor heat ex-
changer (7, 7’) to maintain a temperature of an
indoor space in which said indoor heat exchang-
er is located within a dead band; and

ii) an opening degree of a motorized valve (10,
10’, 11, 11’) located in a fluid circuit of the indoor
heat exchanger (7, 7’) which has a lower than
highest heating load is set to achieve a prede-
termined target temperature difference
(AT_PCM1) of the first phase change material
(PCM1) at the indoor heat exchanger (7, 7°)
which has a lower than highest cooling load,
wherein the predetermined target temperature
difference (AT_PCM1) of the first phase change
material (PCM1) is preferably in the range of >0
K to 10 K,more preferably in the range of 0.5 K
to 5 K, particularly preferably in the range of 1
Kto 5 K.

11. Method according to one of claims 8 to 10, charac-

terized in thatitis determined, in a heating operation
mode of the system, which indoor heat exchanger
(7, 7’) has the highest heating load based on the
temperature information received from at least the
first temperature sensor (5) and the second temper-
ature sensor (5’), wherein
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i) a fan (12, 12’) of the indoor heat exchanger
(7, 7’) which has the highest heating load is set
to be always on at a fixed speed, wherein the
fixed speed is preferably selectable by a user of
the indoor heat exchanger (7, 7°);

ii) a speed of the compressor (1)is settoachieve
a target temperature (T_PCM2) of the second
phase change material (PCM2) in an indoor
space in which the indoor heat exchanger (7, 7°)
determined to have the highest heating load is
located, wherein the target temperature
(T_PCM2) of the second phase change material
(PCM2) is set according to a temperature differ-
ence (AT) between a target temperature in an
indoor space in which the indoor heat exchanger
(7, 7’) determined to have the highest heating
loadis located and an actual temperature in said
indoor space;

iii) an opening degree of at least one motorized
valve (10, 10’, 11, 11’) located in a fluid circuit
of the indoor heat exchanger (7, 7°) which has
the highestheating load is set to achieve a target
temperature (T_PCM2) of the second phase
change material (PCM2) at said indoor heat ex-
changer (7, 7°), wherein the target temperature
(T_PCM2) is a temperature in a range deter-
mined by the phase change temperature (PCT)
of the second phase change material (PCM2)
+ a predetermined target temperature differ-
ence (AT_PCMH1) of the second phase change
material (PCM2), wherein the predetermined
target temperature difference (AT_PCM2) of the
second phase change material (PCM2) is pref-
erably in the range of >0 K to 10 K, more pref-
erably in the range of 0.5 K to 10 K, particularly
preferably in the range of 1 Kto 5 K; and

iv) atargettemperature (T_PCM2) of the second
phase change material (PCM2) is set to be a
temperature which is the phase change temper-
ature (PCM) of the second phase change ma-
terial (PCM2) plus the predetermined target
temperature difference (AT_PCM2) of the first
phase change material (PCM2).

12. Method according to one of claims 8 to 11, charac-
terizedinthatitis determined, in a heating operation
mode of the system, which indoor heat exchanger
(7, 7’) has a lower than highest heating load based
on a temperature information received from at least
the first temperature sensor (5) and the second tem-
perature sensor (5’), wherein

i) a fan (12, 12’) of the indoor heat exchanger
(7, 7’) which has a lower than highest heating
load is set to switch on or off based on a setting
of a thermostat controlling said indoor heat ex-
changer (7, 7°) to maintain a temperature of an
indoor space in which said indoor heat exchang-
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er is located within a dead band; and

ii) an opening degree of a motorized valve (10,
10’, 11, 11’) located in a fluid circuit of the indoor
heat exchanger (7, 7’) which has a lower than
highest heating load is set to achieve a prede-
termined target temperature difference
(AT_PCM2) of the second phase change mate-
rial (PCM2) at the indoor heat exchanger (7, 7°)
which has a lower than highest heating load,
wherein the predetermined target temperature
difference (AT_PCM2) of the second phase
change material (PCM2) is preferably in the
range of >0 K to 10 K, more preferably in the
range of 0.5 Kto 10 K, particularly preferably in
the range of 1 Kto 5 K.

13. Method according to one of claims 8 to 12, charac-
terized in that, in a cooling operation of the system
and/or in a heating operation mode of the system,

i) a speed of the at least one conveying means
(6,6’)is setto achieve atarget flow-rate (V_flow)
of the second heat transfer fluid in the first heat
indoor exchanger (7) and/or in the second indoor
heat exchanger (7’); and

ii) an opening degree of the at least one expan-
sion device (2, 2') is set to achieve a target su-
perheat (Super_Heat) in the refrigeration circuit.

14. Method according to one of claims 8 to 13, charac-
terized in that the refrigeration circuit comprises an
accumulator (9) and/or the heat medium circuit com-
prises at least one, preferably at least two, storage
device(s) for storing the second heat transfer fluid.
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Figure 2
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Figure 5
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Figure 6
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Figure 7

JeaH Jadng <

MO} A<

Jun Joopino

ssauuadQ AT

Id

unauin Aunjs

4

paadg dwnd

Id

JeaH 4adng dS

MO} A dS

21



EP 4 249 814 A1

Figure 8
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Figure 9
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Figure 10
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