EP 3 379 158 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
26.09.2018 Bulletin 2018/39

(21) Application number: 17162847.2

(22) Date of filing: 24.03.2017

(11) EP 3 379 158 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
F24F 11100 (2018.0)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicants:

* Mitsubishi Electric R&D Centre Europe B.V.
Livingston EH54 5DJ (GB)
Designated Contracting States:
GB

¢ Mitsubishi Electric Corporation
Tokyo, 100-8310 (JP)
Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GR
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO RS SE SI SK SM TR

(72) Inventor: Maitani, Hiroshi
Livingston, EH54 5DJ (GB)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwilte
Theresienhdhe 11a
80339 Miinchen (DE)

(54)

(57)

METHOD FOR OPERATING A HEAT PUMP SYSTEM

The invention relates to a method for operating a heat pump system wherein an operation of a heat pump is

controlled taking into account an operation state of a medium mover as for example a fan. The operation state of the
medium mover is determined based on a measurement of a thermodynamic quantity.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 379 158 A1 2

Description

[0001] The invention relates to a method for operating
a heat pump system wherein an operation of a heat pump
is controlled taking into account an operation state of a
medium mover as for example a fan. The operation state
of the medium mover is determined based on a meas-
urement of a thermodynamic quantity.

[0002] In common heat pump systems the capacity
control of a heating/cooling emitter and the control of a
heat source are separated. The state of operation of the
emitter is therefore usually unknown to the heat source
or the heat pump supplying heat to the emitter. In case
of a fan coil unit as an example of an emitter, such unit
has two thermostats wherein one is an air temperature
thermostat measuring a room temperature and the other
is a water temperature thermostat or more general a heat
transport medium temperature thermostat to prevent pro-
viding cold air for heating and hot air for cooling. Further-
more, the heat pump system usually has a room temper-
ature sensor which is at some distance from the emitter
and which is read out by a controller of the heat pump
system.

[0003] The air temperature thermostat works in order
to start the fan when the air temperature goes down to a
lower threshold and to stop the fan when the air temper-
ature goes up to a higher threshold in a case of a heating
operation and the other way round in a cooling operation.
[0004] The water temperature thermostat (the heat
transport medium temperature thermostat) works in or-
der to start the fan when the water flow temperature or
heat transport medium flow temperature goes up higher
than a threshold in case of heating and goes down lower
than a threshold in case of cooling.

[0005] The heat transfer efficiency of a fan coil unit,
that is the efficiency of the transfer of heat between the
heat transport medium and the space to be heated or
cooled, is very low when the fan is stopped. This causes
an increase of power consumption of the heat pump.
[0006] The energy efficiency of the heat pump is higher
at lower temperatures of the water flow temperature or
the heat transport medium flow temperature in case of
heating, and at higher temperatures in case of cooling.
When the fan is stopped, the water flow temperature or
the heat transport medium flow temperature has to be
raised to supply the same supplied heatin case of heating
and lowered to remove the same removed heat in case
of cooling. This causes a lower energy efficiency of the
heat pump.

[0007] Usually the air temperature thermostat of the
fan coil unit detects that the room temperature rises or
drops to a target value earlier than the room thermostat
read out by the controller of the heat pump because it
detects the air temperature closer to the fan coil unit.
Therefore, e. g. in the case of heating, when the air tem-
perature thermostat of the fan coil unit detects that the
room temperature rises to the target value, the room tem-
perature detected by the thermostat of the heat pump
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(which is read out by the controller) is still lower than the
threshold to stop the heat pump. Similarly, in the case of
operation of cooling the room, the room temperature de-
tected by the thermostat of the heat pump would still be
higher than the threshold to stop the heat pump.

[0008] Inthe following, the problem of the conventional
heat pump systems shall be described with reference to
a heating operation. However, the problem exists in an
analogous way for a cooling operation.

[0009] Figure 2 shows the general behaviour of a heat
pump system being controlled conventionally. Figure 2
in the first diagram shows the room temperature over
time, in the second diagram the flow temperature of the
heat transport medium over time, in the third diagram the
fan operation over time and in the lowest diagram the
heat pump operation overtime. Inthe uppermost diagram
an upper threshold and a lower threshold for the opera-
tion of the fan are indicated as dashed lines. Furthermore,
a target room temperature is indicated as dashed line
between the upper and the lower threshold of the fan
operation. Vertical dashed lines indicate corresponding
points in time in the first, second and third diagram.

1. In the beginning the room temperature raises due
to the heating operation. At point 1 the air tempera-
ture thermostat detects that the room temperature
arrives atan upper threshold and stops the fan. How-
ever, the heat pump is still running.

2. As the fan is stopped the room temperature goes
down gradually because the heat transfer efficiency
of the fan coil unit drops. In response to this the con-
troller of the heat pump raises the target flow tem-
perature to increase the supplied heat.

3. As a result of the raised target flow temperature
of the heat transport medium the room temperature
raises again. However, the fan will never restart be-
cause the room temperature is always kept higher
than the threshold to restart the fan. The heat pump
efficiency is therefore permanently lower than with
a running fan.

[0010] The water flow temperature to supply sufficient
heat to keep the room temperature is changed by the
ambient temperature and the target room temperature.
When the heat load is small, the target flow temperature
can be lower.

[0011] Fig. 3 shows the conventional operation behav-
iour of the general water temperature thermostat in con-
ventional control methods. The upper-most diagram of
Fig. 3 shows the room temperature over time, the middle
diagram of Fig. 3 shows the supplied flow temperature
of the heat transport medium over time and the lower
most diagram shows the fan operation over time.

1. When the heat load is small, the flow temperature
required to supply enough heat is lower than the
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threshold if the fan can keep running.

2. However, due to above described control the fan
never runs and the controller of the heat pump raises
the target flow temperature of the heat transport me-
dium to a higher value (full line) than the temperature
which would be sufficient to supply enough heat if
the fan runs (lower dashed line). Thus, in a conven-
tional control the room temperature can be kept with-
out the fan running, however, the efficiency of the
heat pump is lower than when the fan runs.

[0012] It is therefore the problem to be solved by the
present invention to increase the efficiency of a heat
pump system having a heat pump and a heat emitter with
a medium mover as for example a fan, in which the heat
pump and the heat emitter are controlled independently
from each other.

[0013] The problemis solved by the method according
to claim 1 and the method according to claim 8. The cor-
responding dependent claims describe advantageous
embodiment of the method according to claim 1 and the
method according to claim 8.

[0014] The invention relates to a method for operating
aheat pump system. The heat pump system can be used
for heating a medium or for cooling a medium. The in-
ventive idea applies to both cases, however, the descrip-
tion shall be made separately here.

[0015] The heat pump system operated in the method
according to the invention comprises a heat pump and a
heat emitter. The heat emitter comprises a heat exchang-
er which is configured to exchange heat between a heat
transport medium and the medium to be heated. The
heat emitter further comprises at least one medium mov-
er for effecting a flow of the medium over the heat ex-
changer. The medium mover may for example be a fan
or an array of fans. However, also other suitable means
for effecting said flow of the medium to be heated or
cooled over the heat exchanger can be employed.
[0016] Throughout this invention the heat transport
medium may for example be water and the medium to
be heated or cooled may for example be air in a room to
be heated or cooled. The temperature of the medium to
be heated or cooled may for example be a room temper-
ature. If reference is made to a medium the medium to
be heated or cooled is meant. If reference is made to the
heat transport medium, the medium flowing between the
heat pump and the heat emitter is meant.

[0017] In common heat pump systems the heat pump
and the heat emitter are controlled separately. The op-
eration of the medium mover is usually stopped when
the temperature of the medium to be heated as measured
by a thermostat at the emitter reaches an upperthreshold
which here shall be referred to as upper medium mover
threshold. The operation of the medium mover is usually
started when the temperature of the medium to be heated
as measured at the emitter reaches a lower threshold
which shall be referred to as lower medium mover thresh-
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old here. Usually the temperature of the medium based
on which the medium mover is stopped or started, is
measured by a thermostat which is mounted at the heat
emitter.

[0018] In common heat pump systems the heat pump
is controlled to raise the temperature of the heat transport
medium if the temperature of the medium to be heated
is below a target medium temperature. Usually the tem-
perature based on which the heat pump is controlled is
measured by a different thermostat than the temperature
based on which the medium mover is stopped or started.
[0019] It should be noted that usually the thermostat
used to measure the temperature of the medium to be
heated, based on which the heat pump is controlled has
a greater distance from the heat emitter than the thermo-
stat with which the temperature is controlled based on
which the medium mover is stopped or started.

[0020] In this situation the heat pump controller is usu-
ally unaware of the operation state of the medium mover.
According to the invention, at least one thermodynamic
quantity is measured in the heat pump system in a step,
which is here referred to as thermodynamic quantity
measuring step. According to the present invention the
thermodynamic quantity includes at least one of a meas-
ured temperature of the medium to be heated, which is
preferably measured by the thermostat used to control
the heat pump, and/or a measured return flow tempera-
ture of the heat transport medium and/or a measured
supplied heat.

[0021] The at least one measured temperature of the
medium to be heated is preferably measured by the tem-
perature sensor based on which the heat pump is con-
trolled. This temperature may for example be the room
temperature of a room to be heated.

[0022] A return flow temperature of the heat transport
medium is usually the temperature which the heat trans-
port medium has after flowing out of the heat emitter. The
measured supplied heat is usually for example the
amount of heat which is exchanged in the heat emitter
in a certain amount of time.

[0023] The method for operating a heat pump system
comprises a determining step in which it is determined
based on the thermodynamic quantity measured in the
thermodynamic quantity measuring step whether the me-
dium moveris operating. In a case where the temperature
of the medium to be heated, for example the room tem-
perature, is below the target medium temperature, the
heat pump is controlled to stop rising the temperature of
the heat transport medium when it is determined in said
determining step that the medium mover is not operating.
This will allow the temperature of the medium to be heat-
ed to reach the lower medium mover threshold so that
the medium mover is started. It is ensured that the heat
pump system does not permanently operate in the above
described inefficient state where the heat pump raises
the temperature of the heat transport medium while the
medium mover is stopped. The efficiency of the heat
pump system is therefore increased compared to the pri-
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or art.

[0024] In an advantageous embodiment of the inven-
tion the measurements of the thermodynamic quantity
obtained in the thermodynamic quantity measuring step
can be used to determine a change rate per time of the
thermodynamic quantity. It can then be determined in the
determining step that the medium mover is stopped if the
thermodynamic quantity drops at a change rate per time
which is lower than a first change rate threshold or raises
at a change rate per time which is higher than a first
change rate threshold. This embodiment is based on the
insight that e. g. the room temperature drops and the
supplied heat decreases quickly when the fan stops and
that e. g. the return flow temperature raises quickly if the
fan stops.

[0025] In a preferred embodiment the change rate per
time of the thermodynamic quantity can be determined
based on the results of the thermodynamic quantity
measuring step. It can then be determined in said deter-
mining step that the medium mover is operating if the
thermodynamic quantity raises at a change rate per time
which is higher than a second change rate threshold or
drops at a change rate per time which is lower than a
second change rate threshold. This embodiment uses
the insight that the room temperature raises and the sup-
plied heat increases quickly when the medium mover is
operating, while the return flow temperature drops quickly
if the medium mover is operating.

[0026] In a preferred embodiment of the invention the
temperature of the heat transport medium can be meas-
ured and the medium mover is controlled not to operate
when a temperature of the heat transport medium is be-
low a transport medium threshold. This step ensures that
when the medium mover operates the heat transport me-
dium has a sufficient temperature to in fact cause the
room to be heated. As long as the temperature of the
heat transport medium is too low the medium mover
should preferably not be operated.

[0027] In an advantageous embodiment of the inven-
tion the heat pump may be stopped when it is detected
that the medium mover is not operating.

[0028] Furthermore, the heat pump may be started
when the temperature of the medium to be heated, that
is for example the room temperature, reaches a lower
threshold which shall be referred to as lower heat pump
threshold here. This avoids a situation where the heat
pump is operating although the medium mover is not op-
erating while the room temperature is sufficiently high.
[0029] In a preferred embodiment of the invention the
heat pump may be controlled to lower the temperature
of the heat transport medium if the temperature of the
medium to be heated is above the target medium tem-
perature. This further improves the efficiency of the heat
pump system because the amount of heat supplied by
the heat pump is reduced if the temperature of the me-
dium to be heated is already above the target medium
temperature.

[0030] The presentinvention also relates to a method
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for operating a heat pump system for cooling a medium.
Again this medium shall be addressed also as medium
to be cooled. Again, the heat pump system comprises a
heat pump and an emitter which is here also addressed
as cooling emitter. The cooling emitter may be technically
the same as a heat emitter, however acting as a heat
sink for the surrounding medium to be cooled.

[0031] According to the invention the cooling emitter
comprises a heat exchanger for exchanging heat be-
tween the heat transport medium and the medium to be
cooled. The heat transport medium may flow between
the heat pump and the cooling emitter, preferably in a
closed circuit.

[0032] The cooling emitter according to the invention
further comprises at least one medium mover for effect-
ing a flow of the medium to be cooled over the heat ex-
changer. Anything said above with respect to the struc-
ture of the heat emitter, the heat transport medium and
the heat pump is also valid here with respect to the meth-
od for cooling a medium.

[0033] Common heat pump systems are controlled so
that the operation of the medium mover is stopped when
the temperature of the medium to be cooled as measured
by a thermostat of the emitter reaches a lower medium
mover threshold. On the other hand, the operation of the
medium mover is started when the temperature of the
medium to be cooled as measured by a thermostat of
the emitter reaches an upper medium mover threshold.
Furthermore, commonly the heat pump is controlled to
lower the temperature of the heat transport medium if the
temperature of the medium to be cooled is above the
target medium temperature.

[0034] Also in the case of cooling a medium to be
cooled a thermodynamic quantity is measured in the heat
pump system in a thermodynamic quantity measuring
step. As in the case of heating the thermodynamic quan-
tity may be a measured temperature of the medium to
be cooled, preferably measured with a thermostat having
a greater distance from the emitter than the thermostat
of the emitter, and/or a measured return flow temperature
of the heat transport medium and/or a measured re-
moved heat.

[0035] Based on the measured thermodynamic quan-
tity it can then be determined in a determining step wheth-
er the medium mover is operating or not.

[0036] If now the temperature of the medium to be
cooled is above the target medium temperature, the heat
pump according to the invention is controlled to stop low-
ering the temperature of the heat transport medium when
it is determined in the determining step that the medium
mover is not operating. Similarly as in the case of heating
this allows the temperature of the medium to be cooled
to reach the upper medium mover threshold so that the
medium mover is started. It is therefore avoided that the
medium to be cooled is kept below the upper medium
mover threshold by excessive operation of the heat pump
without the medium mover operating. The efficiency of
the heat pump system is therefore increased.
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[0037] In a preferred embodiment the change rate per
time of the thermodynamic quantity may be determined
based on the results of the thermodynamic quantity
measuring step and it may be determined in the deter-
mining step that the medium mover is stopped if the ther-
modynamic quantity raises at a change rate per time
which is higher than a first change rate threshold or drops
at a change rate per time which is lower than a first
change rate threshold. Whether a raising or dropping of
the thermodynamic quantity is regarded here as in the
case of heating depends on the thermodynamic quantity.
The temperature of the medium to be cooled will raise if
the medium mover is stopped. On the other hand the
measured return flow temperature will drop and the
measured removed heat will decrease if the medium
mover is not operating.

[0038] In a preferred embodiment of the invention a
change rate per time of the thermodynamic quantity
measured in the thermodynamic quantity measuring step
can be determined and it can be determined in the de-
termining step that the medium mover is operating if the
thermodynamic quantity drops at a change rate per time
which is lower than a second change rate threshold or
raises at a change rate per time which is higher than a
second change rate threshold. Again, it depends on the
chosen thermodynamic quantity whether it drops or rais-
es when the medium mover is operating. The tempera-
ture of the medium to be cooled will drop when the me-
dium mover is operating. On the other hand the measured
return flow temperature of the heat transport medium will
raise and the measured removed heat will increase if the
medium mover is operating.

[0039] In an advantageous embodiment the tempera-
ture of the heat transport medium can be measured and
the medium mover does not operate when the tempera-
ture of the heat transport medium is above or equal a
transport medium threshold. This ensures that the me-
dium mover only operates when the temperature of the
heat transport medium is sufficiently low to in fact effect
a cooling on the medium to be cooled.

[0040] In a preferred embodiment of the invention the
heat pump may be stopped when it is detected that the
medium mover is not operating and the heat pump may
be started when the temperature of the medium to be
cooled reaches an upper heat pump threshold.

[0041] In a preferred embodiment of the invention the
heat pump may be controlled to raise the temperature of
the heat transport medium if the temperature of the me-
dium to be cooled is below the target medium tempera-
ture. This furtherimproves the efficiency of the heat pump
system because the amount of heat removed by the heat
pump is reduced if the temperature of the medium to be
cooled is already below the target medium temperature.
[0042] In all embodiments of the invention it is pre-
ferred in the heating operation as well as the cooling op-
eration that the thermodynamic quantity measuring step
is repeatedly carried out in predetermined time intervals.
This allows a continuous operation of the heat pump sys-
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tem at optimized efficiency.

[0043] Inthe following the invention shall be described
by way of example with reference to figures. The features
shown in the examples can be realized also apart from
the examples and can be combined between different
examples. Same reference signs denote same or corre-
sponding features.

It is shown in
[0044]

Fig. 1 an example configuration of a system in which
the method according to the invention can be carried
out,

Fig. 2 the operational behaviour of an existing meth-
od for operating a heat pump system,

Fig. 3 a water temperature thermostat and fan oper-
ation behaviour of an existing control method,

Fig. 4 an operational behaviour of an example im-
plementation of the method for operating a heat
pump system according to the invention,

Fig. 5 the water temperature thermostat and fan op-
eration behaviour of the example implementation of
the method for operating a heat pump system ac-
cording to the invention,

Fig. 6 an example flow diagram for the calculation
of a target flow temperature,

Fig. 7 an example dependency between the target
flow temperature and an outdoor temperature,

Fig. 8 an example procedure for checking permission
to change the target for temperature, and

Fig. 9 different options for detecting whether the fan
is stopped or runs.

[0045] Fig. 1 shows an example of a heat pump sys-
tem, which is suitable for heating or cooling a medium
as for example the air in a room. The heat pump system
shown in Fig. 1 comprises a heat pump 1 and three heat
emitters 2a, 2b, 2c. The heat emitters 2a, 2b, 2c are in
this example fan coil units comprising a heat exchanger
for exchanging heat between a heat transport medium
and the medium to be heated or cooled. The heat emitters
2a, 2b, 2c are here always addressed as heat emitters
regardless whether they transfer heat from the heat
transport medium to the medium or from the medium to
the heat transport medium. The heat emitters 2a, 2b, 2¢
furthermore each comprise at least one medium mover,
as for example a fan, for effecting a flow of the medium
over the heat exchanger. The fan coil units 2a, 2b, 2¢
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each have an air temperature thermostat 3a, 3b, 3c and
a water temperature thermostat.

[0046] A room temperature sensor or room tempera-
ture thermostat 4, which is located at a greater distance
to the heat exchangers of the fan coil units 2a, 2b, 2c
than the temperature sensors 3a, 3b, 3c, measures the
room temperature, that is the temperature of the medium
to be heated or cooled.

[0047] The heat pump 1 and the fan coil units 2a, 2b,
2c are connected with each other by a heat transport
medium circuit 5 which may for example be a water circuit
5.

[0048] The heat pump 1 comprises an evaporator 6
and a condenser 7 in the case of heating or a condenser
6 and an evaporator 7 in the case of cooling. A compres-
sor 9 is arranged between the evaporator 6, 7 and con-
denser 7, 6 and an expansion valve 8 is arranged be-
tween the evaporator 6, 7 and the condenser 7, 6 on the
opposite side. The expansion valve 8, the evaporator 6,
7,the compressor 9, and the condenser 7, 6 are arranged
together in a refrigerant circuit 10. The condenser or
evaporator 7 comprises a heat exchanger for exchanging
heatbetween the refrigerant circuit 10 and the heat trans-
port medium circuit 5. In the heat transport medium circuit
5 the heat transport medium, e. g. water, flows from the
heat exchanger in element 7 to the fan coil units 2a, 2b,
2c and from the fan coil units 2a, 2b, 2c back to the heat
exchanger in element 7. The flow of the heat transport
medium is effected by a circulation pump 11 which is
arranged in the heat transport medium circuit 5.

[0049] In the example shown in Fig. 1 an optional tank
12 is shown the content of which can be heated by heat
transport medium flowing in a coil 13 within the tank 12.
The heat transport medium can be branched off the heat
transport medium circuit 5 through a three-way valve 14.
The conduit for feeding the coil 13 within the tank 12
bypasses the fan coil unit 2a, 2b, 2c.

[0050] The heat transport medium circuit 5 comprises
a heat transport medium temperature sensor 15 located
directly before an entry into the heat pump 1, with which
sensor 15 the return flow temperature of the heat trans-
port medium can be measured. The example system
shown in Fig. 1 further comprises a heat transport medi-
um sensor 16 located directly behind an exit for the heat
transport medium of the heat pump 1 with which the tem-
perature of the supplied heat transport medium leaving
the heat pump can be measured. Optionally the heat
transport medium circuit 5 further comprises a flow rate
sensor 19 located in the heat transport medium circuit 5
with which the flow rate of the heat transport medium can
be measured. Such flow rate sensor 19 can be used to
calculate the supplied or removed heat.

[0051] The methodforoperatingthe heatpump system
is controlled by a controller 17. The controller 17 receives
a temperature measurement from the room temperature
sensor 4, optionally the supply flow temperature sensor
16, the return flow temperature sensor 15 as well as op-
tionally the temperature measurement from an ambient
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temperature sensor 18 located in the heat pump unit.
Optionally the controller 17 further receives a flow rate
measurement from the flow rate sensor 19. The controller
17 controls the heat pump unit as well as the circulation
pump 11 based on the measurementfrom these sensors.
[0052] Fig. 4 shows an operational behavior of the
method for operating a heat pump system according to
the invention. Fig. 4 shows the case of heating a room.
The operation is analogue in the case of cooling a room,
but with lower and upper thresholds inverted.

[0053] The uppermost diagram shows the air temper-
ature over time, the second diagram shows the target
flow temperature over time, the third diagram shows the
fan operation over time and the lowermost diagram
shows the heat pump operation over time.

[0054] In the beginning the fan and the heat pump are
operating so the air temperature shown in the uppermost
diagram raises. When the air temperature reaches a tar-
get room temperature indicated as middle dashed line in
the uppermost diagram of Fig. 4, the controller reduces
the target flow temperature as shown in the second dia-
gram. As the fan is still operating the air temperature
raises further until it reaches an upper medium mover
threshold, indicated as uppermost dashed horizontal line
in the first diagram of Fig. 4. When this threshold is
reached the fan stops operating as shown in the third
diagram. The vertical dashed lines indicate correspond-
ing points in time. In response the air temperature drops
quickly, which incites an increasing of the target flow tem-
perature. However, according to the invention it is deter-
mined that the fan has stopped based on the behavior
of the air temperature. The raising of the temperature of
the heat transport medium shown in the second diagram
is therefore stopped. This results in the air temperature
further decreasing until it reaches a lower medium mover
threshold, indicated as lowermost dashed horizontal line
in the first diagram of Fig. 4. The air temperature reaching
the lower medium mover threshold results in the fan being
started, as can be seen in the third diagram. As a result
the air temperature or room temperature shown in the
first diagram starts increasing again, although the target
flow temperature has not changed. The quick raise of the
air temperature can be detected according to the method
of the present invention and can indicate that the fan is
operating. Then the target flow temperature is allowed
to be changed again and further increased at the time
indicated by the rightmost vertical dashed line because
the air temperature is still lower than the target room tem-
perature in Fig. 4. As soon as the air temperature reaches
the target room temperature the increase of the target
flow temperature is stopped and the target flow temper-
ature is maintained constant. The air temperature in the
room further increases which results in restarting the fan
operation. If the air temperature is already higher than
the target room temperature when the fan operation is
detected, the target flow temperature is lowered as soon
as the target flow temperature is allowed to be changed.
As the air temperature reaches the uppermost medium
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mover threshold the fan is stopped again and the oper-
ation cycle starts again as explained above from the point
where the fan stopped.

[0055] In this example the heat pump is operating all
the time and the target flow temperature is adjusted.
[0056] Fig.5shows an operation example wherein the
heat pump may be stopped. The uppermost diagram of
Fig. 5 shows the air temperature or room temperature,
the second diagram shows the supplied flow tempera-
ture, the third diagram shows the fan operation and the
lowermost diagram shows the heat pump operation.
[0057] In the beginning the room temperature raises
as shown in the uppermost diagram because the heat
pump operates and the fan operates with excess sup-
plied heat due to a higher target flow temperature than
the supplied flow temperature, which amount of supplied
heat is sufficient to keep room temperature to keep the
fan running. If the room temperature reaches the thresh-
old to stop the fan, indicated as uppermost dashed hor-
izontal line in the first diagram of Fig. 5, the fan stops at
the leftmost vertical dashed line. As a result the air tem-
perature drops quickly between the leftmost vertical
dashed line and the second vertical dashed line. The
quick drop of room temperature indicates according to
the invention that the fan has stopped, so the heat pump
operation is stopped at the second vertical dashed line.
[0058] As a result the room temperature further drops
until it reaches a lower heat pump threshold, indicated
as lowermost dashed horizontal line in the first diagram
of Fig. 5. At this time the heat pump is started. However,
as the fan is still stopped the room temperature does not
raise. The fan is therefore restarted after the supplied
flow temperature reaches the flow temperature threshold
which the fan restarts. As a result the room temperature
increases again. When it reaches the threshold to stop
the fan (uppermost dashed horizontal line in the first di-
agram of Fig. 5) the cycle restarts again.

[0059] Fig. 6 shows an example flow diagram for the
calculation of the target flow temperature. A controller
can determine the target flow temperature based on the
flow shown in Fig. 6 at certain control intervals as for
example one minute. In the beginning in step S61 it is
checked whether a time counter equals the permission
check interval longer than the control interval which can
detect the change of a thermodynamic quantity. If the
time counter equals the permission check interval step
S62 is carried out, where the permission status is
checked indicating whether to change the target flow
temperature. Step S62 is bypassed if step S61 deter-
mines thatthe time counter does notequal the permission
check interval.

[0060] It is afterwards checked in step S63 whether
target flow temperature change is permitted based on
the permission status determined in S62. If the target
flow temperature change is not permitted the method
ends and restarts at a later time.

[0061] If, however, the change of the target flow tem-
perature is permitted in step S63, the target flow temper-
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ature is calculated in step S64. The calculation of the
target flow temperature may for example use a charac-
teristic as shown in Fig. 7, showing the flow temperature
as a function of the outdoor temperature. For this calcu-
lation, the target flow temperature may be adjusted to be
raised if the air temperature is lower than the target room
temperature or to be lowered if the air temperature is
higher than the target room temperature. Either the
above first calculation method using the function of the
outdoor temperature or the above second calculation
method using the function of the deviation between the
air temperature and the target room temperature or a
combined method of both calculation methods can be
used.

[0062] It is then determined in step S65 whether the
target flow temperature is lower than the threshold of the
water temperature thermostat, shown in the second di-
agram of figure 5.

[0063] Ifthisisthe case, step S66is carried outin which
the target flow temperature is set as the threshold of the
water temperature thermostat. If in step S65 the decision
is negative, the target flow temperature is set to the cal-
culated value in step S67. The flow then ends and can
be carried out again at a subsequent point in time.
[0064] Fig. 8 is a flow diagram showing how the per-
mission status to change the target flow temperature is
checked in step S62 in Fig. 6. The example assumes that
the thermodynamic quantity to be measured is the room
temperature or the temperature of the medium to be heat-
ed or cooled. In a first step S81 a temperature change
rate o is calculated as a=ATa/Ata, wherein ATa is the
temperature change (for example -1°C after the fan
stops) and ATa is the calculation interval (for example 10
minutes).

[0065] Itisthen decided in step S82 whether o is equal
or lower than the first change rate threshold (the sign is
minus, for example -0.1°C/min). If this is the case, the
change of the target flow temperature is stopped in step
S83. If this is not the case, it is determined in step S84
whether o is equal or greater than a second change rate
threshold (a sign is plus, for example +0.1°C/min). If this
is the case, the change of the target flow temperature is
permitted in step S85. If this is not the case, the current
permission status is kept (S86).

In case of cooling, plus/minus sign of these thresholds
and the direction of inequality in step 82 and 84 are op-
posite.

[0066] The determination whether the fan is stopped
or running can be based on different thermodynamic
quantities measured in the heat pump system.

[0067] Firstly, as already mentioned above, the room
temperature can be used as thermodynamic quantity.
The change rate of the room temperature per time
a=ATa/Ata is calculated, wherein ATa is the temperature
change (for example -1°C after the fan stops and +1°C
after the fan restarts) and ATa is the calculation interval
(for example 10 minutes).

[0068] Fig. 9A shows the room temperature over time.
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Here ATa is exemplified by vertical arrows and ATa is
depicted as horizontal arrows.

[0069] A further thermodynamic quantity which can be
used for determining whether the fan is stopped or is
running can be the return flow temperature which is the
temperature of the heat transport medium after having
flown through the heat emitter. Again the change rate of
the return flow temperature B=ATb/Atb can be regarded
wherein ATb is the change of the return flow temperature
(for example +1°C after the fan stops and -1°C after the
fan restarts) and Atb is the calculation interval (for exam-
ple 3 minutes). The graphical representation of this meth-
od is shown in Fig. 9B at (2). If B is used instead of a in
Fig. 8, the sign of the first change rate threshold and the
second change rate threshold and the direction of ine-
quality of S82 and S84 are opposite. And in the case of
cooling, plus/minus sign of these thresholds and the di-
rection of inequality in step 82 and 84 are opposite to the
case of heating.

[0070] A further possibility for a thermodynamic quan-
tity to be used to detect whether the fan is stopped or is
running can be the reduction of the supplied heat which
occurs ifthe fan stops. Here the difference of the supplied
heat AQ is calculated as

AQ=Q(t) - Q(t-Atc)

Q(t) = pCp Fw/60 * (Tsup — Tret)

wherein Q(t) is the supplied heat (e.g. in kW), p is the
density of water, Cp is the specific heat, Fw is the flow
rate in L/min, Tsup is the supplied flow temperature, Tret
is the return flow temperature and Atc is the calculation
interval (for example 3 minutes). The behavior of the re-
turn flow temperature is shown in Fig. 9B. The supplied
flow temperature is depicted as a constant horizontal line.
The return flow temperature in the case of heating oper-
ation is lower and is depicted as the lower curve in Fig.
9B. The reduction of the supplied heat is indicated by the
arrow (3) while the change of the return flow temperature
described above is indicated by the arrows (2), wherein
the horizontal arrow is the calculation interval Atb and
the vertical arrow is the temperature change ATb.

Claims

1. Method for operating a heat pump system for heating
a medium, the heat pump system comprising a heat
pump and a heat emitter, the heat emitter comprising
a heat exchanger for exchanging heat between a
heat transport medium and the medium to be heated
the heat emitter further comprising at least one me-
dium mover for effecting a flow of the medium to be
heated over the heat exchanger,
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wherein

the operation of the medium mover is stopped when
the temperature of the medium to be heated reaches
an upper medium mover threshold,

the operation of the medium mover is started when
the temperature of the medium to be heated reaches
a lower medium mover threshold,

the heat pump is controlled to raise the temperature
of the heat transport medium if the temperature of
the medium to be heated is below a target medium
temperature

wherein in a thermodynamic quantity measuring
step at least one thermodynamic quantity is meas-
ured in the heat pump system, wherein the thermo-
dynamic quantity includes atleast one of ameasured
temperature of the medium to be heated and/or a
measured return flow temperature of the heat trans-
port medium and/or a measured supplied heat

it is determined in a determining step based on the
thermodynamic quantity whether the medium mover
is operating,

wherein, in case that the temperature of the medium
to be heated is below the target medium tempera-
ture, the heat pump is controlled to stop raising the
temperature of the heat transport medium when it is
determined in the determining step that the medium
mover is not operating.

Method according to the preceding claim,

wherein a change rate per time of the thermodynam-
ic quantity is determined and wherein itis determined
in the determining step that the medium mover is
stopped if the thermodynamic quantity drops and the
change rate per time of the thermodynamic quantity
is lower than a first change rate threshold or the ther-
modynamic quantity raises and the change rate per
time of the thermodynamic quantity is higher than a
first change rate threshold.

Method according to one of the preceding claims,
wherein a change rate per time of the thermodynam-
ic quantity is determined and wherein itis determined
in the determining step that the medium mover is
operating if the thermodynamic quantity raises and
the change rate per time of the thermodynamic quan-
tity is higher than a second change rate threshold or
the thermodynamic quantity drops and the change
rate per time of the thermodynamic quantity is lower
than a second change rate threshold.

Method according to one of the preceding claims,
wherein a temperature of the heat transport medium
is measured, and the medium mover does not oper-
ate when atemperature of the heat transport medium
is below or equal a transport medium threshold.

Method according to one of the preceding claims,
wherein the heat pump is stopped wheniit is detected
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that the medium mover is not operating and wherein
the heat pump is started when the temperature of
the medium to be heated reaches a lower heat pump
threshold.

Method according to one of the preceding claims,
wherein the heat pump is controlled to lower the tem-
perature of the heat transport medium if the temper-
ature of the medium to be heated is above the target
medium temperature.

Method according to one of the preceding claims,
wherein the medium mover is started when the heat
pump runs and the temperature of the medium to be
heated drops.

Method for operating a heat pump system for cooling
a medium, the heat pump system comprising a heat
pump and a cooling emitter, the cooling emitter com-
prising a heat exchanger for exchanging heat be-
tween a heat transport medium and the medium to
be cooled, the cooling emitter further comprising at
least one medium mover for effecting a flow of the
medium to be cooled over the heat exchanger,
wherein

the operation of the medium mover is stopped when
the temperature of the medium to be cooled reaches
a lower medium mover threshold, the operation of
the medium mover is started when the temperature
of the medium to be cooled reaches an upper medi-
um mover threshold,

the heat pump is controlled to lower the temperature
of the heat transport medium if the temperature of
the medium to be cooled is above a target medium
temperature,

wherein in a thermodynamic quantity measuring
step at least one thermodynamic quantity is meas-
ured in the heat pump system, wherein the thermo-
dynamic quantity includes atleast one of a measured
temperature of the medium to be cooled and/or a
measured return flow temperature of the heat trans-
port medium and/or a measured removed heat

it is determined in a determining step based on the
thermodynamic quantity whether the medium mover
is operating,

wherein, in case that the temperature of the medium
to be cooled is above the target medium tempera-
ture, the heat pump is controlled to stop lowering the
temperature of the heat transport medium when it is
determined in the determining step that the medium
mover is not operating.

Method according to the preceding claim,

wherein a change rate per time of the thermodynam-
ic quantity is determined and whereinitis determined
in the determining step that the medium mover is
stopped if the thermodynamic quantity raises and
the change rate per time of the thermodynamic quan-
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10.

1.

12.

13.

14.

15.

tity is higher than a first change rate threshold or the
thermodynamic quantity drops and the change rate
per time of the thermodynamic quantity is lower than
a first change rate threshold.

Method according to one of the two preceding
claims,

wherein a change rate per time of the thermodynam-
ic quantity is determined and wherein itis determined
in the determining step that the medium mover is
operating if the thermodynamic quantity drops and
the change rate per time of the thermodynamic quan-
tity is lower than a second change rate threshold or
the thermodynamic quantity raises and the change
rate per time of the thermodynamic quantity is higher
than a second change rate threshold.

Method according to one of claims 8 to 10,
wherein a temperature of the heat transport medium
is measured, and the medium mover does not oper-
ate when atemperature of the heat transport medium
is above or equal a transport medium threshold.

Method according to one of claims 8 to 11,
wherein the heat pump is stopped wheniit is detected
that the medium mover is not operating and wherein
the heat pump is started when the temperature of
the medium to be cooled reaches an upper heat
pump threshold.

Method according to one claims 8 to 12,

wherein the heat pump is controlled to raise the tem-
perature of the heat transport medium if the temper-
ature of the medium to be cooled is below the target
medium temperature.

Method according to one of the preceding claims,
wherein the medium mover is started when the heat
pump runs and the temperature of the medium to be
cooled raises.

Method according to one of the preceding claims,
wherein the thermodynamic quantity measuring step
is repeatedly carried out in predetermined time in-
tervals.
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