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(54) HEAT PUMP SYSTEM

(57) The invention relates to a heat pump system for
heating and/or cooling fluid, wherein the system com-
prises at least first and second heat pump units each
configured for heating and/or cooling fluid; at least one
temperature sensor related to/ in connection with at least
the first heat pump unit for determining the inlet tempera-
ture and/or outlet temperature of the fluid at the first heat
pump unit, and amaster control unit for (commonor joint)
control of the first and second heat pump units on the
basis of the determined inlet and/or outlet temperature, a

slave control unit in related to/connectionwith the second
heat pump unit for (individual) control of the second heat
pump unit, wherein the master control unit and the slave
control unit are configured such that the master control
unit sends control signals on the basis of the determined
inlet and/or outlet temperature to the slave control unit,
and the slave control unit receives said control signals
and controls the operation of the second heat pump unit
according to the received control signals.
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Description

Technical field

[0001] The present invention relates to a heat pump
system and amethod for operating a heat pump system.

Background

[0002] Heat pump systemsmay comprise a plurality of
heat pump units, which are fluidly connected and may
operate in cascade. To control the plurality of heat pump
units and in particular the compressor speeds at which
the heat pump units operate, an external temperature
sensormaybe installed in thefluidcircuit todetermine the
temperature of the fluid, e.g. in a manifold or collector
tank. However, known controls often turn out to be prone
to failure and implementation thereof may have draw-
backs.

Summary of the invention

[0003] The invention relates to a heat pump system for
heating and/or cooling fluid, wherein the system com-
prises at least first and second heat pump units each
configured for heating and/or cooling fluid; at least one
temperature sensor related to/ in connection with at least
the first heat pump unit for determining the inlet tempera-
ture and/or outlet temperature of the fluid at the first heat
pump unit, and amaster control unit for (commonor joint)
control of the first and second heat pump units on the
basis of the determined inlet and/or outlet temperature, a
slavecontrol unit in connectionwith/ related to thesecond
heat pump unit for (individual) control of the second heat
pump unit, wherein the master control unit and the slave
control unit are configured such that the master control
unit sends control signals on the basis of the determined
inlet and/or outlet temperature to the slave control unit,
and the slave control unit receives said control signals
and controls the operation of the second heat pump unit
according to the received control signals.
[0004] According to the invention, the temperature is
determined in connection with the first heat pump unit,
whilst the temperature as determined is not only used for
control of the first heat pump unit, but also for control of
the second heat pump unit (and any further heat pump
unit). Specifically, the temperature in connection with/-
related to the first heat pump unit may refer to the tem-
perature in (inside) the first heat pump and/or the tem-
perature in a port of the first heat pump unit, e.g. its direct
piping connection, which may be outside the housing of
the first heat pump.The corresponding (common) control
unit using the determined temperature is referred to as a
master control unit, wherein the second heat pump unit
(andany further heat pumpunit) haveacontrol unit acting
as a (individual) slave control unit (for the individual heat
pumpunit). The individual (slave) control unitmayhandle
the internal control of the respective second heat pump

unit(s). Hence, the plurality of heat pump units of the heat
pump system shares a common control unit, namely the
master control unit. The common control unit of the
invention may control switching on/off of the first and
second heat pump units and the associated speed man-
agement/request of the respective compressor.
[0005] The slave control unit in connection with the
second heat pump unit may be a control unit e.g. in a
control box, inside the housing of the second heat pump
unit or a control unit outside the housing of the second
heat pump unit, for control of the second heat pump unit.
[0006] According to the invention, by way of a tem-
perature sensor in connection with (e.g. in or at) the first
heat pump unit, the inlet or outlet temperature of the fluid
(to be) heated/cooled in the first heat pump unit is de-
termined, in particular at the inlet pipe or at the outlet pipe
of the first heat pump unit. Optionally, a temperature
sensor for determining the inlet temperature and a tem-
perature sensor for determining the outlet temperature is
provided in the first heat pump unit. The at least one
temperature sensor is located close to/at/in the first heat
pump unit and may, additionally, be used for further
purposes, such as for other control aspects. No extra
temperature sensor for the common control in terms of
the present invention may need to be installed (some-
where else) in the system, as no extra temperature
sensor may be necessary for the common control. Thus,
hardwareand installation costsmaybe lowered, as fewer
components, in particular no additional temperature sen-
sor and corresponding communication hardwaremay be
needed. However, it is by nomeans excluded that further
temperature sensors are provided in the system. E.g. for
the internal control of the heat pump unit(s), additional
temperature sensors may be needed.
[0007] For the invention, it is preferred to base the
control on the input temperature at the first heat pump
unit. However, additionally or alternatively, the control
may be based on the output temperature of the first heat
pump unit. Hence, one of the temperature sensors of the
first heat pump unit is optional for the present invention,
but is understood that oftenboth temperaturesensormay
be provided in the first heat pump unit.
[0008] Compared to measuring the temperature of the
fluid e.g. in a collector tank or manifold for the control of
the plurality of heat pumpunits, a specific advantagemay
be that no communication, let alone connection from a
temperature sensor in the collector tank (which is typi-
cally installed in a building) to the heat pump units (which
are often installed outside the building) is needed. It is
evident that such connection, e.g. by way of a wire or
wireless, is intricate in view of the building wall to be
crossed and a relatively large distance. As such potential
drawbacks may be avoided by the present invention, the
present inventionmay bemore reliable and less prone to
failure. This increases the reliability and accuracy to
achieve the heating and/or cooling target.
[0009] Compared toanexternal andseparatecommon
control unit installed to drive all the units, according the
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invention, all heat pump units may have their own control
unit so each heat pumpunit may run on its own if installed
alone. And, when several units are connected, e.g. to the
sameHMI, thecontrol of oneheatpumpunitmaybecome
the master and the other ones may become the slaves.
[0010] A heat pump system of the invention is seen as
versatile in that further heat pump units (with further
control units) may be added even after installation of
the initial heat pumpsystem, inparticular after installation
of themaster control unit. The control units of further heat
pump units may serve as further slave control units.
[0011] The present invention allows for parallel instal-
lation of a plurality of heat pump units (i.e. of at least two
heat pump units), i.e. in cascade, and a common master
control. More specifically, the master control unit may
adjust operation of the plurality of heat pump units based
on various parameters, e.g. aiming at optimizing the
coefficient of performance of the plurality of heat pump
units as a whole and/or ensuring that the power and
temperature requirement is fulfilled. Additionally, an at-
tempt may be to prolong the overall lifetime of the heat
pump system in its entirety by equalizing the running
hours of the individual heat pump units amongst the
plurality of heat pump units. This supports to extend
the lifetime of the installation as a whole.
[0012] It is acknowledged that the temperature as
measured by the temperature sensor in the first heat
pump unit may slightly differ from the actual temperature
of the fluid at other location in the fluid circuit, e.g. such as
in a tank, due to potential thermal loss with ambient air in
the pipe (reduction of temperature in case of heating
mode, because the fluid of the system is hotter than
ambient air). A corrective may be used to compensate
for this thermal loss, depending of the insulation perfor-
mance, the external conditions and the length of the
connection between the circuitry, tank etc. and the first
heat pump unit.
[0013] In general, heat pump units of the present in-
vention may be ground source or air source heat pump
units. It is possible that different heat pumps are com-
prised in theplurality of heat pumpunits. Forexample, the
first heat pump unit may be an air source heat pump unit,
while the second heat pump unit is a ground source heat
pump unit. However, it is preferable that the same type of
heat pumps is present in the system.More preferably, the
heat pumps have the same nominal (heating/cooling)
capacity.
[0014] A heat pump unit of the invention may have its
entire refrigerant circuit of the heat pump included in a
single unit, representing a so-calledmonobloc unit. Alter-
natively, the heat pump unit may be divided into two
separated sub-units, representing a so-called split sys-
tem. In case of a split system, the heat pump unit may
comprise a sub-unit (to be) installed indoor, and a sub-
unit (to be) installed outdoor. For monobloc units, the
single unit may be installed indoor or outdoor. The inven-
tion concerns both monobloc and split units. However,
the invention may be of particular relevance when the

heat pump unit is an outdoor monobloc unit, as the
distance travelled by the heated fluid to the (indoor) tank
is long, including passing through the wall(s) of the build-
ing in which the tank is installed.
[0015] It is conceivable that at least one of the heat
pump units is for centralized heating/cooling, and at least
another one of plurality of heat pump units is for decen-
tralized heating/cooling. For example, a central heat
pump unit may cover the base load and one or more
decentralized heat pump units may cover peak loads.
[0016] The fluid heated/cooled by the heat pump sys-
tem may be a liquid.
[0017] The fluid heated/cooled by the heat pump sys-
tem may be used for central heating, e.g. emitting hea-
ting/cold to a building and may be preferably primary
water in a closed loop circuit. Alternatively, the fluid
may be the refrigerant of the frigorific circuit of the heat
pump units.
[0018] In general, the present invention relates to a
plurality of heat pump units i.e. to at least two heat pump
units. If more than two heat pump units are provided,
these further heat pump units (such as a third, fourth,
fifth... heatpumpunit)maycorrespond to thesecondheat
pump unit as disclosed herein. In other words, the dis-
closure provided herein with respect to the second heat
pump unit may extend to any third, fourth, fifth ... heat
pump units, i.e. the remaining heat pump units of the
plurality of heat pump units. In particular, each of these
further heat pump units comprises a slave control unit as
disclosed.
[0019] Optionally, themaster control unit and the slave
control unit are configured to communicate with each
other. This may mean that the master control unit and
the slave control unit are configured to exchange signals.
Hence, the reliability as to the control may be improved.
[0020] Optionally, the master control unit is, at the
same time, configured for individual control of the first
heat pump unit, and is optionally located in the first heat
pump unit. In this case, the master control unit is not only
responsible for the joint control of the first and second
heat pump units, but also for control of the first heat pump
unit with respect to individual control aspects. In this
case, no separate control unit for individual control of
the first heat pump unit needs to be provided. From a
different perspective, this means that no additional con-
trol unit may need to be provided for the master control
unit, but a control unit for the first heat pump unit may
specifically be configured as (master) control unit also for
control pertaining to the second heat pump unit. If the
master control unit is also used to (individually) control
the first heat pump unit, this may mean that the first heat
pump unit also controls the second heat pump unit (and
any further heat pump unit). In other words, the (master)
first heat pump unit may be seen as imposing control on
the remaining (slave) heat pump units. As heat pump
units are often located (relatively) close to one another,
transmission of control signals from the first heat pump
unit comprising themaster control unit to the secondheat
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pumpunit(s) canoftenbe implementedwith lower efforts.
However, the present invention is not limited to a master
control unit located in the same heat pump unit in which
the temperature of the fluid ismeasured. It is conceivable
that a master control unit is located outside any heat
pump unit.
[0021] Optionally, the system comprises a tank for
circulation of (primary) fluid, the fluid preferably being
water-based (e.g. containing glycol), preferably water,
wherein the tank has a tank supply pipe for supply with
fluid from the first and/or second heat pump units, and a
tank returnpipe for returnof fluid to the first and/or second
heat pump units. The tank may be configured to heat
and/or cool liquid (e.g. water) for a circuit in a building by
way of the fluid heated and/or cooled by the first and/or
second heat pump units, based on heat exchange be-
tween the fluid and the liquid in the tank. The circuit may
be an open loop domestic circuit (e.g. sanitary water for
tap water) or a closed loop circuit (e.g. for radiators). The
tank may be free of a temperature sensor. In particular,
the temperatureof thefluid in the tankdoesnot need tobe
measured for the control of the plurality of heat pump
units.
[0022] Optionally, the at least first and second heat
pump units are configured to operate in parallel. This
means, that the heat pump units are in cascade. In
particular, there may be a fluid connection providing fluid
communication between the first and second heat pump
units for joint heating and/or cooling of fluid and allowing
for heating and/or cooling in parallel. E.g. a liquid circuit
connects the heat pump units in parallel. The connection
maybe realizedbyat least twocommonpipeseachgoing
from the heat pump units to the liquid tank. Alternatively,
each heat pump may be connected directly to the same
liquid tank without common pipes.
[0023] Optionally, the first and second heat pump units
each have a heat pump capacity, wherein the master
control unit is configured to (jointly) control the heat pump
capacity of each of the first and second heat pump units
based on the determined input and/or output tempera-
ture. If the control of the first and second heat pump units
relates to thecapacityof theheatpumpunits, operationof
the heat pump system may effectively be improved and
optimized.
[0024] Optionally, at least one of the first and second
heat pump units comprises a compressor for compres-
sing refrigerant andan inverter formodifying thecapacity,
in particular the speed of the compressor, and is config-
ured such that the speed of the compressor is adjustable.
More specifically, the inverter adapts the frequency of the
alternating current so as to increase or decrease the
frequency of the rotation. Preferably, the first and second
heat pump units (and any further heat pump units of the
plurality of heat pump units) comprises an inverter in
addition to the compressor, so that the speed of the
compressor of each of the heat pump units can be
adjusted, i.e. is variable. Specifically, the speed of the
compressor can be reduced, so that the compressor

does not have to run at full speed when in operation.
This means that the heat pump units may be modulated
heat pump units, allowing for modulated operation. This
is in contrast to a heat pump unit which merely allows for
on/off-operation, wherein operation is only possible at full
speed. Adjusting the speed of the compressor so that the
compressor runs at a reduced speed is preferable com-
pared to repeatedly or intermittently stopping the com-
pressor, as this may help to increase the lifetime of the
compressor and, hence, of the heat pump unit. Further,
byadjusting the speedof thecompressor, theworkloadof
the heat pump unit to achieve the heating and/or accord-
ing target may more accurately be met. This may help to
save energy and, thus, costs.
[0025] Optionally, the master control unit is configured
to control the compressor speed of each of the first and
second heat pump units based on the determined input
and/or output temperature, optionally such that thespeed
of at least one compressor does not exceed 90%, pre-
ferably not exceed 85% of the maximum speed of said
compressor, and ismorepreferably between40and85%
of the maximum speed of said compressor. Depending
on the heating and/or cooling target, the contribution of
the plurality of heat pump units to achieve the target may
be chosen accordingly. In particular, operation of the
compressors at full speedmaywant to be avoided, which
means that the speed of the compressor is preferably
less than 100%. For example, if the heating and/or cool-
ing target canbemetbyoperationof oneof theheatpump
units, wherein the compressor runs at less than 80% of
the maximum speed of said compressor, the other heat
pump unit(s) may be stopped, meaning that the speed of
the other heat pump unit(s) is zero. In other examples,
one compressor may run at 60% of its maximum speed
and theother compressormay runat 40%of itsmaximum
speed rather than one compressor running at its max-
imum speed. Various controls which may aim at an
optimized coefficient of performance are conceivable.
It is noted that the heat pump units amongst the plurality
of heat pump units may differ from each other as to their
maximum speed of the compressor.
[0026] Preferably, all the heat pumpunits of the system
have the same maximum capacity.
[0027] Optionally, the master control unit is configured
to base the control on at least one of: the total running
time, the remaining lifetime, the heat pump capacity, the
noise level, statusas toerror orwarning,and the icingand
de-icing requirements of the first and/or second heat
pump units. Determination of an appropriate control
may relate to considerations pertaining to the entirety
of the heat pump units or may relate to individual heat
pump units. This may improve the lifetime of the indivi-
dual heat pump units and/or of the entirety of the heat
pump system.
[0028] Optionally, the master control unit is configured
to control the at least first and second heat pump units
such that, if the at least first and second heat pump units
are each available to produce the heating requirement, in
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particular at 40 to 85% of its maximum speed, the heat
pump unit with the lower/lowest total running time
amongst the first and second heat pump units is chosen
as only heat pump unit producing the heating require-
ment.Hence, if runningoneheatpumponly is sufficient to
produce the heating or cooling requirement and several
heat pump are able to produce such requirement, the
control may choose the unit with the lowest total running
time. Thus, the control may aim at balancing the operat-
ing times of the heat pumps as much as possible.
[0029] If there are more than two heat pump units, the
master control unit is configured to control the heat pump
units such that, if one or more heat pump units are
available to produce the heating requirement, in particu-
lar at 40 to 85% of its maximum speed, the heat pump
unit(s)with the lowest total running timeamongst theheat
pump units is/are chosen as heat pump unit(s) producing
the heating or cooling requirement. For example, if three
heat pumpunits areprovided, themaster control unitmay
control the heat pump units such that, if the second and
third heat pumpunits areavailable to produce theheating
requirement, in particular at 40 to 85% of its respective
maximum speed, the heat pump unit(s) with the lowest
total running time amongst the second and third heat
pump units is/are chosen as (sole) heat pump unit(s)
producing theheating or cooling requirement.Hence, the
heat pump which is/are used will be the one(s) with the
lowest total running time and being able to produce the
heating requirement by being between 40and85%of the
maximum speed.
[0030] Optionally, the temperature sensor is locatedon
an (outer) surface of a heat pump unit inlet pipe for
determination of the inlet temperature of the first heat
pumpunit and/or onan (outer) surfaceofaheatpumpunit
outlet pipe for determination of the outlet temperature of
the first heat pump unit. This may be seen as an indirect
temperature measurement, as the sensor is not in direct
contact with the fluid, but in contact with a pipe, in parti-
cular an outer surface of the pipe, in which the fluid flows.
An advantage is that potential leakage through a pipe is
avoided if the sensor crosses the pipe wall. Also main-
tenance may be simplified. A copper pipe may support
the accuracy of the measurement of the temperature of
the fluid, as copper has a high thermal conductivity. A
correction of the temperature as measured indirectly,
which corrective is reflective of implications of indirect
measurement, may optionally be applied. An alternative
to the indirect measurement of the temperature of the
fluid is a direct measurement of the temperature of the
fluid, in particular inside the pipe.
[0031] Optionally, a supplementary temperature sen-
sor is provided in the secondheat pumpunit for determin-
ingan inlet and/or outlet temperatureof the fluid in at least
one of a heat pump unit inlet pipe and a heat pump unit
outlet pipe of the second heat pump unit, respectively,
wherein optionally themaster control unit is configured to
control the first and second heat pump units based on the
input and/or output temperature of the secondheat pump

unit. If a temperature sensor is not only provided in the
first heat pump unit, but also in the second heat pump
unit, this may be preferable in terms of safety and relia-
bility. If the temperature sensor in the first heat pump unit
were broken, determination of the temperature may, for
the control of the master control unit, be provided based
on the determination of the temperature in the second
heat pump unit.
[0032] Optionally, thefirst andsecondheatpumpunits,
and/or optionally the master control unit and the slave
control unit, are physically connected to each other for
communication of the control signals, preferably by way
of a signal wire, for instance via amodbus cable between
the heat pump units. The communication between the
master control unit and the slave control unit may be
wireless or by way of a wire. A wire allows for direct and
reliable connection. As heat pump units are often located
(relatively) close to oneanother, a transmission via awire
may often be realized without undue efforts. In particular,
the wire may not need to pass through building walls,
which may otherwise be the case if the heat pump unit is
installed outdoor and the temperature sensor for the
common control is in the tank (which is inside the build-
ing).
[0033] The invention also relates to a method of oper-
ating a heat pump system, wherein fluid is heated and/or
cooledbyat least oneof first andsecondheatpumpunits,
wherein at least first and second heat pump units are
provided, at least in connectionwith/at the first heat pump
unit, the temperature of the fluid is determined before
and/or after the fluid is heated/cooled by the first heat
pump unit, and operation of the first and second heat
pumps units is controlled by way of a master control unit
based on the determined temperature, wherein themas-
ter control unit sends control signals based on the de-
termined temperature toaslavecontrol unit in connection
with/related to/in the second heat pump unit, and the
slave control unit receives said control signals and con-
trols the operation of the second heat pump unit accord-
ingly.
[0034] Optionally, the master control unit individually
controls the first heat pump unit, and is optionally located
in the first heat pump unit. Hence, the master control unit
maynot onlybe responsible for thecommoncontrol of the
plurality of heat pump units, but also for the individual
control of the first heat pump unit.
[0035] The method of the invention may relate to the
system of the invention. In particular, the method of the
inventionmaybe based on the control units of the system
of the invention. Vice versa, the control unit(s) of the
system of the invention may realize the method of the
invention.
[0036] The invention is described in the following with
reference to the drawings, which should, however, not be
understood as limiting the invention in any respect.
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Brief description of the drawings

[0037]

Figure 1 schematically shows a heat pump system of
the invention.

Figure 2 shows capacity-related diagrams for a first
embodiment in figure 2(a), and for a second
embodiment in figure 2(b).

Figure 3 schematically shows control and heating
constellations for a first embodiment in fig-
ure 3(a), and for a second embodiment in
figure 3(b).

Detailed description

[0038] Figure 1 shows a heat pump system 1 for heat-
ing and/or cooling fluid in a common fluid circuit. The heat
pump system 1 comprises a first heat pump unit 2 and a
second heat pump unit 2’. Each of the heat pump units 2,
2’ has a heat pump unit inlet pipe 6, 6’ and a heat pump
unit outlet pipe 7, 7’. In the embodiment of figure 1, fluid
flows in a tank 3 for heat exchangewith a liquid not in fluid
communication with the fluid, for example water of a
domestic water tank. Fluid enters the tank 3 via the tank
supply pipe 4 and exits the tank via the tank return pipe 5.
The pump inlet pipe 6, 6’ supplies fluid to the respective
heat pump unit 2, 2’ and is connected to the tank return
pipe 5. The pump outlet pipe 7, 7’ returns fluid from the
respective heat pump unit 2, 2’ to the tank 3 via the tank
supply pipe 4. However, in other embodiments, no tank 3
may be present. In embodiments, further devicesmay be
present, such as a hydraulic separator (not shown).
[0039] Theheat pumpunits 2, 2’ and the tank 3 are part
of a fluid circuit, in which the heat pump units 2, 2’
represent parallel fluid flows. As such, the heat pump
units 2, 2’ are operational in parallel in that they share a
fluid circuit. In otherwords, the heat pumpunits 2, 2’ are in
cascade. However, it is not necessary that all heat pump
units 2, 2’ are indeed operating. Howoperation is actually
controlled is explained below.
[0040] The fluid circuit in figure 1 shows further details:
Pressure gauges 15, (water) filters 16, check valve /one-
way valves 17 and manual valves 18 may be provided.
The master control unit 9 is located in the first heat pump
unit 2 and serves for joint control of both the first and
second heat pump units 2, 2’ and also for individual
control of the first heat pump unit 2.
[0041] Fluid in the tank 3 is in heat-exchange with
consumption liquid (separately from the fluid) accommo-
dated in the tank 3. The liquid is used in a circuit 12 which
is connected to the tank 3 via a consumption circuit
supply pipe 13 and a consumption circuit return pipe
14. Consumption may relate to consumption of the en-
ergy delivered by the consumption liquid (heat or cold)
e.g. by emitters, and/or to the consumption of the domes-

tic liquid.
[0042] According to the invention, a temperature sen-
sor 8a, 8b is provided in the first heat pump unit 2. This
temperature sensor 8a, 8b determines the inlet tempera-
ture or outlet temperature of the fluid. In figure 1, a
temperature sensor 8a for detecting the outlet tempera-
ture of the fluid is located at the heat pump outlet pipe 7
inside the heat pump unit 2 and a temperature sensor 8b
for detecting an inlet temperature of the fluid is located at
the heat pump inlet pipe 6 inside the heat pump unit 2. In
the embodiment of figure 1, corresponding temperature
sensors 8a’, 8b’ are provided in the second heat pump
unit 2’. These sensors 8a’, 8b’ are supplementary for the
inventionandmaybeprovided for safetypurposes, just in
case the temperature sensors 8a, 8b are out of function.
[0043] A master control unit 9 is comprised in the first
heat pumpunit 2, andcontrols not only the first heat pump
unit 2, but also the secondheat pumpunit 2’, basedon the
determination of the temperature by the temperature
sensor(s) 8a, 8b in the first heat pump unit 2. The master
control unit 9 communicates with the second heat pump
unit 2’ in that it sends control signals/commands to the
slave control unit 9’ of the secondheat pumpunit 2’. Such
commands relate to the operation of the second heat
pumpunit 2’. The slave control unit 9’ receives the signals
from the master control unit 9 and controls the operation
of the second heat pump unit 2’ accordingly. The master
control unit 9 and the slave control unit 9’ are in commu-
nicationwith eachother and exchange signals. As shown
in figure 1, a wire 11 physically connects the master
control unit 9 and the slave control unit 9’. As the first
heat pump unit 2 and the second heat pump unit 2’ may
be located relatively close to each other and e.g. on the
same side of a building, a relatively short wire 11 may be
sufficient.
[0044] In figure 1, it is indicated that the temperature
sensors8a, 8b, 8a’, 8b’ are locatedon the respectiveheat
pump inlet pipe or heat pump outlet pipe for indirect
measurement of the temperature of the fluid.
[0045] Turning to figure 2, the first and second heat
pumpunits 2, 2’ eachhaveaheatpumpcapacity,wherein
themaster control unit 9 controls the heat pump capacity
of each of the first and second heat pump units 2, 2’. The
control is based on the determined input and/or output
temperature and considers various factors such as the
total running time, the remaining lifetime, the heat pump
capacity, the noise level, icingandde-icing requirements.
On this basis, the capacity at which the plurality of pump
units runs is chosen. This is possible if the plurality of heat
pump units comprises inverters for modifying the capa-
city of the compressor.More specifically, the speed of the
compressor can be adjusted for each heat pump unit 2,
2’. In the example of figure 2(a), first and second heat
pump units operate in cascade. The total request in-
creases with time, wherein initially, during interval a, only
the first heat pump unit 2 operates. During interval b, the
secondheatpumpunit 2’ supports thefirst heat pumpunit
2 to meet the heating and/or cooling target. More speci-
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fically, in interval b, the capacity of the first heat pump unit
2 is continuously reduced while the capacity of the sec-
ond heat pump unit 2’ is continuously increased. During
interval c, the first and second heat pump units 2, 2’ run
with continuously increasing capacities in order to meet
the increasing total request.As isevident fromfigure2(a),
when the capacity of the first heat pump unit 2 reaches
50%of themaximum capacity at the end of interval a, the
second heat pump unit 2’ starts operating so as to reduce
theworkloadof the first heat pumpunit 2. Thus, insteadof
having the first heat pump unit 2 working at a high rate of
frequency which is not optimal regarding reliability and
performance of the heat pump unit 2, both first and
second heat pump units 2, 2’ are working in a preferred
and more efficient frequency rate range.
[0046] In figure 2(b), three heat pump units 2, 2’, 2" are
part of theheat pumpsystemand in cascade,wherein the
third heat pumpunit 2" is provided in addition to first 2 and
second2’ heat pumpunits. During interval a, the first heat
pumpunit 2 canmeet the total request alone. In interval b,
the second heat pump unit 2’ becomes active while the
first heat pump 2 is also active. In interval c, all three heat
pump units are working, wherein the capacity of the third
heat pump unit 2" continuously increases and the capa-
cities of the first and second heat pump units 2, 2’ de-
creases.At theend, in interval d, all threeheat pumpunits
are inoperation,with continuouslyandequally increasing
capacities. Thanks to associated management of the
heat pump units 2, 2’, the more optimal frequency range
of the compressor of each units may be preferred.
[0047] Figure 3 is directed to various constellations
with a master control unit 9 and a slave control unit 9’
of the present invention. Figure 3(a) shows two different
situations. In situation (1), the target temperature is 60°C.
The temperature of the fluid in the tank 3 is 50°C, which is
seen as corresponding to the pump inlet temperature at
the first and second heat pump units 2, 2’. Here, the
second heat pump unit 2’ is not working, as the request
of power of 20 kWcan bemet by the first heat pump unit 2
alone, see the outlet temperature of the first heat pump
unit 2 of 55°C. In situation (2), the target temperature is
also 60°C and the inlet temperature is 50°C. Here, the
first heat pumpunit 2 is not operating, but the secondheat
pump unit 2’ is operating. The master control unit 9 may
decide whether situation (1) or (2) is to be realized
depending on the remaining lifetime of the first and
second heat pump units, for example.
[0048] Figure 3(b) shows two further constellations,
which are close to those of figure 3(a), but in which the
power request is higher, namely 40 kW, for the same
target temperature of 60°C. In situation (1), the master
control unit 9 has decided to let both first and secondheat
pump units 2, 2’ operate. It is indicated in figure 2(b)(1)
that the outlet temperature of the first and second heat
pump units is 55°C each. Situation (2) reflects that the
first heat pump unit 2 is defrosting and is, therefore, not
available for heating. Themaster control unit 9 is about to
initiate operation of the second heat pump unit 2’ so as to

meet theheating request. As longasdefrostingof the first
heat pump unit 2 is ongoing, only the second heat pump
unit 2’ will be available for heating. By doing so, the
second heat pump unit 2’ is able to at least partially
compensate for the temperature loss during defrosting
of the first heat pump unit 2.

Reference signs

[0049]

1 heat pump system
2, 2’, 2" heat pump unit
3 tank
4 tank supply pipe
5 tank return pipe
6, 6’ heat pump unit inlet pipe
7, 7’ heat pump unit outlet pipe
8a, 8a’ (outlet) temperature sensor
8b, 8b’ (inlet) temperature sensor
9, 9’ control unit
10, 10’ compressor
11 signal wire
12 consumption circuit
13 consumption circuit supply pipe
14 consumption circuit return pipe
15 pressure gauge
16 filter
17 check valve/one-way valve
18 manual valve

Claims

1. Heat pump system (1) for heating and/or cooling
fluid, the system comprising:

at least first and second heat pump units (2, 2’)
each configured for heating and/or cooling fluid,
at least one temperature sensor (8a, 8b) related
to the first heat pump unit (2) for determining the
inlet temperature and/or outlet temperature of
the fluid at the first heat pump unit (2), and
a master control unit (9) for common control of
the first and second heat pump units (2, 2’) on
the basis of the determined inlet and/or outlet
temperature,
a slave control unit (9’) of the second heat pump
unit (2’) for control of the second heat pump unit
(2’),
wherein themaster control unit (9) and the slave
control unit (9’) are configured such that the
master control unit (9) sends control signals
on the basis of the determined inlet and/or outlet
temperature to the slave control unit (9’), and the
slave control unit (9’) receives said control sig-
nals and controls operation of the second heat
pump unit (2’) accordingly.
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2. Heat pump system of claim 1, wherein the master
control unit (9) and the slave control unit (9’) are
configured to communicate with each other.

3. Heat pump system of claim 1 or 2, wherein the
master control unit (9) is further configured for in-
dividual control of the first heat pump unit (2), and is
optionally located in the first heat pump unit (2).

4. Heat pump system of any of the preceding claims,
wherein the system further comprises a tank (3),
preferably awater tank, wherein the tank has at least
a tank supply pipe (4) for supply with fluid from the
first and/or secondheat pumpunits (2, 2’), and a tank
return pipe (5) for return of fluid to the first and/or
second heat pump units (2, 2’).

5. Heat pump system of any of the preceding claims,
wherein the at least first and second heat pump units
(2, 2’) are configured to operate in cascade.

6. Heat pump system of any of the preceding claims,
wherein the first and second heat pump units (2, 2’)
each have a heat pump capacity, wherein themaster
control unit (9) is configured to control the heat pump
capacity of each of the first and second heat pumps
(2, 2’) based on the determined input and/or output
temperature.

7. Heat pump system of any of the preceding claims,
wherein at least one of the first and second heat
pump units (2,2’) comprises a compressor (10, 10’)
for compressing refrigerant and an inverter for mod-
ifying the capacity, in particular, the speed of the
compressor, wherein said at least one heat pump
unit (2, 2’) is configured such that the speed of the
compressor (10, 10’) is adjustable.

8. Heat pump system of claim 7, wherein the master
control unit (9) is configured to control the compres-
sor speed of each of the first and second heat pump
units (2, 2’) based on the determined input and/or
output temperature, optionally such that it is prior-
itized that the speed of the compressor (10, 10’) of
each of the first and second heat pump units (2,2’)
does not exceed 90%, preferably not exceed 85% of
the maximum speed of the respective compressor
(10, 10’), and is more preferably between 40 and
85% of the maximum speed of the respective com-
pressor (10, 10’) as far as possible in view of the
target cooling/heating requirement to be met.

9. Heat pump system of any of the preceding claims,
wherein the master control unit (9) is configured to
base the control on at least one of: the total running
time, the remaining lifetime, the heat pump capacity,
the noise level, status as to error or warning, and
icing and de-icing requirements of the first and/or

second heat pump units (2, 2’).

10. Heat pump system of any of the preceding claims,
wherein the master control unit (9) is configured to
control the at least first and second heat pump units
(2, 2’) such that, if the at least first and second heat
pump units (2, 2’) are each available to produce a
heating requirement, in particular at 40 to 85% of its
maximum speed, the heat pump unit (2, 2’) with the
lower total running timeamongst the first and second
heat pump units (2, 2’) is chosen as sole heat pump
unit producing the heating/cooling requirement.

11. Heat pump system of any of the preceding claims,
wherein the temperature sensor (8a, 8b) is located
on an outer surface of a heat pump inlet pipe (6) for
determinationof the inlet temperatureof the first heat
pump unit (2) and/or on an outer surface of a heat
pump outlet pipe (7) for determination of the outlet
temperature of the first heat pump unit (2).

12. Heat pump system of any of the preceding claims,
wherein a supplementary temperature sensor (8a’,
8b’) is provided in the second heat pump unit (2’) for
determining an inlet and/or outlet temperature of the
fluid in at least one of a heat pump unit inlet pipe (6’)
and a heat pump outlet pipe (7’) of the second heat
pump unit (2’), respectively, wherein optionally the
master control unit (9) is configured to control the first
and second heat pump units (2, 2’) based on the
input and/or output temperature of the second heat
pump unit (2’).

13. Heat pump system of any of the preceding claims,
wherein the first and second heat pump units (2, 2’),
and/or the master control unit (9) and the slave
control unit (9’) are physically connected to each
other for communication of the control signals, pre-
ferably by way of a signal wire (11).

14. Method of operating a heat pump system, optionally
theheat pumpsystemofanyof theprecedingclaims,
comprising

heatingand/or cooling fluid byat least oneof first
and second heat pump units (2, 2’), wherein the
at least first and second heat pump units (2, 2’)
are provided,
determining at least in connection with the first
heat pump unit (2) the temperature of the fluid
before or after the fluid is heated or cooledby the
first heat pump unit (2), and
commonly controlling operation of the first and
second heat pumps units (2, 2’) by way of a
master control unit (9) based on the determined
temperature, wherein themaster control unit (9)
sends control signals based on the determined
temperature to a slave control unit (9’) of the
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secondheat pumpunit (2’), and the slave control
unit (9’) receives said control signals and con-
trols the operation of the second heat pump unit
(2’) accordingly.

15. Method of claim 14, wherein the master control unit
(9) individually controls the first heat pump unit (2),
and is optionally located in the first heat pump unit
(2).
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