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Description

Field of the Invention

[0001] The invention relates to the joint connection of
atleast two heat pumps pumping heat for heating or cool-
ing purposes. At the same time, the invention relates to
a method of controlling the individual heat pumps in the
joint connection.

Background of the Invention

[0002] Most ordinary users will think of a heat pump
as a device for heating but in terms of physical nomen-
clature, a heat pump is a device that pumps heat from
one space to another as it works. A heat pump uses en-
ergy to transport heat, not to produce it.

[0003] Heatpumps having atleastone compressorhy-
draulic circuit comprising a condenser, an expansion
nozzle, an evaporator and a compressor are the most
used technical solution of heat pumps. In principle, these
heat pumps work by circulating refrigerant through the
compressor hydraulic circuit, which condenses to a liquid
in the condenser, wherein the refrigerant passes on the
heatit carries, then the refrigerant in liquid form continues
to the expansion nozzle, after which it turns into a gas.
The refrigerant in gaseous form travels to the evaporator
through which ambient heat is bound into the refrigerant,
after which the refrigerant proceeds to the compressor,
which compresses it, thereby concentrating the en-
trained heat. The cycle repeats, and the refrigerant with
the concentrated heat enters the condenser. It will be
appreciated that the power input of the heat pump is used
to operate the compressor and to circulate the refrigerant
through the compressor hydraulic circuit, not to produce
heat.

[0004] If the heat pump is used for heating, the evap-
orator is located in the system from which the heat is
extracted, while the condenser is located in the system
with a primary fluid circuit, which takes heat for heating
into the circulating liquid. For heat pumps for heating, the
monitored parameter is the heating system coefficient
COP (Coefficient of Performance). This dimensionless
number tells about the efficiency of using electrical en-
ergy for the heat obtained through the heat pump. This
is the theoretical ratio between the heat obtained and the
electrical energy consumed. The higher the COP, the
more efficient the heat pump.

[0005] If the heat pump is used for cooling, the evap-
orator is located in the system with the primary fluid circuit
fromwhich the heatis purposely extracted, while the con-
denser is located in the system in which the heat is dis-
sipated or purposely diverted for other processing. For
heat pumps for cooling, the monitored parameter is the
cooling factor or EER (Energy Efficiency Ratio). This di-
mensionless number tells about the efficiency of using
electrical energy for cold through the heat pump for cool-
ing. This is the theoretical ratio between the cold gener-
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ated and the electrical energy consumed. The higher the
EER, the more efficient the heat pump is for cooling. In
practice, the heat pump for cooling is referred to by the
word "chiller", derived from the word "chill".

[0006] Currently, a group of heat pumps is connected
to a common heating or cooling system in parallel or,
exceptionally, in series. These methods are not patent-
protected.

[0007] The disadvantage of the previously used paral-
lel connection of heat pumps to a common heating sys-
tem is that the system operates at a low temperature
gradient, and all heat pumps work at the same high con-
densing temperature corresponding to the requirement
for the output temperature to the heating system. This
allows the heat pumps to operate at the same COP value
in parallel. And at the same time, the disadvantage of the
previously used method of parallel connection of heat
pumps to a common cooling system is that the system
operates at a low temperature gradient, and all heat
pumps work at the same high condensing temperature
corresponding to the requirement for the output temper-
ature to the cooling system. As a result, they operate at
the same EER value.

[0008] The disadvantage of the previously used meth-
od of a series connection of heat pumps is that the max-
imum flow through the heating or cooling systems is sig-
nificantly limited. As a rule, only two heat pumps can be
connected in this way.

[0009] The objectoftheinventionistofind a heatpump
connection and a method of controlling heat pumps in
such a connection, which would eliminate the shortcom-
ings of known solutions and would allow high flow rates
to be achieved by heat pumps while achieving a higher
temperature gradient and a lower flow rate in the heating
or cooling system, overall higher COP and EER, and
would also allow to achieve a higher accumulation ca-
pacity of the heating or cooling system and a lower sea-
sonal number of heat pump compressor starts.

Summary of the Invention

[0010] The said task was solved by creating a heat
pump connection and a method for controlling heat
pumps in a connection according to the invention de-
scribed below.

[0011] The connection is targeted at heat pumps that
are equipped with primary fluid circuits for connection to
a common fluid circuit to create an efficient source of
heat or cold.

[0012] The essence of the invention is that at least two
heat pumps are connected by their primary fluid circuits
to a common fluid circuit. The connection overcomes the
shortcomings of the state of the art of the described
same-temperature parallel connection and series con-
nection. At the same time, the common fluid circuit is
provided with at least one hydraulic pump whose function
is to circulate the fluid in the common fluid circuit. It is
also essential that a temperature sensor is installed be-
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fore and after each connection of the respective primary
fluid circuit to the common fluid circuit. The temperature
sensors detect the temperature of the circulating fluid
after the contributions from the individual heat pumps
connected. At the same time, the heat pumps and hy-
draulic pumps are communicatively connected to at least
one controller to control their operation, because without
the controller it would not be possible to harmonise the
operation of the individual parts of the connection to the
overall result, i.e. to the temperature of the fluid at the
outlet of the common fluid circuit. At the same time, the
controller is communicatively connected to the temper-
ature sensors in order to have information on the extent
to which the individual parts in the invented connection
affect the temperature of the fluid circulating through the
common fluid circuit.

[0013] The invented connection is suitable for both
heating and cooling, and is applicable for creating an
efficient source of heat or cold. Due to the parallel nature
of the connection with unequal operating temperatures,
the path to the desired temperature is divided into smaller
sections, which is a more preferred solution in terms of
heat pump operation than the parallel connection de-
scribed in the prior art. At the same time, the invented
connection outperforms the known series connection by
being able to operate at a higher flow rate within the com-
mon fluid circuit. In an extending embodiment of the in-
vention, the common fluid circuit is preferably connected
to at least one accumulation vessel. The accumulation
vessel can store a larger volume of circulating fluid at a
higher temperature gradient, making storing more heat
or cold possible.

[0014] Alternatively, it may be preferred for some ap-
plications of the invention if the common fluid circuit is
connected directly to a heating system or to a cooling
system.

[0015] In another possible extending embodiment of
the invention, preferably, at least one of the primary fluid
circuits is provided with an accumulation tank before be-
ing connected to the common fluid circuit. This variant of
the invention finds application in situations where it is
more preferred for the operation of the heat pump to ac-
cumulate heat or cold in advance, and then within the
invented circuit, this heat is used to influence the tem-
perature of the circulating fluid in the common fluid circuit.
[0016] For other permissible applications of the inven-
tion, an embodiment of the connection in which the pri-
mary fluid circuit is hydraulically independent of the com-
mon fluid circuit is preferred. Hydraulic independence is
a prerequisite for reliable and safe operation of heat
pumps.

[0017] If the invention is to serve as a source of cold,
it is preferred for its operational efficiency that an absorp-
tion chiller is connected via the primary fluid circuit at the
first point of the invented connection. The absorption
chiller exhibits preferred operation efficiency when cool-
ing from higher temperatures; therefore, placing it first in
the invented connection will bring the most significant
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benefit.

[0018] The invention also includes a method of con-
trolling heat pumps within the connection. After the
known procedure step (a), in which the required temper-
ature of the fluid at the outlet of the common fluid circuit
is determined, and after the known procedure step (b),
in which the temperature on the last temperature sensor
is measured in the sense of the direction of circulation of
the fluid through the common fluid circuit and the tem-
perature difference between the required temperature
and the actual temperature of the circulating fluid is de-
termined, new procedure steps follow, forming the es-
sence of the invention. These are procedure step (c), in
which the temperature differences are divided into tem-
perature intervals for the individual heat pumps connect-
ed in parallel, and procedure step (d), in which according
to the required temperature intervals, the heat pumps are
activated to achieve the required fluid temperature at the
outlet of the common fluid circuit. Heat pumps performing
the task of changing the temperature over the range of
atemperature interval have a better overall result of COP
or EER values.

[0019] In addition to controlling the operation of the
heat pumps, an embodiment of the inventive method is
preferred, in which the performance of the hydraulic
pumps of the common fluid circuit is simultaneously con-
trolled as part of procedure step (d). In addition to the
instantaneous performance of the heat pumps, the rate
of fluid circulation through the common fluid circuit can
affect the fulfilment of the temperature interval.

[0020] Lastbutnotleast, an embodiment of the invent-
ed method is preferred, in which the temperature inter-
vals within the procedure step (c) are of the same size.
Dividing the temperature difference into equal tempera-
ture intervals will facilitate the process of heat pump con-
trol.

[0021] From a technical point of view, it is preferable
thatin the invented connection the heat transfer fluid from
the common fluid circuit is led into an associated heat
pump and subsequently returns to the common fluid cir-
cuit with the temperature altered according to the tem-
perature interval. The primary circuit of another heat
pump then follows on the common fuel circuit, and this
is repeated according to the number of heat pumps.
[0022] The invented connection of heat pumps for the
heat source will significantly increase the efficiency, allow
the declared outlet temperature of the heating medium
to be reached and enable the achievement of a high tem-
perature gradient of the heating medium (up to 50/30 °C).
The first heat pump in the connection will be operated at
low temperature with high COP, the last heat pump in
the connection will be operated at high temperature with
low COP. In a classic parallel cascade connection, all
heat pumps for heating would operate at high inlet and
outlettemperatures of the heating medium with low COP.
[0023] Analogously, the invented connection for the
source of cold will substantially increase the EER, i.e.
the efficiency ofthe chillers. In cooling mode, the invented
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connection will also enable a highertemperature gradient
while, in turn, increasing the overall EER and, greatly
increasing the accumulation of cold and reducing the
number of compressor starts. This applies except during
periods when the maximum consumption of cold is at the
limit of the cooling system’s capacity (usually a very short
period in the season).

Brief Description of the Drawings

[0024] The said invention will be explained in more de-
tail in the following illustrations, wherein:

Fig. 1 is a schematic representation of the prior art
with heat pumps connected in parallel and
controlled by a cascade controller according
to the desired temperature at the heating wa-
ter outlet,

is a schematic representation of the prior art
with chillers connected in parallel and control-
led by a cascade controller according to the
desired temperature at the cooling water out-
let,

is a schematic representation of the prior art
of serial hydraulic connection of heat pumps
controlled by a cascade controller according
to the required temperature at the heating wa-
ter outlet,

is a schematic representation of the prior art
of serial hydraulic connection of the chillers
controlled by a cascade controller according
to the required temperature at the cooling wa-
ter outlet,

is a schematic representation of the invented
connection of four heat pumps for heating, in
which the common fluid circuit is connected to
the heat accumulation,

is a schematic representation of the invented
connection of four heat pumps for heating, in
which the common fluid circuit is connected
directly to the heating system,

is a schematic representation of the invented
connection of four partial heat pumps for heat-
ing, in which the common fluid circuit of the
partial heat pumps forms the primary fluid cir-
cuit of one composite heat pump,

is a schematic representation of the invented
connection of two heat pumps for heating, in
which the heat pumps are controlled by a con-
troller according to the temperature from tem-
perature sensors and at the same time the
common fluid circuit is connected to the heat
accumulation,

is a schematic representation of the invented
connection of two heat pumps for heating, in
which the primary fluid circuits of the pumps
are led into accumulation vessels connected
by the common fluid circuit,

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9
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is a schematic representation of the invented
connection of four heat pumps for heating, in
which the primary fluid circuits of the pumps
are led into accumulation vessels connected
by the common fluid circuit,

is a schematic representation of the invented
connection of four chillers, in which the com-
mon fluid circuit is connected to the cold ac-
cumulation,

is a schematic representation of the invented
connection of four chillers, in which the com-
mon fluid circuit is connected directly to the
cooling system,

is a schematic representation of the invented
connection of four partial chillers, in which the
common fluid circuit of the partial chillers
forms the primary fluid circuit of one composite
chiller,

is a schematic representation of the invented
connection of three chillers, including one ab-
sorption chiller, in which the common fluid cir-
cuit is connected to the cold accumulation,

is a schematic representation of the invented
connection of two chillers, in which the chillers
are controlled by a controller according to the
temperature from temperature sensors and at
the same time the common fluid circuit is con-
nected to the heat accumulation,

is a schematic representation of the invented
connection of two chillers, in which the primary
fluid circuits of the pumps are led into accu-
mulation vessels connected by the common
fluid circuit,

is a schematic representation of the invented
connection of four chillers, in which the prima-
ry fluid circuits of the chillers are led into ac-
cumulation vessels connected by the common
fluid circuit.

Fig. 10

Fig. 11

Fig. 12

Fig. 13

Fig. 14

Fig. 15

Fig. 16

Fig. 17

Examples of Invention Embodiments

[0025] It is understood that the specific examples of
embodiments of the invention disclosed and illustrated
below are presented for illustrative purposes and not as
a restriction of the invention to those examples. Persons
skilled in the art will find or be able to provide, using rou-
tine experimentation, a greater orlesser number of equiv-
alents to the specific embodiments of the invention dis-
closed herein.

[0026] The invention works with the general concept
of a heat pump, being a machine that pumps heat when
doing its job, and it only depends on the application,
whether it is used for heating or cooling. Within the Ex-
ample of Invention Embodiment chapter, the word chiller
is used for a heat pump used for cooling.

[0027] Figure 1 shows a solution known in the prior art
for the parallel hydraulic connection of heat pumps 1 con-
trolled by a cascade controller 11 according to the re-
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quired temperature at the heating water outlet. Since all
heat pumps 1 have to overcome the same temperature
difference, th_ey have the same COP, which is very low
at higher temperature gradients in higher temperature.
[0028] Figure 2 shows a solution known in the prior art
for the parallel hydraulic connection of chillers 1’ control-
led by a cascade controller 11 according to the_required
temperature at the cooling water outlet. Since all chillers
1’ have to overcome the same temperature difference,
Eey have the same EER, which is very low at higher
temperature gradients.

[0029] Figure 3 shows a solution known in the prior art
for the serial hydraulic connection of heat pumps 1 con-
trolled by a cascade controller 11 according to the re-
quired temperature atthe heating_water outlet. In a series
connection, the temperature difference is overcome suc-
cessively by the individual contributions from heat pumps
1, but at the cost of increasing hydraulic resistance, since
in a series connection each member of the series adds
its own internal hydraulic resistance and extends the
length of the common fluid circuit 3. The series connec-
tion is therefore limited by the flow rate. It is analogous
to that in Figure 4 for the chillers 1’, whose task is to
dissipate heat, not accumulate it. o

[0030] Figure 5 shows the invented connection in an
example embodiment, in which four heat pumps 1 are
connected by their primary fluid circuits 2 to the common
fluid circuit 3. Before and after each connection of the
primary fluid circuit 2, atemperature sensor 5 is installed
on the common fluid circuit 3. The temperatTJre sensors
5 provide information about the temperature of the circu-
Eating fluid entering the beginning of the invented con-
nection of the heat pumps 1, as well as the temperature
change after each heat pum_p 1. The connectionincludes
an accumulation tank 7 to which the common fluid circuit
1isled. A heating system 8 is connected to the accumu-
lation tank 7. The fluid circulation in the common fluid
circuit 1 is prowded by the hydraulic pump 4.

[0031] From Figure 5, it can be seen that the temper-
ature of the circulating fluid was 30 °C at the beginning
and 46 °C at the end. This means that the temperature
difference was 16 °C, and was divided between four heat
pumps 1 as 4 °C each. The first heat pump 1 in the se-
quence_in terms of circulation direction heats at a low
temperature level with a high COP, the following primary
fluid circuit 2 with heat pump 1 heats the circulating fluid
ataslightly hlghertemperature level with a slightly worse
COP, and so on until the lastheat pump 1in the sequence
heats the circulating fluid at the highest temperature level
with the worst COP. The heat output of the heat pumps
1is controlled by a controller 6 of the invented connection
of the heat pumps 1 based on the readings from temper-
ature sensors 5 so that the required outlet temperature
of the circulatin_g fluid (heating medium) is reached. The
required temperature gradient is controlled by the con-
troller 6 of the invented heat pump 1 connection so that
based on the readings from temperature sensors 5, it
controls the hydraulic output of the circulation pump 4 of
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the common fluid circuit 3.

[0032] The controller 6 is communicatively connected
to the heat pumps 1 and to the temperature sensors 5 of
the invented connection by cables or wirelessly. Com-
munication data flows, or cable communication path-
ways, are not shown in Figure 5 with the hydraulic path-
ways depicted.

[0033] The example embodiment of Figure 6 differs
from the example embodiment illustrated in Figure 5 in
that the common fluid circuit 3 is connected directly to
the heating system 8. The pur_pose of the example is to
show that the invention can be applied to a variety of
different heating implementations, either directly or via
the accumulation tank 7.

[0034] Figure7 shows an embodiment of the invention,
which presents one composite heat pump 1 made of four
compressor heat pump sub-circuits. The p_rinciple of the
invention is therefore applicable not only in the production
of entire systems, see previous examples of embodi-
ments of the invention, but also in the production of a
single composite heat pump with an increased COP val-
ue.

[0035] Figure 8 shows an exemplary embodiment of
the invention with two heat pumps 1 heating a circulating
medium in the common fluid circuit 1 equipped with the
accumulation tank 7 for storing the heat obtained.
[0036] As for the_example of the embodiment of the
invention shown in Figure 9, the change in the invention
is that the accumulation tanks 7 are connected directly
to the primary circuits 2 of the “heat pumps 1, and that
the common fluid circuit 3 continues only after the accu-
mulation tanks 7. The present example of the invention
makes operatioﬁ more efficient because the heat pumps
1 can accumulate heat in the accumulation tanks 7 under
more favourable conditions (e.g.,inalow eIectriEity dis-
tribution tariff), and under less favourable operating con-
ditions work with minimal deployment, or the number of
starts is reduced due to heat accumulation, which ex-
tends the service life of the heat pumps 1. The control
based on the determination of the temperaEJre difference
using the temperature sensed by the temperature sen-
sors 5 and its distribution according to the number of
connected heat pumps 1 still proceeds in the same way.
[0037] Figure 10 is a variation of the invention analo-
gous to the example of Figure 9, except that the invention
illustrated in Figure 10 includes four heat pumps 1.
[0038] The heat pumps 1 mentioned above in the text
of the exemplary embodiment of the invention were used
for heating. The graphic in the figures shows that the heat
pumps 1 are compressor heat pumps, i.e. they have a
compressor, a condenser, an expansion valve and an
evaporator.

[0039] In the following illustrated examples of embod-
iments of the invention, heat pumps 1 used for cooling
will be referred to as chillers 1°. In principle, chiller 1° =
heat pump 1 for cooling. It will be appreciated from the
schematic illustrations that the chillers 1’ also have a
compressor, an evaporator, a condenser and an expan-
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sion valve.

[0040] Figure 11 illustrates the invention with four chill-
ers 1" having their primary fluid circuits 2 connected to a
common fluid circuit 3. The common fluid circuit 1 is pro-
vided with an accumulation tank 7 for storing cold The
concept of storing cold simply means that inside the ac-
cumulation tankz there is a cooled fluid which, due to its
low temperature, has the potential to absorb heat, thus
acting cold. Even for cooling, the invention works with
temperature sensors 5 installed on the common fluid cir-
cuit 1 before and after each connection of the primary
fluid circuit 2. The controller 6, analogous to the previous
examples of embodiments of the invention, detects a
temperature difference which it divides into temperature
intervals for individual chillers 1°. The circulation in the
common fluid circuit is provided_by the hydraulic pump 4.
[0041] Figure 12 illustrates the invention similar to the
variant of the invention of Figure 11, but with the differ-
ence that the common fluid circuit 3 is connected directly
to the cooling system 9.

[0042] Thefirst of thgprimary fluid circuits 2 with chiller
1’ cools the circulating fluid (refrigerant) ata high tem-
Eerature level at high EER, the next chiller 1’ cools the
refrigerant at a slightly lower temperature level at slightly
worse EER and so on until the last chiller 1’ in the circuit
cools the refrigerant at the lowest tempeEature level at
the worst EER. The heat output of the chillers 1’ is con-
trolled by the controller 6 of the invented connection of
the chillers 1’ based on the readings from temperature
sensors 5 so that the required outlet temperature of the
cooling medium is reached. The required temperature
gradient is controlled by the controller 6 of the invented
connection of chillers 1" so that based on the readings
from temperature sensors 5, it controls the hydraulic out-
put of the circulation hydrgulic pump 4 of the common
fluid circuit 3. -

[0043] Figure 13 illustrates a composite chiller 1’,
which is constructed as a whole from several com pressgr
circuits of sub-chillers 1’, which are connected by their
primary fluid circuits 2 to the common fluid circuit 3. It will
be appreciated that the principle of the invention is ap-
plicable both to units (composite chillers 1) and entire
systems, see previous examples of embodiments with
chillers 1°.

[0044] _Figure 14 illustrates an embodiment of the in-
vention in which an absorption chiller 10 is used. The
absorption chiller 10 is effective in rema/ing heat from
the higher tempersﬁjre circulating fluid, and is therefore
positioned firstin the invented connection in terms of fluid
circulation through the common fluid circuit 3. Then, in
the invented connection, the chillers 1’ with co_mpressors
follow. The controller 6 controls the o_peration of all heat
pumps 1 in the conn_ection, as well as the absorption
chiller 10.

[0045] Figure 15 illustrates an example embodiment
of the connection according to the invention, in which
there are two chillers 1’ and their common fluid circuit 1
is provided with an accumulation tank 7. -
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[0046] Figure 16 shows a variant in which the primary
fluid circuits 2 of two chillers 1’ are provided with accu-
mulation tanks 7. The exampl_e is analogous to the ex-
ample in Figure_9, except that it involves storing cold.
Chillers 1’ can prepare cold under more favourable con-
ditions, whereas under less favourable conditions they
do not need to be operated at high output. Chillers 1’,
thanks to the accumulation of cold, can reduce the
number of starts and thus extend their service life.
[0047] Figure 17 illustrates a similar connection em-
bodiment to the previous example, but with the difference
that there are four chillers 1’ in the connection.

[0048] The method of op_eration of heat pumps in the
invented connection is as follows:

(a) the controller 6 determines the required temper-
ature of the fluid at the outlet of the common fluid
circuit 3,

(b) the_controller§ measures the temperature at the
last temperature sensor 5 in the direction of circula-
tion of the fluid through ‘the common fluid circuit 1
and determines the temperature difference between
the required temperature and the actual temperature
of the circulating fluid,

(c)the controller 6 divides the temperature difference
into temperature_intervals for the individual connect-
ed heat pumps 1,

(d) according to the required temperature interval,
the controller 6 activates the heat pumps 1 to reach
the required tEmperature of fluid at the outlet from
the common fluid circuit 3.

[0049] The above steps are automated by controller 6,
which is e.g. a programmable automaton. The controller
6, according to its program, controls the operating pa-
rameters of the heat pumps 1 for heating (or chillers 1’
for cooling) and/or controls the output of the hydraulic
pump 4, by which it changes the parameters of the fluid
circulation through the common fluid circuit 3.

[0050] If all heat pumps 1 have the same Earameters,
the temperature difference is divided between them into
approximately equal temperature intervals. On the other
hand, if the heat pumps 1 in the invented connection are
different in terms of para?neters, it is possible to program
the controller 6 to take their operating parameters into
account when_dividing the temperature difference into
temperature intervals.

[0051] The required outlet temperature of the heating
medium, or cooling medium, varies with the outdoor tem-
perature according to the equitherm curve. Equithermal
temperature control consists in setting the temperature
of the heating or cooling medium depending on the out-
door temperature. The characteristics of the heating or
cooling consumers and the entire heating or cooling sys-
tem 8 and 9 determine the amount of temperature differ-
ence. It can also change depending on the outdoor tem-
perature.

[0052] Theinvented control determines the outlet tem-
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perature of the medium and the temperature gradient.
This is already a known solution, but as a novelty, it sub-
sequently divides the temperature gradientinto individual
entities (heatpumps 1 or chillers 1’), which are connected
in parallel to the common fluid circuit 3, while controlling
their performance and circulation of the medium through
the entity so that the temperature gradient on the entity
is reached. When the total output of the cascade of en-
tities in the invented connection is required to be low, the
control gradually disconnects the entities.

[0053] Practical experiments preliminarily show that
the invention achieves a higher seasonal COP by 0.6 for
heat pumps 1 and a higher seasonal EER by 0.5 for chill-
ers 1.

Industrial Applicability

[0054] The method of connecting heat pumps accord-
ing to the invention is applicable to all central heat or cold
sources comprising at least two heat pumps, both in air-
conditioned buildings and in industrial cooling systems.
It allows to increase the performance and accumulation
capacity of systems when heat pumps are connected
directly to the heating or cooling system. It allows to re-
duce the hydraulic flow through the heating or cooling
system, saving pumping work and improving the hydrau-
lic balance of the system. The invented method of con-
necting heat pumps increases their lifetime.

Reference Signs List

[0055]

heat pump

chiller

primary fluid circuit
common fluid circuit
hydraulic pump
temperature sensor
controller
accumulation vessel
heating system
cooling system

0  absorption chiller

-

= O O ~NO O WN

Claims

1. A connection of heat pumps (1) to form an efficient
source of heat or cold, wherein each heat pump (1)
is provided with a primary fluid circuit (2), charac-
terised in that at least two heat pumps (1) are con-
nected by their primary fluid circuits (2) to a common
fluid circuit (3), the common fluid circuit (3) being
provided with atleast one hydraulic pump (4), further,
that a temperature sensor (5) is installed upstream
and downstream of each connection of the respec-
tive primary fluid circuit (2) to the common fluid circuit
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(3), wherein the heat pumps (1) and the hydraulic
pumps (4) are communicatively connected to atleast
one controller (6) for controlling their operation, and
atthe same time the controller (6) is communicatively
connected to the temperature sensors (5).

2. The connection according to claim 1,characterised

in that the common fluid circuit (3) is connected to
at least one accumulation vessel (7).

3. The connection according to claim 1,characterised

in that the common fluid circuit (3) is connected di-
rectly to a heating system (8) or a cooling system (9).

4. The connection according to any one of claims 1 to

3, characterised in that at least one of the primary
fluid circuits (2) is connected to the common fluid
circuit (3) via the accumulation tank (7).

5. The connection according to any one of claims 1 to
4, characterised in that each primary fluid circuit
(2) is hydraulically independent of the common fluid
circuit (3).

6. The connection according to any one of claims 1 to
5, characterised in that for an effective source of
cold, the primary fluid circuit (2) of the absorption
chiller (10) is connected at the first position of the
common fluid circuit (3) in the connection in terms
of fluid circulation.

7. A method of controlling heat pumps (1) in the con-
nection according to any one of claims 1 to 6, com-
prising the following procedure steps:

(a) the required temperature of the fluid at the
outlet of the common fluid circuit (3) is deter-
mined, and by procedure step

(b) the temperature at the last temperature sen-
sor (5) in the direction of circulation of the fluid
through the common fluid circuit (3) is measured
and the temperature difference between the re-
quired temperature and the actual temperature
of the circulating fluid is determined, character-
ised in that it further comprises the procedure
steps:

(c) the temperature differenceis divided into
temperature intervals for the individual con-
nected heatpumps (1), andinthe procedure
step

(d) the heat pumps (1) are activated accord-
ing to the required temperature interval to
reach the required temperature of fluid at
the outlet from the common fluid circuit (3).

8. The method according to claim 7, characterised in
that in the procedure step (d), the output of the hy-
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draulic pumps (4) of the common fluid circuit (3) is
simultaneously controlled.

The method according to claim 7 or 8 characterised
in that in the procedure step (c) the temperature
intervals are substantially of the same size.
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