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(54) HEAT PUMP WITH PRE-HEATING / PRE-COOLING OF HEAT / COLD SOURCE

(57) A heat pump has a compressor 1, a first heat
exchanger 3 (evaporator), an expansion valve 2 and a
second heat exchanger 5 (condenser). The first heat ex-
changer 3 exchanges energy with the air to be cooled
and is provided with a fan 6. The second heat exchanger
5 exchanges energy with tap water and for this purpose
is connected to a water pipe 15, 16. The heat pump also
has a third heat exchanger 4 for preheating or pre-cooling

the tap water through the heat transfer medium to save
tap water if it is hot in the summer or cold in the winter.
The flow of the heat transfer medium through the third
heat exchanger 4 can be controlled by a control valve 7
and the supply line 15 of the tap water can first be led
through the third heat exchanger 4 by means of shut-off
valves 9 and 12 before being sent to the second heat
exchanger 5.
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Description

Technical field of the invention

[0001] The invention relates to a heat pump, wherein
energy is exchanged via a heat transfer medium between
a heat or cold source and a room to be heated or cooled
by heating or cooling indoor air or water for heating /
cooling floor and / or radiators, which heat pump is pro-
vided with a first circuit, for circulation of the heat transfer
medium between the heat or cold source and the space
to be heated or cooled, and a second circuit for water,
said heat pump comprising:

- a compressor for compressing the heat transfer me-
dium in the gaseous state,

- an expansion valve for reducing the pressure of the
heat transfer medium in the liquid state,

- a first heat exchanger between the compressor and
the expansion valve for effecting a phase transition
between liquid and gas of the heat transfer medium,

- a second heat exchanger between the compressor
and the expansion valve for effecting a phase tran-
sition between liquid and gas of the heat transfer
medium opposite to that of the first heat exchanger,

- a third heat exchanger in which heat transfer be-
tween the water and the heat transfer medium can
take place for preheating or pre-cooling the water in
the second circuit, which third heat exchanger is in
a bypass line which is present between the expan-
sion valve and the compressor and which is parallel
to the first heat exchanger and which third heat ex-
changer can be switched in the circuit of the heat
transfer medium by means of a control valve present
in the bypass line, and

- a fan for blowing air through the first heat exchanger,
or
a heating water pipe present in the first heat ex-
changer,

the first circuit being formed by the compressor, the first
heat exchanger, the expansion valve and the second
heat exchanger and, depending on the position of the
control valve, by the third heat exchanger and forming a
closed circuit for the heat transfer medium.
[0002] A heat pump absorbs heat at a low temperature,
which is released again at a high temperature. This is
usually accomplished by allowing a liquid (heat transfer
medium) to evaporate at a low temperature and to allow
the vapor to condense at a high temperature. The boiling
point must therefore be lowered in the first case and / or
increased in the second case. The boiling point can be
increased by increasing the pressure with a compressor
and lowered by lowering the pressure in an expansion
valve. The whole of evaporating, compressing, condens-
ing and expanding forms a closed circuit for the circulat-
ing heat transfer medium. Energy is supplied to the heat
pump (to the compressor) and heat is transferred from

the evaporator to the condenser. A heat pump is a closed
cycle of a liquid with a low boiling point, for example Fre-
on, which evaporates in the evaporator and condenses
again into liquid in the condenser. The expansion valve
allows the liquid to relax to a lower pressure at the evap-
orating temperature. This causes the liquid to boil and
absorb heat from the room to be cooled. Because the
heat transfer medium is colder than the environment,
heat is supplied to it. The heat from the room is transferred
to the heat transfer medium which evaporates complete-
ly. In the compressor, the gaseous heat transfer medium
is compressed to a higher pressure and temperature and
fed to the condenser. The gas releases the extracted
heat to the tap water and condenses back to liquid. The
compressor is the driving force in the entire process by
moving the heat transfer medium. By moving the heat
transfer medium in the opposite direction, heating can
also be carried out with a heat pump, whereby heat is
extracted from the tap water and released into the room
air.

Background of the invention

[0003] A heat pump according to the preamble of claim
1 is known from US2014/0000308A. The second circuit
connected to this known heat pump is a hot water circuit
for heating a room by means of radiators and the first
circuit extracts heat from the ambient air (by the first heat
exchanger) and transfers this heat to the water in the hot
water circuit (using the second heat exchanger). To keep
the COP high, the water in the hot water circuit must be
pre-cooled under certain circumstances. This is done in
the third heat exchanger.
[0004] For heat pumps that are connected to the open
water supply network and use tap water as heat or cold
source, the temperature of the water in the drinking tap
water supply is high on summer days. This means that
a lot of tap water is required to be able to release the
absorbed heat. In the winter, the temperature of the water
in the tap water pipe is low, which means that also a large
quantity of tap water is needed from which sufficient heat
can be extracted for heating the air. In autumn and spring
the temperature of the water in the drinking tap water
pipe is good for heating or cooling, but the need for this
is then the lowest.

Summary of the invention

[0005] It is an object of the invention to provide a heat
pump of the type described in the preamble wherein in
the summer and winter less tap water is required for cool-
ing or heating. To this end, the heat pump according to
the invention is characterized in that the second circuit
forms part of the heat or cold source and is provided with
two connections for connection to an open water supply
circuit. The drinking water pipe is preferably used for this.
[0006] To prevent that the pre-heating / pre-cooling of
the tap water has a negative effect on heating / cooling
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the air, extra energy is supplied by the compressor during
pre-heating / pre-cooling.
[0007] The advantages of the heat pump according to
the invention over a heat pump in which tap water is used
as heat / cold source but where no third heat exchanger
is present are:

- at low outside temperature, a high efficiency during
heating is obtained by increasing the tap water tem-
perature in relation to the outside air,

- at high outside temperature, a high efficiency during
cooling is obtained by reducing the tap water tem-
perature in relation to the outside air,

- low water consumption by topping up (heating / cool-
ing) of the tap water temperature.

[0008] An embodiment of the heat pump according to
the invention is characterized in that a control valve is in
the water supply line with which during cooling the
amount of tap water through the second heat exchanger
is controlled, which control valve is controlled by the pres-
sure of the heat transfer medium at the second heat ex-
changer, and that a bypass line is present parallel to the
control valve, in which bypass line a further control valve
is present with which the amount of tap water is controlled
by the second heat exchanger during heating. During
heating, the second heat exchanger acts as an evapo-
rator and the pressure of the heat transfer medium at the
location of the second heat exchanger is such low that
the control valve is completely closed. Therefore, during
heating, the amount of tap water can be controlled by the
further control valve in the bypass line.
[0009] The invention also relates to a method for heat-
ing or cooling a room with the aid of a heat pump accord-
ing to the invention, wherein heat is extracted from water
in the second circuit or heat is released from water in the
second circuit using the second heat exchanger, wherein
if the water in the second circuit is warmer or colder than
a set limit value corresponding to a COP which is defined
as a lower limit, the water is pre-cooled or pre-heated
using the third heat exchanger, and wherein heat is ex-
tracted or released from the room using the first heat
exchanger.

Brief description of the drawings

[0010] The invention will be further elucidated below
on the basis of drawings. These drawings show an em-
bodiment of the heat pump according to the present in-
vention. In the drawings:

Figure 1 is a pipe and component diagram of the
heat pump according to the invention with the liquid
/ gas flows indicated during cooling,
Figure 2 is the diagram with the liquid / gas flows
indicated during cooling with pre-cooling of the tap
water,
Figure 3 is the diagram with the liquid / gas flows

indicated during heating, and
Figure 4 is the diagram with the liquid / gas flows
indicated during heating with pre-heating the tap wa-
ter.

Detailed description of the drawings

[0011] Figure 1 shows the heat pump according to the
invention schematically. In the heat pump, energy is ex-
changed via a heat transfer medium between a heat or
cold source formed by water in the drinking water pipe
and indoor air 14 to be heated or cooled. Here, Freon is
taken as heat transfer medium, but other known liquids
could also be taken for this. The heat pump has a com-
pressor 1 for compressing the heat transfer medium in
the gaseous state and an expansion valve 2 for lowering
the pressure of the heat transfer medium in the liquid
state. Between the compressor and the expansion valve
there are two heat exchangers 3 and 5 for effecting a
phase transition between liquid and gas (condensing or
evaporating) of the heat transfer medium. During oper-
ation, one heat exchanger effects a phase transition from
liquid to gas (evaporation) and the other heat exchanger
from gas to liquid (condensing). A first of the heat ex-
changers 3 exchanges energy with the air to be heated
/ cooled and is for this purpose provided with a fan 6 for
blowing inside air through the first heat exchanger. The
second heat exchanger 5 exchanges energy with the tap
water and for this purpose is connected to a water supply
line 15 and a water discharge line 16. The compressor,
the first heat exchanger, the expansion valve and the
second heat exchanger form a closed circuit for the heat
transfer medium.
[0012] In the water supply line there is a control valve
11 with which, during the condensation of the heat trans-
fer medium, the amount of tap water going through the
second heat exchanger 5 is controlled. This control valve
is pressure-controlled and is controlled by the pressure
of the heat transfer medium at the location of the second
heat exchanger 5. A bypass line with a further control
valve 17 and a shut-off valve 18 is parallel to the control
valve 11. During the evaporation of the heat transfer me-
dium, the amount of water through the second heat ex-
changer 5 is controlled by the further control valve 17 by
opening shut-off valve 18.
[0013] The heat pump further has a third heat exchang-
er 4 for pre-heating or pre-cooling the tap water by the
heat transfer medium. This third heat exchanger 4 is
present in the heat transfer medium circuit via a bypass
line between the expansion valve 2 and the compressor
1 and parallel to the first heat exchanger 3 and can be
connected in series with the second heat exchanger 5 in
the tap water circuit. The flow of the heat transfer medium
through the third heat exchanger 4 can be controlled by
a control valve 7 which is present in a bypass line over
the first heat exchanger 3. The supply line 15 of the tap
water can be led directly via a first branch to the second
heat exchanger 5 or via a second branch first through
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the third heat exchanger 4 and then to the second heat
exchanger 5. To this end, there are shut-off valves 9 and
12 in both branches. Depending on whether they are
opened or closed, the tap water can be controlled.
[0014] To prevent freezing of the heat transfer medium
during the pre-cooling of the tap water, the temperature
of the medium is measured in the bypass line and if the
temperature is too low, the valves 8 and 10 in the bypass
line are closed, thereby preventing the medium from en-
tering the third heat exchanger to freeze.
[0015] With the heat pump the indoor air 14 can be
cooled as well as heated. For this purpose, the flow di-
rection of the heat transfer medium can be reversed by
switching a four-way valve 13. Figures 1 and 2 show the
situation during cooling the indoor air 14, wherein the first
heat exchanger 3 acts as an evaporator and the second
heat exchanger 5 acts as a condenser. In this situation,
the third heat exchanger 4 also functions as an evapo-
rator. Figure 1 shows the situation without pre-cooling
the tap water. In this situation, valve 12 is open and valve
9 is closed. The tap water flows directly via the supply
pipe 15 to the second heat exchanger 5. Figure 2 shows
the situation in which the tap water is pre-cooled. In this
situation, valve 12 is closed and valve 9 is open. The tap
water then flows via the supply line 15 first through the
third heat exchanger and then to the second heat ex-
changer 5. The heat transfer medium reduced in temper-
ature by expansion herein cools the tap water that flows
to the second heat exchanger. This happens in the sum-
mer when the tap water is relatively warm (for example
25 °C), which would otherwise require a lot of tap water
to allow the heat transfer medium to condense. To pre-
vent that the cooling capacity for cooling the indoor air
14 has a negative effect on pre-cooling the tap water, the
compressor is allowed to work harder. The water saving
achieved in this way more than outweighs the costs for
the extra energy that the compressor requires.
[0016] Figures 3 and 4 show the situation during the
heating of the indoor air 14, wherein the first heat ex-
changer 3 acts as a condenser and the second heat ex-
changer 5 acts as an evaporator. In this situation, the
third heat exchanger 4 also functions as a condenser.
Figure 3 shows the situation without pre-heating the tap
water. In this situation, valve 12 is open and valve 9 is
closed. The tap water flows directly via the supply line
15 to the second heat exchanger 5. Figure 4 shows the
situation in which the tap water is pre-heated. In this sit-
uation, valve 12 is closed and valve 9 is open. The tap
water flows through the supply pipe 15 first through the
third heat exchanger and then to the second heat ex-
changer 5. This happens in the winter if the tap water is
relatively cold (for example 16 °C), which would other-
wise require a large quantity of tap water to evaporate
the heat transfer medium. This is also done to ensure
that the heat transfer medium leaving the evaporator is
above the freezing temperature. To prevent that the heat-
ing capacity for heating the indoor air 14 has negative
effect on preheating the tap water, the compressor is also

allowed to work harder in this situation.
[0017] Although in the foregoing the invention has
been elucidated with reference to the drawings, it should
be noticed that the invention is by no means limited to
the embodiment shown in the drawings. The invention
also extends to all embodiments deviating from the em-
bodiment shown in the drawings within the scope defined
by the claims. In this way, water for floor heating (floor
cooling) or radiators can be heated or cooled instead of
air. In that case the fan is replaced by a water pipe that
is located in the circuit of the pipes through the floor and
/ or the radiators.
[0018] It is also possible to include a fourth heat ex-
changer in the heat pump parallel with the third heat ex-
changer, one of these two heat exchangers then being
used exclusively for pre-heating the tap water and the
other heat exchanger exclusively for pre-cooling the tap
water.

Claims

1. A heat pump, wherein energy is exchanged via a
heat transfer medium between a heat or cold source
and a room to be heated or cooled by heating or
cooling indoor air (14) or water for heating / cooling
floor and / or radiators, which heat pump is provided
with a first circuit, for circulation of the heat transfer
medium between the heat or cold source and the
space to be heated or cooled, and a second circuit
(15) for water, said heat pump comprising:

- a compressor (1) for compressing the heat
transfer medium in the gaseous state,
- an expansion valve (2) for reducing the pres-
sure of the heat transfer medium in the liquid
state,
- a first heat exchanger (3) between the com-
pressor and the expansion valve for effecting a
phase transition between liquid and gas of the
heat transfer medium,
- a second heat exchanger (5) between the com-
pressor and the expansion valve for effecting a
phase transition between liquid and gas of the
heat transfer medium opposite to that of the first
heat exchanger,
- a third heat exchanger (4) in which heat transfer
between the water and the heat transfer medium
can take place for preheating or pre-cooling the
water in the second circuit, which third heat ex-
changer is in a bypass line which is present be-
tween the expansion valve (2) and the compres-
sor (1) and which is parallel to the first heat ex-
changer (3) and which third heat exchanger can
be switched in the circuit of the heat transfer
medium by means of a control valve (7) present
in the bypass line, and
- a fan (6) for blowing air through the first heat
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exchanger, or
a heating water pipe present in the first heat ex-
changer,

the first circuit being formed by the compressor, the
first heat exchanger, the expansion valve and the
second heat exchanger and, depending on the po-
sition of the control valve (7), by the third heat ex-
changer and forming a closed circuit for the heat
transfer medium,
characterized in that the second circuit forms part
of the heat or cold source and is provided with two
connections for connection to an open water supply
circuit.

2. Heat pump according to claim 1, characterized in
that a control valve (11) is in the water supply line
with which during cooling the amount of tap water
through the second heat exchanger (5) is controlled,
which control valve is controlled by the pressure of
the heat transfer medium at the second heat ex-
changer, and that a bypass line is present parallel
to the control valve (11), in which bypass line a further
control valve (17) is present with which the amount
of tap water is controlled by the second heat ex-
changer (5) during heating.

3. A method for heating or cooling a room using a heat
pump according to any one of the preceding claims,
wherein heat is extracted from water in the second
circuit or heat is released from water in the second
circuit using the second heat exchanger, wherein if
the water in the second circuit is warmer or colder
than a set limit value corresponding to a COP which
is defined as a lower limit, the water is pre-cooled or
pre-heated using the third heat exchanger, and
wherein heat is extracted or released from the room
using the first heat exchanger.

7 8 



EP 3 623 724 A1

6



EP 3 623 724 A1

7



EP 3 623 724 A1

8

5

10

15

20

25

30

35

40

45

50

55



EP 3 623 724 A1

9

5

10

15

20

25

30

35

40

45

50

55



EP 3 623 724 A1

10

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20140000308 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

