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(54) HEAT PUMP

(57) Heat pump system comprising a circulation
channel between an evaporator and a condenser via a
vapour compressor and back again via an expansion de-
vice. A booster heat exchanger is included in the return
section of the circulation channel, the secondary circuit
of which is connected to a booster vapour inlet of the
vapour compressor. Furthermore, a control member, a
temperature and/or pressure sensor is provided for
measuring the temperature or pressure in the vapour

compressor, and in a control valve controllable by the
control member and included in the booster circuit. In an
iterative process, the supply of vapour via the booster
circuit is stopped by the control valve as soon as the
temperature and/or the pressure reaches an extreme lim-
it value. After a certain time t the supply of vapour to the
booster vapour inlet is restored by the control valve. The
iterative process is repeated as long as required by the
heat demand of the device.
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Description

[0001] The invention relates to a device which is in-
tended and arranged as a heat pump system as a heat
source for, for example, a central heating system or other
installation.

Related art

[0002] Heat pump systems are generally known (see,
for example, https://en.wikipedia.org/wiki/Heat_pump).
There is now a renewed interest in heat pump systems

due to environmental requirements and energy needs.

Disclosure of the invention

[0003] The object of the presentinvention is to provide
a heat pump system in which substantially higher tem-
peratures can be achieved than up tillnow are customary.
The present invention is based on the insight that in par-
ticular the vapour compressor of the installation can be
loaded considerably more heavily than when the instal-
lation is started. But also during operation, the load ca-
pacity of the compressor can be trained, as it were, or
"stretched" if, like physical training forhumans or animals,
the load is increased, for example, stepwise, by applying
"stretch/relax" control of the system, whereby the system
is able to deliver a substantially higher output, resulting
in a higher efficiency and a higher water temperature
when the heat pump system is used as a heat source for
a central heating system.

[0004] In general, a device intended and arranged as
a heat pump system, serving as a heat source for, for
example, a central heating system or other installation,
comprising a circulation channel of which a supply sec-
tion is arranged for transporting a heat transfer medium
in vapour form, hereinafter referred to as vapour, from
the outlet of an evaporator to the inlet of a condenser, by
means of a vapour compressor, which is adapted to draw
in the vapour from the evaporator through a low-pressure
portion of the supply section of the circulation channel
and through a low-pressure inlet, and to compress the
vapour from a low to a high pressure, and to supply the
pressurized vapour to the condenser through a high-
pressure portion of the supply section of the circulation
channel. The circulation channel also comprises a return
section, which is adapted for transporting the heat me-
dium from the outlet of the condenser to the inlet of the
evaporator through an expansion member (e.g. an ex-
pansion valve, throttle valve, optionally turbine), which is
arranged to reduce the pressure of the heat transfer me-
dium originating from the condenser outlet and thereby
to flash/expand the heat medium. A primary circuit of a
booster heat exchanger comprising a primary and a sec-
ondary circuit is included in the return section of the cir-
culation channel, preferably in the high-pressure section
of the return section of the circulation channel, i.e. be-
tween the outlet of the condenser and the expansion
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member. The secondary circuit of the booster heat ex-
changerisincludedin a booster circuitbetween the return
section of the circulation channel, on the side of the inlet
or outlet of the primary circuit (i.e. in cocurrent or counter-
current configuration), and abooster vapour inlet of either
the aforementioned vapour compressor or another va-
pour compressor, which (in both cases) is connected with
its high-pressure side to the high-pressure portion of the
supply section of the circulation channel.

According to the invention, furthermore a control member
is provided, such as a microprocessor or microcontroller,
and a temperature and/or pressure sensor for measuring
the temperature or pressure in the aforementioned va-
pour compressor, and a control valve controllable by the
control member and included in the booster circuit. Dur-
ing operation, the sensors transmit the measured tem-
perature and pressure to the control member. The control
member is arranged or programmed in such a way that,
in an iterative process, the supply of vapour through the
booster circuit to the booster vapour inlet is stopped or
reduced by means of the control valve as soon as the
temperature and/or the pressure in the vapour compres-
sor reaches an extreme limit value for the temperature
value or the pressure value in the vapour compressor,
after which the control member, after a time t determined
by the control member, by means of the control valve,
restores the supply of vapour through the booster circuit
to the booster vapour inlet, after which the iterative proc-
ess is repeated as long as required by the heat demand
of the device.

[0005] Preferably, the aforementioned vapour com-
pressor is of the spiral compressor type (scroll compres-
sor), comprising a low-pressure inlet, a high-pressure
outlet and a booster connection, wherein the outlet of the
secondary circuit of the booster heat exchanger is con-
nected to the booster connection of the scroll compres-
sor, which is connected with its high-pressure side to the
high-pressure portion of the supply section of the circu-
lation channel.

[0006] In an alternative embodiment, the vapour com-
pressoris of a type without a booster connection, wherein
the outlet of the secondary circuit of the booster heat
exchanger is connected to an (additional) auxiliary or
booster compressor which, like the aforementioned va-
pour compressor, is connected at its high-pressure side
to the high-pressure portion of the supply section of the
circulation channel.

[0007] Preferably, the compressor used is of the scroll
compressor type, which has an (additional) connection
for the injection of a vapour (vapour or gaseous heat
transfer medium) having an already elevated tempera-
ture. The high-temperature vapour, obtained by convert-
ing the high-pressure liquid recirculated from the con-
denser back to vapour by means of an expansion valve,
is injected into the secondary circuit of the booster heat
exchanger (also called "economizer"). As a result, a va-
pour with a high temperature is obtained, which subse-
quently if necessary (depending on the heat demand) is
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injected into the compressor through the (additional)
booster connection on the compressor, whereby an extra
high outlet temperature can be achieved on the high-
pressure side of the compressor.

[0008] In order to prevent malfunctioning of the com-
pressor due to the high pressure and/or high tempera-
ture, the supply of hot vapour to the booster connection
of the compressor is carefully controlled by the micro-
computer, which accurately controls the temperature in
the compressor by means of data obtained by the various
sensors. In order to prevent overheating of the compres-
sor, or that a too high pressure is reached, the temper-
ature sensor records the (head) temperature of the com-
pressor, and the pressure sensor of the compressor
records the pressure values prevailing within the com-
pressor, and sends the values to the microcomputer.
With these values, the microcomputer calculates if and
when cooling is required. If the temperature in the com-
pressor becomes too high or if the pressure dependent
on this temperature becomes too high, the microcomput-
erwill close the control valve (solenoid valve)in the boost-
er circuit. As a result, the high-pressure liquid is sent di-
rectly and in full to the evaporator, so that only a low-
pressure vapour having a low temperature is injected into
the compressor. By properly controlling this process, the
compressor never gets too hot and never operates with
a too high pressure. However, by temporarily raising the
temperature in the compressor (see the "training effect"
mentioned above), the pressure willbecome correspond-
ingly higher. By temporarily operating at very high pres-
sures and then allowing the compressor to cool, substan-
tially higher temperatures can be achieved in the con-
denser than without "training" the device. Because of this
step, by means of additional injection through the booster
circuit, the high temperature vapour in the compressor,
and consequently the compressor itself, is cooled back
(just) in time (by interrupting or reducing the booster flow
at the booster inlet of the compressor). As a result, the
temperature in the condenser is gradually increased until,
astests atworking conditions have shown, a temperature
of 115 °C instead of about 55 °C, as has been common
practice until now, without using the training process ac-
cording to the invention.

[0009] Also, the following is noted here. The high tem-
peratures in the condenser can only be achieved by op-
erating at high pressures and by injecting hot vapour.
However, high vapour temperatures result in high tem-
peratures and high pressures in the compressor. A com-
pressor is able to temporarily handle very high pressures
but not for a long time. So, in order to be able to reach
high temperatures in a condenser, the time during which
the compressor operates under high pressure will have
to be monitored, taking the temperature into account. The
higher the pressure and temperature in the compressor,
the shorter the compressor will be able to perform before
the compressor will fail due to (too) long operation at high
pressure. The microcomputer calculates very accurately
the length of time that can be used to achieve a high
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condenser temperature, and switches to the cooling
mode for the compressor just in time (shutting down or
reducing the hot booster stream through the booster cir-
cuit).

It is important to provide the cooling mode with a time
period, that is just long enough to allow the compressor
to cool down sufficiently, but that simultaneously ensures
that the temperature in the system is kept high, namely
by choosing the compressor’s cooling time as short as
possible. However, the following operating conditions are
essential and crucial: the higher the temperature in the
system, the more often the compressor will have to cool
down. During operation, this is also observed, because
the steps are getting shorter, while the temperature in
the system is going up. This increase of the temperatures
in the system can be achieved by immediately injecting
hot vapour back into the compressor (control valve in the
booster circuit open) after cooling the compressor (con-
trol valve in the booster circuit closed or minimal open).
As aresult, no temperature is lost in the system, because
the compressor immediately resumes the high flow of
compressed hot vapour and does not have to achieve
this high temperature solely by its own operation, which
latter will result in undesired cooling down of the system
resulting in lower temperatures.

[0010] Finally, when the system is at the desired tem-
perature, the compressor will switch off completely. But
to save energy, if there is still a heat demand, the micro-
computer will continue to monitor the temperature of the
system and when this temperature drops to a tempera-
ture difference with a delta T of more than 10 °C (of the
central heating system water temperature) with respect
to the set desired temperature, the compressor will re-
start to compensate for the decreased temperature and
restore the desired temperature.

[0011] The invention will now be further discussed with
reference to the figure description below.

Figure 1  shows a schematic representation of an ex-
emplary embodiment of a device according
to the invention, provided with a spiral com-
pressor with booster inlet;

Figure 2  shows a schematic representation of an ex-
emplary embodiment of a device according
to the invention, provided with a compressor
without booster inlet, wherein use is made of
an additional auxiliary compressor/booster
compressor;

Figure 3  shows an example of a "step diagram" in
which the temperature and pressure line
chart of the compressor is displayed as a
function of time for a device with a substantial
heat demand.

[0012] Figures 1 and 2 both show a schematic repre-
sentation of an exemplary embodiment of a device 1 ac-



5 EP 3 623 727 A1 6

cording to the invention, which is intended and arranged
as a heat pump system, serving as a heat source for, for
example, a central heating system 2 or other installation.
[0013] Thedevice 1, i.e. the actual heat pump system,
comprises a circulation channel 3 of which a supply sec-
tion 3a-b (see also flow direction arrows 4) is adapted for
transporting a heat transfer medium in vapour form, here-
inafter referred to as vapour, from the outlet 5b of an
evaporator 5 to the inlet 6a of a condenser 6, by means
of a vapour compressor 7, which is adapted to draw in a
vapour from a low-pressure portion 3a of the supply sec-
tion 3a-b of the circulation channel 3 through a low-pres-
sure inlet 7a, and to compress the vapour from a low to
a high pressure, and to press (pump) the high-pressure
vapour through a high-pressure portion 3b of the supply
section of the circulation channel 3 to the inlet 6a of the
condenser 6.

[0014] The circulation channel 3 comprises a return
section 3c-d, which is adapted to transport the heat trans-
fer medium from the outlet 6b of the condenser 6 to the
inlet 5a of the evaporator 5 through an expansion mem-
ber 8, which is adapted to reduce the pressure of the
heat transfer medium from outlet 6b of the condenser 6
by means of expansion of the heat transfer medium.
[0015] Inthe return section 3c-d of the circulation chan-
nel 3, a primary circuit 9a of a booster heat exchanger
9, comprising a primary 9a and a secondary circuit 9b,
is included. The secondary circuit 9b is included in a
booster circuit 10 between on the one hand the high-
pressure portion 3c of the return section 3c-d of the cir-
culation channel 3 and, on the other hand, a booster va-
pour inlet 7c, 19a of either the aforementioned vapour
compressor 7, as representedinfigure 1, or another (aux-
iliary or booster) vapour compressor 19, as represented
in figure 2, which (in both embodiments) are connected
with their high-pressure side 7b, 19b to the high-pressure
portion 3b of the supply section 3a-b of the circulation
channel 3. In the exemplary embodiments shown, the
secondary circuit 9b of the booster heat exchanger 9 is
connected with the high-pressure portion 3b of the supply
section 3a-b of the circulation channel 3 through an ex-
pansion/control valve 12, hereinafter referred to as con-
trol valve, which is controllable from a controlmember 11.
[0016] In addition to the control member 11, for exam-
ple a microprocessor or microcontroller, and to the con-
trol valve 12, which is included in the booster circuit 10
and is controlled by the control member 11, furthermore
a temperature sensor 13 and a pressure sensor 14 are
provided for measuring the temperature and the pressure
within the vapour compressor 7.

[0017] The sensors transmit the measured tempera-
ture and pressure to the control member 11 during op-
eration of the device. The control member 11 is arranged
or programmed in such a way that, in an iterative process
(see Figure 3), the supply of the vapour through the
booster circuit 10 to the booster vapour inlet 7¢c by means
of the control valve 12 is stopped or reduced as soon as
the temperature and/or the pressure within the vapour
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compressor reaches an extreme limit value T, OF Prax
for the temperature or pressure value within the vapour
compressor. After which the control member 11, after a
time t determined by the control member 11, restores the
supply of vapour through the booster circuit 10 to the
booster vapour inlet 7c by means of the control valve 12.
This iterative process is repeated as long as required by
the heat demand of the device.

[0018] Heat transport, represented by arrows 15a-c,
therefore takes place in and by means of device 1 from
a heat source with a low temperature, for example am-
bient air, which is supplied to the evaporator 5; for exam-
ple by a fan (not shown) (the evaporator 5 thus forms an
air/liquid heat exchanger). By means of the device ac-
cording to the invention, the heat absorbed by the evap-
orator is substantially increased in temperature, the heat
being transferred to the condenser 6 at that high temper-
ature. The condenser 6 forms the primary circuit of (for
example) aliquid/liquid heat exchanger, of which the sec-
ondary circuit 6¢ is included as a heat source (with a high
temperature) in the circulation circuit 16 of the aforemen-
tioned central heating system 2, in which the heat transfer
medium (usually water) is circulated through radiators 18
by means of a circulation pump 17, whereby the heat 15c¢
is transferred to the environment of the radiators. Fur-
thermore, the secondary circuit 6¢ of the liquid/liquid heat
exchanger, as is usual in every modern heating installa-
tion/system, is used for heating tap water, for example
by means of a switch valve (not shown).

[0019] Figure 1 shows, as stated, an exemplary em-
bodimentinwhich the vapour compressor 7 is of the spiral
compressor type (scroll compressor), comprising a low-
pressure inlet 7a, a high-pressure outlet 7b and a booster
connection (booster vapour inlet 7c), wherein the sec-
ondary circuit 9b of the booster heat exchanger 9 has its
outlet 9c connected to the booster connection 7c¢ of the
spiral compressor 7, which is connected with its high-
pressure side 7b to the high-pressure portion 3b of the
supply section 3a-b of the circulation channel 3.

[0020] Figure 2 shows an exemplary embodiment
wherein the vapour compressor 7’ is of a type without
booster connection (booster vapour inlet), wherein the
secondary circuit 9b of the booster heat exchanger 9 at
its outlet 9c is connected to the booster vapour inlet 19a
of an auxiliary or booster compressor 19 which, like the
vapour compressor 7’, has its high-pressure side 19b
connected to the high-pressure portion 3b of the supply
section 3a-b of the circulation channel 3.

[0021] It is noted that, for example, the housings of
both compressors 7’ and 19 can be jointly assembled if
desired, so that both compressors will assume/adopt ap-
proximately the same temperature by means of their joint
housing. Therefore, both compressors are cooled by
means of the inflow, through the low-pressure compres-
sor inlet 7a, of the relatively cold heat transfer medium
from the outlet 5b of the evaporator 5.

[0022] Figure 3 shows an example of a "step diagram",
in which the temperature line curve 20 of the compressor
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7 is plotted as a function of time for a device according
to the invention with a substantial heat demand. Further-
more, the associated temperature line curve 21 is shown
of the heat transfer medium (usually water) within the
central heating system 2.

Claims

1. Device (1) intended and arranged as a heat pump
system, serving as a heat source for, for example, a
central heating system or other installation (2), com-
prising a circulation channel (3) of which a supply
section (3a-b) is arranged for transporting a heat
transfer medium in vapour form, hereinafter referred
to as vapour, from the outlet (5b) of an evaporator
(5) to the inlet (6a) of a condenser (6), by means of
a vapour compressor (7), which is adapted to com-
press the vapour from the evaporator through a low-
pressure portion (3a) of the supply section of the
circulation channel and through a low-pressure inlet
(7a) from low to high pressure, and to supply the
high-pressure vapour to the condenser through a
high-pressure portion (3b) of the supply section of
the circulation channel, of which circulation channel
(3) areturn section (3c-d) is arranged for transporting
the heat medium from the outlet (6b) of the condens-
er to the inlet (5a) of the evaporator through an ex-
pansion member (8), which is arranged to reduce
the pressure of the heat transfer medium flowing
from the condenser outlet,
wherein in the return section of the circulation chan-
nel a primary circuit (9a) of a booster heat exchanger
(9) is included, comprising a primary and a second-
ary circuit, wherein the secondary circuit (9b) is in-
cluded in a booster circuit (10) between the return
section (3c-d) of the circulation channel and a boost-
ervapourinlet (7c, 19a) of either the aforementioned
vapour compressor (7) or another vapour compres-
sor (19), which both are connected with their high-
pressure side (7b, 19b) to the high-pressure portion
(3b) of the supply section of the circulation channel,
wherein furthermore a control member (11) is pro-
vided, and a temperature sensor and/or a pressure
sensor (13, 14) for measuring the temperature or
pressure (T, p) in the aforementioned vapour com-
pressor (7), and a control valve (12) controllable by
the control member and included in the booster cir-
cuit,
wherein the temperature sensor and/or pressure
sensor during operation transmits the measured
temperature and/or pressure to the control member,
wherein the control member is arranged or pro-
grammed in such a way that, in an iterative process,
the supply of vapour through the booster circuit (10)
to the booster vapour inlet by means of the control
valve is stopped or reduced as soon as the temper-
ature and/or the pressure in the vapour compressor
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reaches an extreme limit value for the temperature
value and/or the pressure value in the vapour com-
pressor, after which the control member, after a time
t determined by the control member, by means of
the control valve, restores the supply of vapour
through the booster circuit to the booster vapour in-
let, after which the iterative process is repeated as
long as required by the heat demand of the device.

Device according to claim 1, wherein the aforemen-
tioned vapour compressor (7) is of the spiral com-
pressor type or scroll compressor type, hereinafter
referred to as scroll compressor, comprising a low-
pressure inlet (7a), a high-pressure outlet (7b) and
a booster connection (7c), wherein the secondary
circuit of the booster heat exchanger has its outlet
connected to the booster connection of the scroll
compressor, which is connected with its high-pres-
sure side to the high-pressure portion of the supply
section of the circulation channel.

Device according to claim 1, wherein the vapour
compressor (7’) is of a type without booster connec-
tion, wherein the secondary circuit of the booster
heat exchanger has its outlet connected to an aux-
iliary or booster compressor (19), which is connected
at its high-pressure side (19b) to the high-pressure
portion (3b) of the supply section of the circulation
channel.
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