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DESCRIPTION

FIELD OF THE INVENTION

[0001] The Iinvention relates to a separator device for separating gas from a liquid flow. More
In general, the invention relates to heating and/or cooling systems.

BACKGROUND TO THE INVENTION

[0002] Heating and/or cooling systems are known per se. Many of these systems include a
closed circuit comprising a heating and/or cooling medium, such as a liquid. In these systems,
gas may be present within the closed circuit. The gas may be free gas, e.g. bubbles or gas
heads within components in the closed circuit, or gas dissolved In the liquid heating and/or
cooling medium. It is preferred to remove the gas from the medium.

[0003] Heating and/or cooling systems are known which have a degassing device comprising a
valve which iIs, e.g. manually, opened during maintenance for removing gas from the closed
circuit. Also, automatic degassing devices are known, such as automatic micro-bubble
degassing devices.

[0004] WO 9/7/14922A1 discloses a degassing device wherein the liquid Is degassed by
reducing the pressure In a degassing container by interrupting liquid feed while a circulation
pump is still running. Liquid is also sprayed into the degassing container.

[0005] US6,251,167B1 relates to a machine for removing dissolved gases from liquids. Liquid
Is forced to flow turbulently through a tank, while simultaneously a scrubbing gas i1s pumped
through the tank. A nozzle injects the liquid against baffles in the tank to create turbulence.

[0006] EP2313174A1 relates to a device for degassing a liquid of a circulation system. The
liquid Is sprayed into a chamber in which a degassing pressure Is maintained being higher than
atmospheric pressure and lower than a working pressure of the circulation system. A pump
maintains the degassing pressure in the chamber.

[0007] EP27/15153A1 relates to a de-aeration device for de-aerating hydraulic fluid In a
hydraulic system. The de-aeration device Includes a jet pump with a nozzle and diffuser, the
Interaction of which creates a low pressure In a suction chamber. The pressure In the suction
chamber being lower than a pressure In a return chamber shunts a portion of the hydraulic
fluid from the return chamber and draws it into a de-aeration chamber.

SUMMARY OF THE INVENTION
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[0008] It Is an object to provide a separator device with improved efficiency for separating gas
from the liquid flow.

[0009] Thereto, according to an aspect, is provided a separator device according to claim 1

[0010] Preferably, in use, the housing Is at most partially filled with the liquid. Hence, the
housing includes a gas head. The float floats on the surface of the liquid in the housing. WWhen
a predetermined amount of gas has accumulated in the housing, the gas head reaches a
predetermined volume, 1.e. the liquid surface has dropped to a predetermined level, such that
the float activates the valve to open and release the accumulated gas to the ambient
atmosphere. The nozzle can create a jet and/or mist of the liquid in the housing. Hence
degassing of the liquid in the housing Is promoted.

[0011] The nozzle can spray liquid into a volume of gas Inside the housing which promotes
degassing of the liquid.

[0012] Optionally, the nozzle i1s positioned higher than the float. Hence, the nozzle is situated at
a level higher than the liquid level. The nozzle may be located in an upper part of the housing.
Spraying into the gas head provides the advantage that gas that has been removed from the
liquid I1s directly stored in the gas head so that re-solution of the gas into the liquid is minimized.

[0013] The nozzle can be arranged to spray in a direction away from the liquid surface in the
housing. The sprayed liquid then may have a long free pathway in the housing, allowing for
efficient removal of gas from the liquid droplets or jet. Also, the nozzle may be arranged to
spray the jet of the liquid towards an Inner wall of the housing, wherein the jet, upon
impingement on the inner wall, will break up in small droplets for efficient degassing.

[0014] Optionally, the nozzle i1s arranged such that the sprayed liquid causes the float to move,
e.g. to jiggle. Optionally, the nozzle i1s positioned and/or directed such that the sprayed liquid
causes the float to move, e.g. to jiggle Optionally, the nozzle is arranged for spraying at least
part of the liquid against the float. It is also possible that the nozzle is arranged for spraying at
least part of the liquid against a member connecting the float and the valve. Hence, the float
may be brought or kept in motion by the sprayed liquid. The float may then e.g. be Iin a periodic
or random oscillation. Having the float in motion reduces the risk of the float, e.g. temporarily,
sticking to part of the housing, such as an inner wall. Hence, delays in opening of the valve
may be prevented or at least minimized. Reducing delays in opening the valve also reduces
the effect of re-solution of gas into the liquid.

[0015] Optionally, the housing Includes a first chamber and a second chamber. The second
chamber can be placed above the first chamber. The nozzle 24 can be positioned In the first
chamber. The float can be positioned in the second chamber. The first chamber can include a
rise pipe. The rise pipe can have a first open end. The nozzle can be positioned higher than
the first open end. Hence, a volume of gas can build up in the first chamber. The nozzle can be
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positioned higher than the liquid level associated with the volume of gas in the first chamber.
When the amount of gas In the first chamber increases, the liquid level in the first chamber will
drop. Once the liquid level in the first chamber drops below the first open end of the rise pipe,
gas can escape through the rise pipe into the second chamber. The second chamber may
Include a gas head and a liquid level. The float can be positioned in the second chamber. If the
amount of gas In the second chamber Increases, the liquid level in the second chamber will
drop. The liquid level In the second chamber may drop until the float has been lowered
sufficiently to open the valve. At that moment gas can be allowed to escape from the housing
and the liquid level in the second chamber will rise again until the float is raised sufficiently to
close the valve again.

[0016] The separator device housing Includes an Inlet, and an outlet, and a flow path
extending from the inlet to the outlet for allowing liquid to flow through the housing. In that case
the separator device can be used In a flow-through mode.

[0017] The separator device Includes means for reducing a pressure inside the housing.
Reducing the pressure inside the housing Increases degassing efficiency. The separator
device Includes a venturi In the liquid flow path extending from the inlet to the outlet for
reducing a pressure inside the housing.

[0018] The nozzle may be iIn communication with the liquid flow upstream of the venturi. The
nozzle may be in communication with the liquid flow downstream of the venturi. Optionally, the
nozzle 1s In communication with the liquid flow downstream of the Inlet of the housing. Hence,
the nozzle can be fed with liquid from within the housing and the inlet and outlet can be the
only ports that require connection to the liquid flow.

[0019] It will be appreciated that use of the venturi provides the advantage that the pressure
reduction in the housing can be achieved passively, only using the liquid flow as energy source.
The separator device can be used in series with a main flow of the liquid flow. Alternatively the
separator device can be used In parallel with a main flow of the liquid flow.

[0020] Optionally the venturi is arranged for lowering the pressure of the liquid to at or slightly
above the vapor pressure of the liquid.

[0021] Optionally, the separator device includes a pump for pumping the liquid along the liquid
flow path. Hence, the pump can be used for regulating flow speed through the venturi, and
hence for regulating the pressure inside the housing. However, according to an embodiment
not covered by the claims, the pump can also be used for reducing the pressure inside the
housing without a venturi. For instance a restriction may be positioned at an upstream prat of
the liquid flow path.

[0022] Optionally, the separator device includes a pressure sensor for measuring a pressure
Inside the housing and a controller arranged for controlling the pump on the basis of the
measured pressure. The controller can be arranged for controlling the pump to maintain a
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predetermined pressure inside the housing.

[0023] Optionally, the controller i1s arranged for controlling the pressure inside the housing to
be below, or equal to, the vapor pressure of the liquid. This can assist in generating gas
bubbles.

[0024] Optionally the controller i1s arranged for, at least at times, controlling the pressure inside
the housing to be higher than, or equal to, the ambient pressure outside the housing. This can
assist in expelling gas from the housing.

[0025] Optionally, the controller i1s arranged for controlling the pressure inside the housing to
be alternately below, or equal to, the vapor pressure and above, or equal to, the ambient
pressure. Optionally, the controller i1s arranged for controlling the pressure inside the housing
to be alternately below and above, or equal to, the ambient pressure. Hence, the separator
device can alternate between Improved degassing conditions and improved expelling
conditions.

[0026] Optionally, the controller is arranged for performing a test run comprising the steps of
controlling the pump to run at maximum power; and at maximum pump power, determining the
pressure inside the housing. Running the pump at maximum power can cause the pressure to
reduce to the vapour pressure (or close to the vapour pressure). After the test run, the
controller can be arranged for controlling the pump to maintain a pressure at or slightly above
the determined minimum pressure determined during the test run. Slightly above the minimum
pressure can e.g. be 0 to 0.2 bar above the determined minimum pressure.

[0027] Optionally, the separator device Includes a temperature sensor for measuring a
temperature inside the housing and a controller arranged for controlling the pump on the basis
of the measured temperature. The controller can be arranged for controlling the pump to
maintain a predetermined temperature inside the housing.

[0028] Optionally, the separator device includes a liquid level sensor for determining a liquid
level inside the housing and a controller arranged for controlling the pump on the basis of the
measured liquid level. The controller can be arranged for controlling the pump to maintain a
substantially constant liquid level inside the housing.

[0029] Optionally, the separator device Iincludes a gas bubble detector for detecting gas
bubbles in the housing and a controller arranged for controlling the pump on the basis of the
bubble detection. The controller can be arranged for reducing the energy supplied to the pump
and/or for stopping the pump when the amount of gas bubbles detected Is below a
predetermined threshold.

[0030] Optionally, the separator device includes a flow switch arranged for measuring gas flow
at the valve and a controller arranged for controlling the pump on the basis of the measured
gas flow. The controller can be arranged for switching off the pump when the measured gas
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flow Is below a predetermined threshold.

[0031] Optionally, the separator device Includes a second pressure sensor arranged for
determining the liquid pressure In a closed circuit connected to the housing and a controller
arranged for controlling the pump on the basis of the pressure measured by the second
pressure sensor. This measure pressure Inside the closed circuit and outside the housing, can
Increase due to growing of the gas head Inside the housing. Optionally, the controller is
arranged for causing expulsion of gas from the separator when the pressure measured by the
second pressure sensor Is above a predetermined threshold. VWhen the pressure in the closed
circuit exceeds the threshold level, forced expulsion of gas from the housing may relieve the
pressure In the closed circuit. Optionally, the controller is arranged for reducing the energy
supplied to the pump and/or for stopping the pump when the pressure measured by the
second pressure sensor Is above a predetermined threshold.

[0032] Optionally, the controller arranged for controlling the pump on the basis of the pressure
measured by the second pressure sensor for avoiding or reducing interference with pressure
control of other apparatuses included in the closed liquid circuit, such as a boiller.

[0033] It will be appreciated that the above mentioned controllers can be separate individual
controllers, or can be partial controllers of a combined controller.

[0034] Optionally the valve includes a check valve. Optionally, the valve includes a check valve
In series with the float operated valve.

[0035] According to an aspect Is provided a heating and/or cooling system according to claim
9. This provides the advantage that gas can efficiently be removed from the liquid of the
heating and/or cooling system. The heating and/or cooling system can include a closed liquid
circuit. In the closed liquid circuit a heating and/or cooling liquid circulates. The system can
Include a heater device, a pump and a radiator. In use, the heating liquid can be heated in the
heater device and pumped to the radiator for heating a surroundings of the radiator. The
system can include a cooling device a pump and a heat exchanger. In use, the cooling liquid
can be cooled In the cooling device and pumped to the heat exchanger for cooling a
surroundings of the heat exchanger.

[0036] According to an aspect the heating and/or cooling system includes a liquid flow circuit
and separator device for separating gas from a liquid flow. The separator device Includes a
housing having a port. The port is In liquid communication with the liquid flow circuit at a first
position. The separator device Iincludes a valve arranged for allowing gas to escape from the
housing, and a float arranged for operating the valve. The separator device includes a nozzle
for spraying liquid into the housing. The nozzle is In liquid communication with the liquid flow
circuit at a second position. The first and second positions are selected such that in use the
pressure of the liquid in the liquid flow circuit at the second position is higher than at the first
position. Hence, a natural pressure difference in the liquid flow circuit can be exploited when
degassing. The liquid at the higher pressure fed to the nozzle can be sprayed into a gas head
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at the lower pressure of the liquid fed to the port of the housing. Hence, degassing efficiency
can be increased. The first position can e.g. be (just) upstream of a pump, such as a pump of
a heater device. The second position can e.g. be (just) downstream of said pump. The first
position can e.g. be at or near an exit manifold of a floor heating unit. The second position can
e.g. be at or near an entrance manifold of the floor heating unit.

[0037] Preferably, the solubility of gas in the liquid is lowest inside the housing. Thereto, the
pressure Inside the housing may be the lowest pressure In the closed liquid circuit. The
pressure Inside the housing may be subatmospheric. It I1s also possible that the degassing
pressure inside the housing Is close to atmospheric pressure. The degassing pressure can be
0.1 to 0.5 bar higher than atmospheric pressure. Nevertheless, the degassing pressure may, In
certain cases be more than 0.5 bar higher than atmospheric pressure. It will be appreciated

that the temperature of the liquid in the housing when being degassed also influences the
solubility of the gas in the liquid.

[0038] It Is also possible that the degassing pressure Is a predetermined amount lower than a
working pressure of the system, 1.e. a predetermined pressure drop Is experienced over the
nozzle. Also In this case, the degassing pressure can be higher than atmospheric pressure and
lower than the working pressure.

[0039] According to an aspect 1s provided a method for separating gas from a liquid flow
according to claim 10. The method Includes routing a liquid flow along a liquid flow path
extending through a housing of a separator device including a valve arranged for allowing gas
to escape from the housing and a float arranged for operating the valve. The method includes
spraying part of the liquid of the liquid flow into the housing for obtaining a jet and/or mist of the
liquid In the housing. The method includes removing gas from the housing via the valve.

[0040] The method includes routing a liquid flow along a liquid flow path extending through a
housing, the liquid flow path including a venturi. The method can include reducing a pressure
of the liquid using the venturi to below the vapor pressure of the liquid so as to generate gas
bubbles. The method can include collecting the gas bubbles Iin the housing. The method
Includes removing gas from the housing via a valve.

[0041] The method Include can routing a liquid through a closed liquid circuit including a
separator device Including a valve arranged for allowing gas to escape from the separator
device and pumping the liquid along the closed circuit using a pump. The method can include
measuring a pressure In the closed circuit outside the separator device, and controlling gas
separation on the basis of the measured pressure using a controller.

[0042] It will be appreciated that any of the aspects, features and options described Iin view of
the separator devices apply equally to the system and the methods. It will also be clear that
any one or more of the above aspects, features and options can be combined.

BRIEF DESCRIPTION OF THE DRAWING
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[0043] The Iinvention will further be elucidated on the basis of exemplary embodiments which
are represented In a drawing. The exemplary embodiments are given by way of non-limitative
llustration. It is noted that the figures are only schematic representations of embodiments of
the invention that are given by way of non-limiting example.

[0044] In the drawing:

Fig. 1A shows a schematic view of a separator;

Fig. 1B shows a schematic cross sectional view of a separator device;
Fig. 2A show schematic view of a separator;

Fi1g.2B show schematic cross sectional views of a separator device;
Fig. 3 shows a schematic view of a separator; and

Fig. 4 shows a schematic view of a seperator located in a floor heating system.

DETAILED DESCRIPTION

[0045] Figure 1A shows a schematic cross sectional view of a separator device 1 for
separating gas from a liquid flow. In Figure 1A the separator device 1 is included in a heating
system 2. The heating system 2 includes a heater 4, a pump 6, and radiators 8. Piping 10
connects the heater 4, pump 6, radiators 8 In a closed liquid circuit 12. The device 1 includes a
housing 14 having an inlet 16 and an outlet 18. The housing has an inner chamber 15. The
separator device 1 includes a venturi 20 in a liquid flow path 22 extending from the inlet 16 to
the outlet 18. The separator device 1 Includes a nozzle 24.In this example the nozzle Is In
communication with the piping 10 upstream of the inlet 16 via a tube 26. It will be appreciated
that the nozzle 24 may also be in communication with piping 10 downstream of the outlet 18. It
IS also possible that the nozzle i1s in communication with the liquid flow path 22, e.g. via a tube
Internal of the housing 14.

[0046] The separator device 1 includes a valve 28 for allowing gas to escape from the housing
14. Here, the valve 28 I1s an automatic valve for removing gas separated from the liquid out of
the housing 14. In this example the separator device 1 includes a float 30 connected to the
valve 28. Here the float 30 is connected to the valve 28 via a rod 27.

[0047] The separator device 1 as described up to here can be operated as follows.

[0048] In the example of Figure 1A the separator device 1 is included in the closed liquid circuit
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12. Heating liquid, e.g. water, 1s pumped through the closed circuit 12. The liquid passing
through the flow path 22 of the separator device 1 will pass through the venturi 20. This will
cause a pressure drop inside the housing 14. In this example the venturi has a first conical wall
section at the upstream parts and a second conical wall section at a downstream part. An
opening angle of the conical wall section at the downstream part here 1s approximately ten
degrees. Optionally the opening angle I1s approximately twenty degrees or less.

[0049] In this example the nozzle 24 is situated at a level higher than a liquid level 32 inside
the housing. Here the nozzle 24 is located higher than the float 30. The nozzle 24 sprays
liquid, fed through the tubing 26, into a gas head 34 inside the housing 14, e.g. as a jet or mist.
Due to the pressure reducing effect of the venturi 20 the pressure inside the gas head 34 is
lower than the liquid pressure at the inlet 18. The reduced pressure promotes degassing of the
liquid. Also, the forming of a jet or mist by the nozzle 24 increases the surface area of the liquid
being degassed which promotes degassing of the liquid. The jet or mist being sprayed into the
gas head 34 provides the advantage that the degassed gas has only limited contact area with
the liquid and does not pass through the liquid. Hence re-solution of the gas before being
expelled from the inner chamber 15 Is limited.

[0050] The degassing of the liquid will cause the gas head 34 to expand, causing the liquid
level 32 Inside the housing to drop. The liquid level 32 will drop until the float 30 has been
lowered sufficiently to open the valve 28.

[0051] Gas can be expelled from the housing of the separator device 1 when the pressure of
the gas In the gas head 34 is higher than the ambient gas pressure outside the separator
device 1. It i1s possible that the pressure Inside the gas head 34 I1s maintained at a level
between ambient pressure and the pressure of the liquid in the closed liquid circuit 12.

[0052] It 1s also possible that the pressure inside the gas head 34 i1s maintained at a level
below atmospheric pressure when degassing. Expelling of the gas from the separator device 1
can then be achieved by temporarily increasing the gas pressure of the gas head 34 to a
pressure higher than or equal to the ambient pressure. Thereto for instance the pump 6 may
be stopped so as to interrupt the pressure reducing action of the venturi 20.

[0053] At the moment gas Is allowed to escape from the housing the liquid level 32 will rise
again until the float is raised sufficiently to close the valve 28 again. It will appreciated that thus
a gas head 34 can be maintained for spraying the liquid therein.

[0054] In this example, the nozzle 24 directs at least some of the sprayed liquid against the
float 28 and/or the rod 27. Hence the float 30 is brought and kept in motion. The float may
jiggle under the influence of the sprayed liquid. By keeping the float iIn motion, a tendency of
the float to adhere to an inner wall of the housing 14 is reduced. Hence, the float 30 can more
easlily lower or rise In response to an increase or decrease of the volume of gas In the gas
head 34. Hence, the response of the valve 28 to changes in the gas volume In the gas head 34
can be faster than for a still float.
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[0055] In the example of Figure 1A the separator device 1 Is included in the main flow path of
the closed circuit 12. This provides the advantage that the venturi 20 i1s operated passively, I.e.
using the motive power of the pump 6 that i1s already Included in the heating system 2. An
additional pump for providing liquid flow through the venturi 20 is not necessary. Of course t Is
possible to provide an additional pump 38 associated with the separator device 1 upstream of
the Inlet 16 or downstream of the outlet 18.

[0056] Figure 1B shows separator device 1 not according to the claims. The Example of Figure
1B I1s similar to the example of Figure 1A. In the example of Figure 1B, however, the separator
device 1 does not include a venturi. Instead, in the example of Figure 1B the separator device
Includes a restriction 21 upstream of the inner chamber 15 of the housing 14. When liquid
flows through the flow path 22 of the separator device 1 it will pass through the restriction 21.
This will cause a pressure drop inside the inner chamber 15. Alternatively, the venturi may be
omitted, so that no venturi or restriction may be present.

[0057] Figures 2A and 2B show schematic cross sectional views of a separator device 1 for
separating gas from a liquid flow. In Figure 2A the separator device 1 Is included in a heating
system 2. The heating system 2 includes a heater 4, a pump 6, and radiators 8. Piping 10
connects the heater 4, pump 6, radiators 8 in a closed liquid circuit 12.

[0058] In the example of Figures 2A and 2B the housing 14 includes a first chamber 40 and a
second chamber 42. The first chamber 40 includes a rise pipe 44. The rise pipe has a first
open end 46. The nozzle 24 i1s positioned higher than the first open end 46. Hence, a volume
35 of gas can build up In the first chamber 40. Here the nozzle 24 is positioned higher than the
liquid level 48 associated with the volume 35 of gas in the first chamber 40. If the amount of
gas In the first chamber 40 increases, the liquid level 48 will drop. Once the liquid level drops
below the first open end 46 of the rise pipe, gas will escape through the rise pipe into the
second chamber. The second chamber 42 may include a gas head 34 and a liquid level 32 as
well. The float 30 is positioned In the second chamber 42. If the amount of gas in the second
chamber 42 increases, the liquid level 32 will drop. The liquid level 32 will drop until the float 30
has been lowered sufficiently to open the valve 28. At that moment gas is allowed to escape
from the housing and the liquid level 32 will rise again until the float i1s raised sufficiently to
close the valve 28 again.

[0059] It will be appreciated that in this example gas is freed from the liquid in the first chamber
40. The freed gas Is then transported to the second chamber 42. From the second chamber
42 the gas can be expelled to the ambient atmosphere.

[0060] In this example the valve 28 includes a check valve 29. The check valve 29 prevents
gas, e.g. air from being sucked Into the housing 14 of the separator device 1 when the
pressure In the housing 14 1s below ambient pressure outside the housing 14. The valve 28
may include a check valve 29 in series with the float operated valve. Hence, even when the
float opens the valve, the check valve 29 prevents ingress of gas, such as air, when the
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pressure Inside the separator device Is lower than ambient pressure outside the separator
device.

[0061] In the example of Figure 2A the separator device 1 is included in a parallel branch 36 of
the closed circuit 12. In this example, the separator device 1 Is provided with a pump 38. The
pump 38 may provide the flow of liquid through the flow path 22. Here the pump 38 Is placed
downstream of the venturi 20. Hence, reduced pressure Is obtained at the exit of the venturi
20. The pressure Inside the housing 14 can then be even further reduced by the action of the
venturl. Hence, efficiently a pressure reduction inside the housing can be obtained.

[0062] The pump 38 can be used for regulating flow speed through the venturi 20, and hence
for regulating the pressure inside the housing 14. The pump can e.g. be controlled manually.
The separator device 1 can include a controller 50. The controller may be arranged for
manually setting a pump speed of the pump 38. The controller may be arranged for switching
the pump 38 on or off. The controller 50 may be arranged for automatically switching the pump
on and off in a predetermined, e.g. adjustable and/or programmable, sequence.

[0063] Here the separator device 1 includes a pressure sensor 52. The pressure sensor 52 Is
arranged for measuring a pressure Inside the housing 14. The pressure sensor IS
communicatively connected to the controller 50. In this example the controller 50 Is arranged
for controlling the pump 38 on the basis of the measured pressure. The controller 50 here Is
arranged for controlling the pump 38 to maintain a predetermined pressure inside the housing
14.

[0064] Alternatively, or additionally, the separator device 1 includes a temperature sensor 53
for determining a liquid temperature inside the housing 14. The temperature sensor 53 Is
communicatively connected to the controller 50. The controller 50 can alternatively, or
additionally, be arranged for controlling the pump 38 on the basis of the measured
temperature. The controller 50 can be arranged for controlling the pump 38 to maintain a
substantially constant temperature inside the housing 14.

[0065] Alternatively, or additionally, the separator device 1 includes a liquid level sensor 54 for
determining a liquid level inside the housing 14. The liquid level sensor 54 1s communicatively
connected to the controller 50. The controller 50 can alternatively, or additionally, be arranged
for controlling the pump 38 on the basis of the measured liquid level. The controller 50 can be
arranged for controlling the pump 38 to maintain a substantially constant liquid level inside the
housing 14.

[0066] Alternatively, or additionally, the separator device 1 includes a gas bubble detector 56
for detecting gas bubbles in the housing 14. The gas bubble detector 56 Is communicatively
connected to the controller 50. The controller 50 can alternatively, or additionally, be arranged
for controlling the pump 38 on the basis of the bubble detection. The controller 50 can be
arranged for reducing the energy supplied to the pump and/or for stopping the pump when the
amount of gas bubbles detected is below a predetermined threshold.
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[0067] Alternatively, or additionally, the separator device 1 Iincludes a flow switch 58 arranged
for measuring gas flow at the valve 28. The flow switch iIs communicatively connected to the
controller 50. The controller 50 can alternatively, or additionally, be arranged for controlling the
pump 38 on the basis of the measured gas flow. The controller 50 can be arranged for
switching off the pump 38 when the measured gas flow is below a predetermined threshold.

[0068] The controller 50 can be arranged for controlling the pump 38 to adjust the pressure
Inside the gas head 34 to be at or slightly above the vapour pressure of the liquid. At such
pressure degassing of the liquid is very efficient. Thereto the controller can use the pressure
sensor 52 and/or the temperature sensor 53.

[0069] In an example, a test run can be performed in which the pump 38 Is controlled to run at
maximum power. As long as the pump has sufficient capacity, running the pump at maximum
power will cause the pressure to reduce to the vapour pressure (or close to the vapour
pressure). At maximum pump power, the pressure inside the gas head 34 can be measured.
Next, the controller 50 can be set to control the pump 38 to maintain a pressure slightly above
the minimum pressure measured during the test run. Slightly above can e.g. be 0 to 0.2 bar
above the measured minimum pressure. Alternatively, or additionally, during the test run at
maximum pump power the temperature inside the housing can be measured. As long as the
pump has sufficient capacity, running the pump at maximum power will cause the pressure to
reduce to the vapour pressure (or close to the vapour pressure). The measured temperature is
then representative of the vapour pressure (Clausius-Clapeyron relation). Hence, the controller
50 can be set to control the pump 38 to maintain a temperature slightly above the minimum
temperature measured during the test run.

[0070] It will be appreciated that the pump 38 may be controlled such that the pressure inside
the gas head 34 is maintained at a level below atmospheric pressure when degassing.
Expelling of the gas from the separator device 1 can then be achieved by stopping the pump
38, or reducing power supplied to the pump, for temporarily increasing the gas pressure of the
gas head 34 to a pressure higher than or equal to the ambient pressure.

[0071] When the gas head 34 expands, liquid can be displaced from inside the housing 14 to
Into the remainder of the closed liquid circuit 12. This can Increase the liquid pressure In the
closed liquid circuit 12, especially in smaller closed circuits. The system 1 may be provided with
a second pressure sensor 55 arranged for determining the liquid pressure In the closed circuit
12. In this example, the second pressure sensor 55 Is located downstream of the pump 38.
The second pressure sensor 55 can be alternatively be located at another location In the
closed circuit 12 not being within the separator device 1. The controller 50 can be arranged for
monitoring the circuit pressure determined by the second pressure sensor 55. If the circuit
pressure exceeds a predetermined threshold value, the controller 50 can reducing the energy
supplied to the pump 38 and/or stop the pump 38. This can aid in reducing the circuit pressure
or in preventing the circuit pressure from rising further. For example, stopping the pump 38
may result in a backflow of liquid into the housing 14, which will reduce the circuit pressure.
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Also, reducing energy supplied to the pump, or stopping the pump, can cause an increase of
pressure Inside the housing, causing expelling of gas from the gas head, which in turn may
lower the circuit pressure.

[0072] The alternating degassing and expelling may cause alternating rising and lowering of
the liquid pressure inside the closed circuit 12. The controller 50 can be arranged for damping
oscillatory behaviour of the circuit pressure.

[0073] The rate at which the liquid pressure In the closed circuit 12 rises relative to growth of
the gas head 34 Is representative of the expansion condition of the closed circuit 12. The
controller 50 can be arranged for generating an alarm when the expansion condition changes.

This can e.g. be Indicative of malfunctions in an expansion system included in the closed circuit
12.

[0074] Figure 3 shows an a schematic cross sectional view of a separator device 1 for
separating gas from a liquid flow. In Figure 3 the separator device 1 is included Iin a heating
system 2. In this example the venturi 20 is placed upstream of the housing 14. The pump 38 Is
placed downstream of the housing 14. In this example the venturi locally reduces the pressure
of the liquid to below the vapor pressure of the liquid. Gas bubbles are generated Iin the low
pressure liquid at the venturi 20. It has been found that the gas bubbles may survive without
disolving into the liquid for a little while. The distance between the venturi 20 and the housing
14 1s chosen sufficiently short for the bubbles to be transported to the housing 14. In the
housing 14 the bubbles can be accumulated and expelled as described with respect to Figures

1, 2A and 2B. Although not shown In Figure 3, the nozzle 24 may be used similarly as shown In
Figures 1, 2A and 2B.

[0075] According to an aspect I1s provided a heating and/or cooling system iIncluding a
separator device as described above. This provides the advantage that gas can efficiently be
removed from the liquid of the heating and/or cooling system. The heating and/or cooling
system can include a closed liquid circuit. In the closed liquid circuit a heating and/or cooling
liquid circulates. The system can include a heater device, a pump and one or more radiators.
In use, the heating liquid can be heated Iin the heater device and pumped to the radiator for
heating a surroundings of the radiator. The system can include a cooling device a pump and
one or more heat exchangers. In use, the cooling liquid can be cooled In the cooling device
and pumped to the heat exchanger for cooling a surroundings of the heat exchanger.

[0076] The separator device 1 can be arranged in the heating and/or cooling system such that
the inlet 16 of the housing 14 is In liguid communication with the liquid flow circuit at a first
position. The separator device 1 can be arranged In the heating and/or cooling system such
that the nozzle 24 is In liquid communication with the liquid flow circuit at a second position.
The first and second positions can be selected such that in use the pressure of the liquid in the
liquid flow circuit at the second position 1s higher than at the first position.

[0077] Figure 4 shows an example of a floor heating system 2. The floor heating system
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Includes a plurality of floor heating tubes 70. The heating tubes are connected to an entrance
manifold 72 and an exit manifold 74. Here the heating tubes 70 are connected to the entrance
manifold 72 via control valves 76. The control valves 76 can control which one(s) of the heating
tubes are opened or closed. In this example, the heating tubes 70 are connected to the exit
manifold via motor valves 78. The manifolds 72, 74 connect to a closed liquid circuit. Here a
feed line 80, coming from a heating device, and a return line 82, feeding water back to the
heating device, are shown. |In this example, a thermostat valve 84 is included in the feed line
80. Further, a pump 86 connects the entrance manifold 72 and the exit manifold 74 for
establishing a flow through the heating tubes 70.

[0078] In this example, a port 18" of the housing 14 of the separator device 1 Is connected to
the exit manifold 74. Hence the exit manifold 74 can be said to be the first position. It is noted
that in this example the separator device 1 does not include a flow path extending from an inlet
to an outlet. Hence, liquid does not flow from the exit manifold 74 through the separator device

1.

[0079] In this example the nozzle 24 Is connected to the entrance manifold 72 via a tube 88.
Alternatively, the nozzle 24 i1s connected to the feed line 80, e.g. via a tube. Here, from the
entrance manifold 72 heating liquid is fed to the nozzle 24. Hence, the entrance manifold 72
can be said to be the second position. It will be appreciated that the pressure of the heating
liquid In the entrance manifold 72 or feed line 80 will be higher than the pressure of the heating
liquid In the exit manifold 74. Hence, the liquid i1s sprayed into the air head 34 by the nozzle at
a higher pressure than the pressure of the air head which is determined by the pressure of the
exit manifold 74. As a result efficient degassing can be achieved. Also due to the pressure
difference between the inlet 16 and the nozzle 24 liquid will flow from the entrance manifold 72,
via the nozzle 24, into the housing 14 and out to the exit manifold via the port 18".

[0080] Preferably, the solubllity of gas in the liquid is lowest inside the housing 14. Thereto, the
pressure inside the housing 14 may be maintained at the lowest pressure in the closed liquid
circuit 12 and/or at the highest temperature in the closed liquid circuit 12. The pressure inside
the housing may be subatmospheric. It is also possible that the degassing pressure inside the
housing Is close to atmospheric pressure. The degassing pressure can be 0.1 to 0.5 bar higher
than atmospheric pressure. Nevertheless, the degassing pressure may, In certain cases be
more than 0.5 bar higher than atmospheric pressure. It will be appreciated that the
temperature of the liquid in the housing when being degassed also influences the solubility of
the gas In the liquid. It will be appreciated that the controller 50 may be set to maintain the
pressure inside the housing at a predetermined setpoint. The controller may also be arranged
to maintain the pressure inside the housing within a predetermined range. The controller may
e.g. activate the pump to bring the pressure to a lower limit of such range, deactivate the pump
when the lower limit iIs reached, monitor the pressure inside the housing until the pressure
reaches an upper Imit of the range and reactivate the pump to bring the pressure In the
housing to the lower limit again. This process may be performed cyclically.

[0081] It Is also possible that the degassing pressure Is a predetermined amount lower than a
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working pressure of the system, 1.e. a predetermined pressure drop Is experienced over the
nozzle. Thereto a second pressure sensor 60 may be provided, communicatively connected to
the controller 50. Also In this case, the degassing pressure can be higher than atmospheric
pressure and lower than the working pressure.

[0082] Herein, the invention Is described with reference to specific examples of embodiments
of the Invention. It will, however, be evident that various modifications and changes may be
made therein, without departing from the the invention as defined in the claims.

[0083] In the examples the separator device Is part of a heating system. It will be appreciated
that the separator device can also be part of a cooling system. The cooling system can include
a cooling device a pump and a heat exchanger.

[0084] In the example of Figure 2A the separator device includes a pump and a controller. It
will be appreciated that the separator device of Figure 1 may also be provided with a pump
and a controller. Similarly, the separator device of Figure 1 may also Include a pressure
sensor, a liquid level sensor, a gas bubble sensor, a flow switch, and/or a second pressure
Sensor.

[0085] The separator device of Figures 1 and 4 is placed In series in the main liquid flow of the
closed circuit 12. It will be appreciated that the separator device of Figure 1 may also be
placed In a parallel branch of the closed circuit. The separator device of Figures 2A and 3 Is
placed In In a parallel branch of the closed circuit 12. It will be appreciated that the separator
device of Figure 2A may also be placed In series Iin the main flow of the closed circuit.

[0086] In the examples the nozzle sprays a jet or mist of liquid Into a gas head. It is also
possible that the nozzle shoots a jet of liquid into a body of liquid contained Iin the housing. The
housing may Include bodies to promote bubble growth. Such bodies may include spheres,
wires or the like. Such body may e.g. include a spiraling wire. Such body may e.g. include a so-
called spirotube. The spirotube comprises a core tube, surrounded by a coil of wire. The
construction of such spirotube Is generally as described in patent documents GB 1,579,516,
US 4655282, US 3,854,906, US 4,027,691 or US 4,381,928 and reference can be had to
these documents for further detalils.

[0087] In the examples the venturi is positioned inside the housing 14. It will be appreciated
that the venturi can also be positioned outside the housing. Then the reduced pressure section
of the venturi can be In fluild communication with the housing e.g. via a pipe or tubing.

[0088] It will be appreciated that the check valve can also be used in the examples of Figures
1, 3 and 4.

[0089] It will be appreciated that in the example of Figure 3 the nozzle is not strictly necessary
when the venturi Is arranged to generate gas bubbles, e.g. by locally reducing the pressure of
the liquid to below the vapor pressure of the liquid. It will be clear that the same applies to the
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examples of Figures 1, 2A and 2B.

[0090] In the example of Figure 4 the separator device does not include a flow path extending
from the Inlet to an outlet. Hence, there iIs no liquid flow path, beside a flow of liquid from the
nozzle to the inlet. It will be appreciated that, alternatively, the separator device may include
the Inlet and the outlet. The inlet can e.g. be connected to the exit manifold. The outlet can e.g.
be connected to the return line. Hence, liquid can be made to flow through the housing from
the inlet to the outlet.

[0091] In the examples the tubing 26 1s shown as being located outside the housing. It will be
appreciated that the tubing can also be provided within the housing.

[0092] In the claims, any reference signs placed between parentheses shall not be construed
as limiting the claim. The word 'comprising’ does not exclude the presence of other features or
steps than those listed in a claim. Furthermore, the words 'a’ and 'an’ shall not be construed as
limited to 'only one’, but instead are used to mean 'at least one’, and do not exclude a plurality.
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PATENTKRAYV
1. Separatoranordning (1) til separering at gas fra en vaskestrgm indbefattende:

et hus (14) med et indlgb (16) og et udlgb (18) til at forbinde med vaskestrgmmen, en
strgmningsbane (22), der strekker sig fra indlgbet til udlgbet for at ggre det muligt for vaeske at
strgmme gennem huset;

en ventil (28), der er indrettet til at lade gas forlade huset;

en flyder (30), der er indrettet til at drive ventilen; og

en dyse (24) 1 forbindelse med vaskestrgmmen til sprgjtning af en del af vaesken fra
vaeskestrgmmen 1nd 1 huset:

kendetegnet ved en ventur1 (20) 1 vaeskestrgmningsbanen til reduktion af et tryk inde 1

huset.

2. Separatoranordning ifglge krav 1, hvor venturien indbefatter en tgrste konisk vaegsektion

ved en opstrgmsdel og en anden konisk vaegsektion ved en nedstrgmsdel, hvor en abningsvinkel

for den anden koniske vagsektion er tyve grader eller mindre.

3. Separatoranordning ifglge krav 2, hvor venturien er placeret inde 1 huset, og hvor

venturien star 1 forbindelse med et indre kammer af huset mellem opstrgms- og nedstrgmsdelene.

4. Separatoranordning (1) ifglge et hvilket som helst af krav 1-3, hvor venturien (20) er

indrettet til at senke vaskens tryk til eller lidt over vaeskens damptryk.

S. Separatoranordning (1) ifglge et hvilket som helst af krav 1-4, hvor dysen (24) er placeret
hgjere end flyderen (30).

6. Separatoranordning (1) ifglge krav 1-5, hvor dysen (24) er indrettet til at sprgjte mindst

en del af vaesken, saledes at den sprgjtede vaeske bevirker, at flyderen (30) bevager sig.

7. Separatoranordning (1) i1fglge et hvilket som helst af kravene 1-6, der endvidere
indbefatter en pumpe (38), fortrinsvis pa nedstrgmssiden af venturien (20), til pumpning af
vaesken langs vaskestrgmningsbanen (22), eventuelt indbefattende en trykfgler (52) til maling
af et tryk inde 1 huset og en styreenhed (50), der er indrettet til at styre pumpen pa basis af det

malte tryk, hvor eventuelt styreenheden er indrettet til at styre pumpen til at opretholde et
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forudbestemt tryk inde 1 huset, eller hvor eventuelt styreenheden er indrettet til at styre pumpen

til at vere skiftevis under og over, eller ved, det omgivende tryk.

3. Separatoranordning (1) ifglge krav 7, der indbefatter en vaskeniveaufgler (54) tl
bestemmelse af et veskeniveau inde 1 huset og en styreenhed (50), der er indrettet til at styre
pumpen (38) pa basis af det malte vaskeniveau, hvor eventuelt styreenheden er indrettet til at

styre pumpen til at opretholde et 1 alt vaesentligt konstant vaeskeniveau inde 1 huset.

9. Varme- og/eller kglesystem (2), der indbefatter en separatoranordning (1) ifglge et
hvilket som helst af kravene 1-6.

10. Fremgangsmade til separering af gas fra en vaskestrgm, hvilken fremgangsmade
indbefatter:

fgring at en vaskestrgm gennem en strgmningsbane (22), der strekker sig fra et indlgb
(16) til et udlgb (18) fra et hus (14) t1l en separatoranordning (1) indbefattende en ventil (30),
der er indrettet til at tillade, at gas forlader huset, og en flyder (28), der er indrettet til at drive
ventilen;

sprgjtning af en del af vaesken fra vaeskestrgommen ind 1 huset for at opna en strale og/eller
tage af vasken 1 huset; og

fjernelse af gas fra huset via ventilen;

kendetegnet ved reduktion af tryk inde 1 huset ved hjelp af en ventur1 (20) 1

vaskestrgmningsbanen.

11.  Fremgangsmade ifglge krav 10, hvor sprgjtningen indbefatter sprgjtning af vaesken ved
en position hgjere end flyderen (28).

12.  Fremgangsmade ifglge krav 10 eller 11, hvor sprgjtningen indbefatter sprgjtning af

mindst en del af vaesken, saledes at den sprgjtede vasker bevirker, at flyderen bevager sig.

13. Fremgangsmade ifglge et hvilket som helst af kravene 10-12, der endvidere indbefatter
pumpning af vasken langs vaskestrgmningsbanen ved hjelp at en pumpe (38), eventuelt
indbefattende maling af et tryk inde 1 huset og styring af pumpen pa basis af det malte tryk ved
hjelp af en styreenhed (50), eventuelt indbefattende maling af et tryk inde 1 et lukket kredslgb
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forbundet med huset og styring af pumpen pa basis af det malte tryk ved hjalp af en styreenhed,

eventuelt indbefattende styring af pumpen til at opretholde et forudbestemt tryk inde 1 huset.

14.  Fremgangsmade ifglge krav 13, der indbefatter udfgrelse af en testkgrsel omfattende
fplgende trin:

- styring af pumpen til at kgre ved maksimal ydelse og

- bestemmelse, ved maksimal pumpydelse, af trykket inde 1 huset;

hvor fremgangsmaden indbefatter styring af pumpen til at opretholde et tryk ved eller lidt

over det minimale tryk malt under testkgrslen.
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Fig. 4
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