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(57) Abstract: A method for controlling a vapour compression sys-

) tem (1) is disclosed. Malfunctioning of a gas bypass valve (8) is
/ registered. An actual opening degree of the gas bypass valve (8)
is derived, and a target opening degree of the gas bypass valve (8)

is derived, based on one or more control parameters of the vapour

19 compression system (1). The actual opening degree is compared to
(&“ the target opening degree, and the vapour compression system (1)
el ) is controlled based on the comparison, and in order to match a mass

flow of gaseous refrigerant through the gas bypass valve (8) to the
actual opening degree of the gas bypass valve (8).
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A METHOD FOR CONTROLLING A VAPOUR COMPRESSION SYSTEM DURING GAS BYPASS
VALVE MALFUNCTION

FIELD OF THE INVENTION

The present invention relates to a method for controlling a vapour compression system, such
as a refrigeration system, a heat pump or an air condition system, in which the vapour
compression system is allowed to keep operating if a gas bypass valve, interconnecting a

gaseous outlet of a receiver and an inlet of a compressor, is malfunctioning.

BACKGROUND OF THE INVENTION

Vapour compression systems, such as refrigeration systems, heat pumps or air condition
systems, are normally controlled in order to provide a required cooling or heating capacity in
an as energy efficient manner as possible. Some vapour compression systems are provided
with a receiver arranged in the refrigerant path downstream relative to an outlet of a heat
rejecting heat exchanger and upstream relative to an expansion device arranged to supply
refrigerant to an evaporator. In the receiver, refrigerant is separated into liquid refrigerant
and gaseous refrigerant. The liquid part of the refrigerant is supplied to the expansion device,
via a liquid outlet of the receiver. At least some of the gaseous part of the refrigerant may be
supplied directly to an inlet of a compressor, via a gaseous outlet of the receiver and a gas
bypass valve. The mass flow of gaseous refrigerant from the gaseous outlet of the receiver
towards the inlet of the compressor can be controlled by controlling an opening degree of the

gas bypass valve.

In the case that the gas bypass valve malfunctions, it may be stuck in a certain position
defining a certain opening degree of the valve. In this case it is no longer possible to control
the mass flow of gaseous refrigerant from the gaseous outlet of the receiver towards the inlet
of the compressor. During normal operation of a vapour compression system, the opening
degree of the gas bypass valve may vary to a great extent, in order to meet system
requirements, adapt to ambient conditions, and allow the vapour compression system to
provide a required cooling or heating capacity. Therefore, the opening degree defined by the
malfunctioning gas bypass valve will most likely hot match a desired opening degree most of
the time. This may lead to situations in which the vapour compression system becomes
unstable or is not capable of providing a required cooling or heating capacity, if the vapour
compression system continues operating without controlling the opening degree of the gas
bypass valve. Accordingly, it may be necessary to shut down the vapour compression system
and to request immediate service on the system. This is very undesirable and may be very

costly.
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DESCRIPTION OF THE INVENTION

It is an object of embodiments of the invention to provide a method for controlling a vapour
compression system, in which the vapour compression system is allowed to continue

operating in the case of gas bypass valve malfunction.

It is a further object of embodiments of the invention to provide a method for controlling a
vapour compression system, in which the number of shut down events are reduced as

compared to prior art methods.

The invention provides a method for controlling a vapour compression system, the vapour
compression system comprising at least one compressor, a heat rejecting heat exchanger, a
high pressure expansion device, a receiver, an evaporator expansion device, an evaporator

and a gas bypass valve, arranged in a refrigerant path, the method comprising the steps of:

registering that the gas bypass valve is malfunctioning,

— deriving an actual opening degree of the gas bypass valve,

— deriving a target opening degree of the gas bypass valve, based on one or more

control parameters of the vapour compression system,

— comparing the actual opening degree of the gas bypass valve to the target opening

degree of the gas bypass valve, and

— controlling the vapour compression system based on the comparison, and in order to
match a mass flow of gaseous refrigerant through the gas bypass valve to the actual

opening degree of the gas bypass valve.

The method according to the invention is a method for controlling a vapour compression
system. In the present context the term ‘vapour compression system’ should be interpreted
to mean any system in which a flow of fluid medium, such as refrigerant, circulates and is
alternatingly compressed and expanded, thereby providing either refrigeration or heating of a
volume. Thus, the vapour compression system could, e.g., be a refrigeration system, an air

condition system or a heat pump.

The vapour compression system comprises at least one compressor, a heat rejecting heat
exchanger, a high pressure expansion device, a receiver, an evaporator expansion device, an

evaporator and a gas bypass valve, arranged in a refrigerant path. Refrigerant flowing in the
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refrigerant path is compressed by the compressor(s) before being supplied to the heat
rejecting heat exchanger. In the heat rejecting heat exchanger, heat exchange takes place
between the refrigerant and the ambient or a secondary fluid flow across the heat rejecting
heat exchanger, in such a manner that heat is rejected from the refrigerant flowing through
the heat rejecting heat exchanger. The heat rejecting heat exchanger may be in the form of a
condenser, in which case at least part of the refrigerant passing through the heat rejecting
heat exchanger is condensed, and the refrigerant leaving the heat rejecting heat exchanger
is, in this case, at least partly in a liquid state. As an alternative, the heat rejecting heat
exchanger may be in the form of a gas cooler, in which case the refrigerant passing through

the heat rejecting heat exchanger is cooled, but remains in a gaseous state.

The refrigerant leaving the heat rejecting heat exchanger passes through the high pressure
expansion device before being supplied to the receiver. In the high pressure expansion
device, the refrigerant undergoes expansion, and the refrigerant received in the receiver is
therefore a mixture of liquid and gaseous refrigerant. The high pressure expansion device
may, e.g., be in the form of a high pressure valve. As an alternative, the high pressure
expansion device may be in the form of an ejector. As another alternative, the high pressure
expansion device may include at least one high pressure valve and at least one ejector

arranged in parallel.

In the receiver the refrigerant is separated into a liquid part and a gaseous part. The liquid
part of the refrigerant is supplied to the evaporator expansion device, via a liquid outlet of
the receiver. The evaporator expansion device controls a supply of refrigerant to the
evaporator, and the refrigerant undergoes expansion when passing through the evaporator
expansion device. Accordingly, the refrigerant being supplied to the evaporator is a mixture
of liquid and gaseous refrigerant. The evaporator expansion device may, e.g., be in the form

of an expansion valve.

In the evaporator the liquid part of the refrigerant is evaporated, while heat exchange takes
place between the refrigerant and the ambient or a secondary fluid flow across the
evaporator, in such a manner that heat is absorbed by the refrigerant passing through the

evaporator. Finally, the refrigerant is supplied to an inlet of the compressor(s).

At least part of the gaseous part of the refrigerant in the receiver may be supplied directly to
the inlet of the compressor(s), via a gaseous outlet of the receiver and the gas bypass valve.
Accordingly, the gas bypass valve controls the supply of gaseous refrigerant from the

receiver to the compressor(s).
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According to the method of the invention, it is initially registered that the gas bypass valve is
malfunctioning. As described above, when the gas bypass valve malfunctions, it is no longer

possible to control the supply of gaseous refrigerant from the receiver to the compressor(s).

Next, an actual opening degree of the gas bypass valve is derived. The actual opening degree
may, e.g., be an opening degree at which the gas bypass valve is stuck. The actual opening
degree of the gas bypass valve may be retrieved from a controller used for controlling the
gas bypass valve. However, when the gas bypass valve is malfunctioning, the opening degree
which is registered by the controller may differ from the actual opening degree, e.g. because
the gas bypass valve is stuck, and has therefore not adjusted the opening degree to a
position specified by the controller. Accordingly, it will often be necessary to derive the actual

opening degree in another manner. This will be described in further detail below.

Furthermore, a target opening degree of the gas bypass valve is derived, based on one or
more control parameters of the vapour compression system. Thus, the target opening degree
of the gas bypass valve is an opening degree which provides an optimal mass flow of gaseous
refrigerant from the gaseous outlet of the receiver towards the inlet of the compressor(s),
under the prevailing operating conditions. Accordingly, if the gas bypass valve had not been
malfunctioning, the opening degree of the gas bypass valve would have been set to the

target opening degree.

Next, the actual opening degree of the gas bypass valve is compared to the target opening
degree of the gas bypass valve. Thereby it is revealed how much the actual opening degree

of the gas bypass valve is off relative to the target opening degree.

Finally, the vapour compression system is controlled based on the comparison, and in order
to match a mass flow of gaseous refrigerant through the gas bypass valve to the actual

opening degree of the gas bypass valve.

Thus, under normal operation of the vapour compression system, where the gas bypass valve
is fully operational, the opening degree of the gas bypass valve is controlled in order to
provide a mass flow of gaseous refrigerant from the gaseous outlet of the receiver towards
the inlet of the compressor(s) which matches the given operating conditions. However, when
the gas bypass valve is malfunctioning, the vapour compression system is instead operated

in such a manner that the operating conditions are adjusted to match the actual opening
degree of the gas bypass valve, in the sense that the mass flow of gaseous refrigerant
through the gas bypass valve is adjusted to match the actual opening degree of the gas
bypass valve. Thereby the disadvantages related to a mismatch between operating conditions
and a gas bypass valve being stuck at a fixed opening degree are avoided, and operation of

the vapour compression system can be continued, at least for a limited period of time, until
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service personnel arrives to repair or replace the malfunctioning gas bypass valve. Thereby
shut down of the vapour compression system and possible damage to goods stored in display

cases of the vapour compression system is avoided.

The step of controlling the vapour compression system based on the comparison may

comprise the steps of:

— in the case that the comparison reveals that the actual opening degree of the gas
bypass valve is larger than the target opening degree of the gas bypass valve,
controlling the vapour compression system to increase the mass flow of gaseous

refrigerant through the gas bypass valve, and

— in the case that the comparison reveals that the actual opening degree of the gas
bypass valve is smaller than the target opening degree of the gas bypass valve,
controlling the vapour compression system to decrease the mass flow of gaseous

refrigerant through the gas bypass valve.

According to this embodiment, in the case that it is revealed that the actual opening degree
of the gas bypass valve is larger than the target opening degree of the gas bypass valve,
then the gas bypass valve has more capacity than requested by the current operating
conditions. Accordingly, in this case it is desirable to adjust the operating conditions in such a
manner that the mass flow of gaseous refrigerant through the gas bypass valve is increased.
Thereby the actual flow of gaseous refrigerant through the gas bypass valve is adjusted to

match the higher capacity defined by the actual opening degree of the gas bypass valve.

Similarly, in the case that it is revealed that the actual opening degree of the gas bypass
valve is smaller than the target opening degree of the gas bypass valve, then the gas bypass
valve has less capacity than requested by the current operating conditions. Accordingly, in
this case it is desirable to adjust the operating conditions in such a manner that the mass
flow of gaseous refrigerant through the gas bypass valve is decreased. Thereby the actual
flow of gaseous refrigerant through the gas bypass valve is adjusted to match the lower

capacity defined by the actual opening degree of the gas bypass valve.

The step of increasing the mass flow of gaseous refrigerant through the gas bypass valve
may comprise decreasing a pressure of refrigerant leaving the heat rejecting heat exchanger

and/or increasing a temperature of refrigerant leaving the heat rejecting heat exchanger.
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When a pressure of refrigerant leaving the heat rejecting heat exchanger is decreased, the
gas to liquid ratio of refrigerant in the receiver is increased. Thereby the mass flow of

gaseous refrigerant through the gas bypass valve is increased.

The pressure of refrigerant leaving the heat rejecting heat exchanger could, e.g., be

decreased by increasing an opening degree of the high pressure expansion device.

When a temperature of refrigerant leaving the heat rejecting heat exchanger is increased,
the gas to liquid ratio of refrigerant in the receiver is increased. Thereby the mass flow of

gaseous refrigerant through the gas bypass valve is increased.

The temperature of refrigerant leaving the heat rejecting heat exchanger could, e.g., be
decreased by increasing a fan speed of a fan controlling a secondary fluid flow across the

heat rejecting heat exchanger.

Similarly, the step of decreasing the mass flow of gaseous refrigerant through the gas bypass

valve may comprise increasing a pressure of refrigerant leaving the heat rejecting heat
exchanger and/or decreasing a temperature of refrigerant leaving the heat rejecting heat

exchanger.

When a pressure of refrigerant leaving the heat rejecting heat exchanger is increased, the
gas to liquid ratio of refrigerant in the receiver is decreased. Thereby the mass flow of

gaseous refrigerant through the gas bypass valve is decreased.

The pressure of refrigerant leaving the heat rejecting heat exchanger could, e.g., be

increased by decreasing an opening degree of the high pressure expansion device.

When a temperature of refrigerant leaving the heat rejecting heat exchanger is decreased,
the gas to liquid ratio of refrigerant in the receiver is decreased. Thereby the mass flow of

gaseous refrigerant through the gas bypass valve is decreased.

The temperature of refrigerant leaving the heat rejecting heat exchanger could, e.g., be
increased by decreasing a fan speed of a fan controlling a secondary fluid flow across the

heat rejecting heat exchanger.

The step of controlling the vapour compression system based on the comparison step may

comprise adjusting an opening degree of the high pressure expansion device, adjusting a

secondary fluid flow across the heat rejecting heat exchanger and/or adjusting a compressor

capacity of the compressor(s).
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As described above, adjusting an opening degree of the high pressure expansion device will
result in a change in the mass flow of gaseous refrigerant through the gas bypass valve,
since an increase in the opening degree of the high pressure expansion device results in a
decrease in the pressure of refrigerant leaving the heat rejecting heat exchanger, and a
decrease in the opening degree of the high pressure expansion device results in an increase

in the pressure of refrigerant leaving the heat rejecting heat exchanger.

Furthermore, as described above, adjusting a secondary fluid flow across the heat rejecting
heat exchanger, e.g. by adjusting a fan speed of a fan controlling the secondary fluid flow,
will result in a change in the mass flow of refrigerant through the gas bypass valve. More
particularly, an increase in the secondary fluid flow across the heat rejecting heat exchanger
results in a decrease in the temperature of refrigerant leaving the heat rejecting heat
exchanger, and a decrease in the secondary fluid flow across the heat rejecting heat
exchanger results in an increase in the temperature of refrigerant leaving the heat rejecting

heat exchanger.

Finally, adjusting a compressor capacity of the compressor(s) results in a change in the
pressure in the suction line, and thereby in a change in the pressure difference across the
gas bypass valve. Thus, increasing the compressor capacity results in a decrease in the
pressure in the suction line, and thereby in an increase in the pressure difference across the
gas bypass valve. This will, in turn, result in an increase in the mass flow of gaseous
refrigerant through the gas bypass valve. Similarly, decreasing the compressor capacity
results in an increase in the pressure in the suction line, and thereby in a decrease in the
pressure difference across the gas bypass valve. This will, in turn, result in a decrease in the

mass flow of gaseous refrigerant through the gas bypass valve.

The vapour compression system may be of a kind which comprises one or more main
compressors and one or more receiver compressors. In this case the main compressor(s)
is/are connected to the outlet of the evaporator as well to the gaseous outlet of the receiver,
via the gas bypass valve, and the receiver compressor(s) is/are connected directly to the
gaseous outlet of the receiver. In this case adjusting the compressor capacity could include
adjusting the compressor capacity of the receiver compressor(s). Increasing the compressor
capacity of the receiver compressor(s) results in an increased mass flow of gaseous
refrigerant from the receiver to the receiver compressor(s). Thereby the pressure prevailing
inside the receiver is decreased, thereby decreasing the pressure difference across the gas
bypass valve, and decreasing the mass flow of gaseous refrigerant through the gas bypass
valve. Similarly, decreasing the compressor capacity of the receiver compressor(s) results in
a decreased mass flow of gaseous refrigerant from the receiver to the receiver

compressor(s). Thereby the pressure prevailing inside the receiver is increased, thereby
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increasing the pressure difference across the gas bypass valve, and increasing the mass flow

of gaseous refrigerant through the gas bypass valve.

The step of deriving an actual opening degree of the gas bypass valve may comprise the

steps of:

— obtaining one or more refrigerant pressure values and one or more refrigerant

temperature values at selected positions along the refrigerant path,

— estimating a mass flow of gaseous refrigerant through the gas bypass valve, based on

the obtained refrigerant pressure value(s) and refrigerant temperature value(s), and

— deriving the actual opening degree of the gas bypass valve based on the estimated

mass flow of gaseous refrigerant through the gas bypass valve.

According to this embodiment, the mass flow of gaseous refrigerant through the gas bypass
valve is estimated from measurements of prevailing refrigerant pressures and/or refrigerant
temperatures at selected positions along the refrigerant path. For instance, based on the
pressure prevailing in the receiver and the pressure prevailing in the suction line, a pressure
difference across the gas bypass valve can be derived. The mass flow of gaseous refrigerant
through the gas bypass valve can be derived from this pressure difference. However, other
refrigerant pressure values and/or refrigerant temperature values could be used for
estimating the mass flow of refrigerant in relevant parts of the vapour compression system,
and this can be used for estimating the mass flow of gaseous refrigerant through the gas

bypass valve.

Once the estimated mass flow of gaseous refrigerant through the gas bypass valve has been
obtained in this manner, the actual opening degree of the gas bypass valve, which results in
this mass flow, can be derived. This could, e.g., be done using a model providing

correspondence between opening degree of the gas bypass valve and mass flow of gaseous
refrigerant through the gas bypass valve. The model could, e.g., be obtained in an empirical

manner during normal operation of the vapour compression system.

The step of deriving an actual opening degree of the gas bypass valve may be performed
based on valve characteristics of the gas bypass valve obtained during normal operation of

the gas bypass valve. This may, e.g., be performed in the manner described above.

The step of deriving a target opening degree of the gas bypass valve may be based on at

least an obtained value of a pressure prevailing inside the receiver. The gas bypass valve is
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often controlled based on the pressure prevailing in the receiver, and in order to obtain an
appropriate pressure level inside the receiver. For instance, in the case that the pressure
prevailing inside the receiver is too high, the opening degree of the gas bypass valve may be
increased in order to increase the mass flow of gaseous refrigerant from the receiver towards
the compressors, thereby reducing the pressure prevailing inside the receiver. Similarly, in
the case that the pressure prevailing inside the receiver is too low, the opening degree of the
gas bypass valve may be decreased in order to decrease the mass flow of gaseous refrigerant
from the receiver towards the compressors, thereby increasing the pressure prevailing inside
the receiver. Accordingly, the pressure prevailing inside the receiver provides a suitable
indication regarding a target opening degree for the gas bypass valve, which would match

the prevailing operating conditions.

The step of controlling the vapour compression system may be performed in such a manner
that a compressor capacity of the compressor(s) is not allowed to decrease below a minimum
compressor capacity level. According to this embodiment, it is always ensured that at least
ohe compressor is operated at least at a minimum compressor speed. In the case that the
compressor capacity of the compressor(s) decreases below a certain minimum level, there is
a risk that the vapour compression system is brought into a state where it is not possible to
provide the required cooling or heating capacity, and the vapour compression system may
stop operating. It may be necessary to manually restart the vapour compression system in
this case. By ensuring that the compressor capacity of the compressor(s) is not allowed to

decrease below the minimum compressor capacity level, such a situation is avoided.
Alternatively or additionally, the method may further comprise the step of forcing the
compressor(s) to start at predefined time intervals. This will also ensure that the situation
described above is avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further detail with reference to the accompanying

drawings in which

Fig. 1 is a diagrammatic view of a vapour compression system being controlled using a

method according to a first embodiment of the invention,

Fig. 2 is a diagrammatic view of a vapour compression system being controlled using a

method according to a second embodiment of the invention,
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Fig. 3 is a diagrammatic view of a vapour compression system being controlled using a

method according to a third embodiment of the invention,

Fig. 4 is a logP-h diagram illustrating a method according to an embodiment of the invention,

and

Fig. 5 is a logP-h diagram illustrating a method according to an alternative embodiment of

the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of a vapour compression system 1 being controlled using a
method according to a first embodiment of the invention. The vapour compression system 1
comprises a compressor unit comprising a number of compressors 2, two of which are
shown, a heat rejecting heat exchanger 3, a high pressure expansion device 4, a receiver 5,
an evaporator expansion device 6, in the form of an expansion valve, an evaporator 7, a gas

bypass valve 8 and a suction line receiver 9 arranged in a refrigerant path.

Refrigerant flowing in the refrigerant path is compressed by the compressors 2 before being
supplied to the heat rejecting heat exchanger 3. In the heat rejecting heat exchanger 3, heat
exchange takes place with a secondary fluid flow across the heat rejecting heat exchanger 3
in such a manner that heat is rejected from the refrigerant. In the case that the heat
rejecting heat exchanger 3 is in the form of a condenser, the refrigerant passing through the
heat rejecting heat exchanger 3 is at least partly condensed. |n the case that the heat
rejecting heat exchanger 3 is in the form of a gas cooler, the refrigerant passing through the

heat rejecting heat exchanger 3 is cooled, but it remains in a gaseous state.

The refrigerant leaving the heat rejecting heat exchanger 3 is passed through the high
pressure expansion device 4 before being supplied to the receiver 5. The high pressure
expansion device 4 may, e.g., be in the form of a high pressure valve, in the form of an
ejector, or in the form of a high pressure valve and an ejector arranged in parallel. In any
event, refrigerant passing through the high pressure expansion device 4 undergoes

expansion.

In the receiver 5, the refrigerant is separated into a liquid part and a gaseous part. The liquid
part of the refrigerant is supplied to the evaporator expansion device 6, where it undergoes
expansion before being supplied to the evaporator 7. In the evaporator 7, heat exchange
takes place with a secondary fluid flow across the evaporator 7 in such a manner that heat is

absorbed by the refrigerant, while the refrigerant is at least partly evaporated. The
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refrigerant leaving the evaporator 7 is supplied to the suction line receiver 9, where it is
separated into a liquid part and a gaseous part. The gaseous part of the refrigerant is

supplied to the compressors 2.

At least part of the gaseous part of the refrigerant in the receiver 5 is supplied to the suction
line receiver 9, via the gas bypass valve 8. Thus, the refrigerant leaving the evaporator 7 is
mixed with gaseous refrigerant supplied from the receiver 5 in the suction line receiver 9.
The mass flow of gaseous refrigerant from the receiver 5 towards the suction line receiver 9,
and thereby towards the compressors 2, is, under normal operating conditions, controlled by

controlling an opening degree of the gas bypass valve 8.

The vapour compression system 1 is further provided with a number of sensors arranged at
selected positions along the refrigerant path. A pressure sensor 10 is arranged near the
outlet of the heat rejecting heat exchanger 3 for measuring the pressure of refrigerant
leaving the heat rejecting heat exchanger 3. A temperature sensor 11 is arranged near the
outlet of the heat rejecting heat exchanger 3 for measuring the temperature of refrigerant
leaving the heat rejecting heat exchanger 3. A pressure sensor 12 is arranged in the receiver
5 for measuring the pressure prevailing inside the receiver 5. A pressure sensor 13 is
arranged near the inlet of the compressors 2 for measuring the refrigerant pressure in the
suction line. A temperature sensor 14 is arranged near the inlet of the compressors 2 for

measuring the refrigerant temperature in the suction line.

The vapour compression system 1 is controlled on the basis of measurements performed by
at least some of the sensors 10, 11, 12, 13, 14. For instance, the high pressure expansion
device 4 may be controlled on the basis of measurements performed by pressure sensor 10
and/or measurements performed by pressure sensor 12. The evaporator expansion device 6
may be controlled on the basis of measurements performed by pressure sensor 13 and
measurements performed by temperature sensor 14. The gas bypass valve 8 may be
controlled on the basis of measurements performed by pressure sensor 12 and/or

measurements performed by pressure sensor 13.

In the case that the gas bypass valve 8 malfunctions, it is no longer possible to control the
supply of gaseous refrigerant from the receiver 5 towards the suction line receiver 9, and
thereby towards the compressors 2, via the gas bypass valve 8. According to the method of
the invention, continued operation of the vapour compression system 1 is allowed in the

following manner.

Initially, an actual opening degree of the gas bypass valve 8 is derived. This could, e.g.,
include estimating a mass flow of gaseous refrigerant through the gas bypass valve, based

onh measurements performed by means of one or more of the sensors 10, 11, 12, 13, 14, and
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subsequently deriving the actual opening degree of the gas bypass valve 8, based on the

estimated mass flow.

Furthermore, a target opening degree of the gas bypass valve 8 is derived, based on one or
more control parameters of the vapour compression system 1. Thus, the target opening
degree of the gas bypass valve 8 represents an opening degree which matches the current

operating conditions, and which would be selected if the gas bypass valve 8 was operating

properly.

Next, the actual opening degree of the gas bypass valve 8 is compared to the target opening
degree of the gas bypass valve 8. Finally, the vapour compression system 1 is controlled,
based on the comparison, and in order to match a flow of gaseous refrigerant through the
gas bypass valve 8 to the actual opening degree of the gas bypass valve 8. Thus, since the
opening degree of the gas bypass valve 8 can not be controlled to provide a mass flow of
refrigerant through the gas bypass valve 8 which matches the current operating conditions,
the operating conditions are instead adjusted to provide a mass flow of refrigerant through

the gas bypass valve 8 which matches the actual opening degree of the gas bypass valve 8.

In particular, in the case that the comparison reveals that the actual opening degree of the
gas bypass valve 8 is larger than the target opening degree of the gas bypass valve 8, the
vapour compression system 1 is controlled to increase the mass flow of refrigerant through
the gas bypass valve 8. This can, e.g., be obtained by decreasing the pressure of refrigerant
leaving the heat rejecting heat exchanger 3 and/or by increasing the temperature of

refrigerant leaving the heat rejecting heat exchanger 3.

Similarly, in the case that the comparison reveals that the actual opening degree of the gas
bypass valve 8 is smaller than the target opening degree of the gas bypass valve 8, the
vapour compression system 1 is controlled to decrease the mass flow of refrigerant through
the gas bypass valve 8. This can, e.g., be obtained by increasing the pressure of refrigerant
leaving the heat rejecting heat exchanger 3 and/or by decreasing the temperature of

refrigerant leaving the heat rejecting heat exchanger 3.

The pressure of refrigerant leaving the heat rejecting heat exchanger 3 can, e.g., be adjusted
by adjusting an opening degree of the high pressure expansion device 4 and/or by adjusting
a compressor capacity of the compressors 2. The temperature of refrigerant leaving the heat
rejecting heat exchanger 3 can, e.g., be adjusted by adjusting a fan speed of a fan driving a

secondary fluid flow across the heat rejecting heat exchanger 3.

Fig. 2 is a diagrammatic view of a vapour compression system 1 being controlled using a

method according to a second embodiment of the invention. The vapour compression system
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1 is very similar to the vapour compression system 1 of Fig. 1, and it will therefore not be

described in detail here.

In the vapour compression system 1 of Fig. 2, the high pressure expansion device is in the
form of a high pressure valve 15. Furthermore, the vapour compression system 1 comprises
a receiver compressor 16. Gaseous refrigerant is supplied directly from the receiver 5 to the
receiver compressor 16. Accordingly, this gaseous refrigerant is not subjected to the pressure
drop which is introduced when the refrigerant passes through the gas bypass valve 8 and is
mixed with the refrigerant leaving the evaporator 9. This reduces the energy required in

order to compress the refrigerant.

In the case that the gas bypass valve 8 malfunctions, continued operation of the vapour
compression system 1 can be ensured essentially in the manner described above with

reference to Fig. 1.

Fig. 3 is a diagrammatic view of a vapour compression system 1 being controlled using a
method according to a third embodiment of the invention. The vapour compression system 1
of Fig. 3 is very similar to the vapour compression system 1 of Fig. 2, and it will therefore not

be described in detail here.

In the vapour compression system 1 of Fig. 3, the high pressure expansion device is in the
form of a high pressure valve 15 and an ejector 17 arranged in parallel. Accordingly, some of
the refrigerant leaving the heat rejecting heat exchanger 3 passes through the high pressure
valve 15, and some of the refrigerant passes through the ejector 17 before being supplied to
the receiver 5. A secondary inlet 18 of the ejector 17 is connected to the suction line.
Thereby refrigerant is sucked from the suction line into the ejector 17, reducing the load on
the compressors 2. This even further reduces the energy consumption of the vapour

compression system 1.

In the case that the gas bypass valve 8 malfunctions, continued operation of the vapour
compression system 1 can be ensured essentially in the manner described above with

reference to Fig. 1.

Fig. 4 is a logP-h diagram illustrating a method according to an embodiment of the invention.
The vapour compression system being controlled could, e.g., be one of the vapour

compression systems illustrated in Figs. 1-3.

From point 19 to point 20 refrigerant is compressed by the compressors, resulting in an

increase in enthalpy and pressure. From point 20 to point 21 refrigerant passes through the
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heat rejecting heat exchanger, resulting in a decrease in the temperature of the refrigerant,
and thereby a decrease in enthalpy, while the pressure remains substantially constant. From
point 21 to point 22 the refrigerant passes through the high pressure expansion device,
resulting in a decrease in pressure, while the enthalpy remains substantially constant. From
point 23 to point 24 the liquid part of the refrigerant passes through the evaporator
expansion device, also resulting in a decrease in pressure, while the enthalpy remains
substantially constant. From point 24 to point 25 the refrigerant passes through the
evaporator, resulting in an increase in the temperature of the refrigerant, and thereby an
increase in enthalpy, while the pressure remains substantially constant. From point 26 to
point 25 the gaseous part of the refrigerant in the receiver passes through the gas bypass

valve, resulting in a decrease in pressure, while the enthalpy remains substantially constant.

In Fig. 4, three different paths, corresponding to three different pressure values of the
refrigerant leaving the heat rejecting heat exchanger are illustrated. In the three paths, the
temperature of refrigerant leaving the heat rejecting heat exchanger is the same, illustrated
by isotherm 27. A first path, point 19 — point 20a — point 21a — point 22a, corresponds to a
low pressure value. A second path, point 19 — point 20b — point 21b — point 22b, corresponds
to a medium pressure value. A third path, point 19 — point 20c —point 21¢ — point 22¢c,
corresponds to a high pressure level. The position of point 22 along the enthalpy axis reflects
the gas to liquid ratio in the receiver. The position of point 22a illustrates a situation in which
the gas to liquid ratio is high, the position of point 22b illustrates a situation in which the gas
to liquid ratio is medium, and the position of point 22c illustrates a situation in which the gas
to liquid ratio is low. The gas to liquid ratio in the receiver affects the mass flow of gaseous

refrigerant through the gas bypass valve.

Accordingly, by adjusting the pressure of the refrigerant leaving the heat rejecting heat
exchanger, the gas to liquid ratio in the receiver can be adjusted, thereby adjusting the mass
flow of gaseous refrigerant through the gas bypass valve. More particularly, increasing the
pressure of refrigerant leaving the heat rejecting heat exchanger results in a decrease in the
gas to liquid ratio of refrigerant in the receiver, and thereby in a decreased mass flow of
gaseous refrigerant through the gas bypass valve. Similarly, decreasing the pressure of
refrigerant leaving the heat rejecting heat exchanger results in an increase in the gas to
liquid ratio of refrigerant in the receiver, and thereby in an increased mass flow of gaseous

refrigerant through the gas bypass valve.

Fig. 5 is a logP-h diagram illustrating a method according to an alternative embodiment of
the invention. The logP-h diagram of Fig. 5 is similar to the logP-h diagram of Fig. 4, and it

will therefore not be described in detail here.
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In Fig. 5, three different paths, corresponding to three different temperature values of the
refrigerant leaving the heat rejecting heat exchanger, illustrated by three isotherms 27d,
27e, 271, are illustrated. In the three paths, the pressure of refrigerant leaving the heat
rejecting heat exchanger is the same. A first path, point 19 — point 20 — point 21d — point
22d, corresponds to a high temperature value. A second path, point 19 — point 20 — point
21e — point 22e¢, corresponds to a medium temperature value. A third path, point 19 — point
20 — point 21f — point 22f, corresponds to a low temperature value. As described above, the
position of point 22 along the enthalpy axis reflects the gas to liquid ratio in the receiver,

which affects the mass flow of gaseous refrigerant through the gas bypass valve.

Accordingly, by adjusting the temperature of the refrigerant leaving the heat rejecting heat
exchanger, the gas to liquid ratio in the receiver can be adjusted, thereby adjusting the mass
flow of gaseous refrigerant through the gas bypass valve. More particularly, increasing the
temperature of refrigerant leaving the heat rejecting heat exchanger results in an increase in
the gas to liquid ratio of refrigerant in the receiver, and thereby in an increased mass flow of
gaseous refrigerant through the gas bypass valve. Similarly, decreasing the temperature of
refrigerant leaving the heat rejecting heat exchanger results in a decrease in the gas to liquid
ratio of refrigerant in the receiver, and thereby to a decreased mass flow of gaseous

refrigerant through the gas bypass valve.
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CLAIMS

1. A method for controlling a vapour compression system (1), the vapour compression system (1)
comprising at least one compressor (3, 16), a heat rejecting heat exchanger (3), a high pressure
expansion device (4, 15, 17), a receiver (5), an evaporator expansion device (6), an evaporator (7)

and a gas bypass valve (8), arranged in a refrigerant path, the method comprising the steps of:

— registering that the gas bypass valve (8) is malfunctioning,

— deriving an actual opening degree of the gas bypass valve (8),

— deriving a target opening degree of the gas bypass valve (8), based on one or more control

parameters of the vapour compression system (1),

— comparing the actual opening degree of the gas bypass valve (8) to the target opening

degree of the gas bypass valve (8), and

— controlling the vapour compression system (1) based on the comparison, and in order to
match a mass flow of gaseous refrigerant through the gas bypass valve (8) to the actual

opening degree of the gas bypass valve (8).

2. A method according to claim 1, wherein the step of controlling the vapour compression system

(1) based on the comparison comprises the steps of:

— in the case that the comparison reveals that the actual opening degree of the gas bypass
valve (8) is larger than the target opening degree of the gas bypass valve (8), controlling
the vapour compression system (1) to increase the mass flow of gaseous refrigerant through

the gas bypass valve (8), and

— in the case that the comparison reveals that the actual opening degree of the gas bypass
valve (8) is smaller than the target opening degree of the gas bypass valve (8), controlling
the vapour compression system (1) to decrease the mass flow of gaseous refrigerant

through the gas bypass valve (8).

3. A method according to claim 2, wherein the step of increasing the mass flow of gaseous
refrigerant through the gas bypass valve (8) comprises decreasing a pressure of refrigerant leaving
the heat rejecting heat exchanger (3) and/or increasing a temperature of refrigerant leaving the

heat rejecting heat exchanger (3).
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4. A method according to claim 2 or 3, wherein the step of decreasing the mass flow of gaseous
refrigerant through the gas bypass valve (8) comprises increasing a pressure of refrigerant leaving
the heat rejecting heat exchanger (3) and/or decreasing a temperature of refrigerant leaving the

heat rejecting heat exchanger (3).

5. A method according to any of the preceding claims, wherein the step of controlling the vapour
compression system (1) based on the comparison step comprises adjusting an opening degree of
the high pressure expansion device (4, 15, 17), adjusting a secondary fluid flow across the heat

rejecting heat exchanger (3) and/or adjusting a compressor capacity of the compressor(s) (2, 16).

6. A method according to any of the preceding claims, wherein the step of deriving an actual

opening degree of the gas bypass valve (8) comprises the steps of:

— obtaining one or more refrigerant pressure values and one or more refrigerant temperature

values at selected positions along the refrigerant path,

— estimating a mass flow of gaseous refrigerant through the gas bypass valve (8), based on

the obtained refrigerant pressure value(s) and refrigerant temperature value(s), and

— deriving the actual opening degree of the gas bypass valve (8) based on the estimated mass

flow of gaseous refrigerant through the gas bypass valve (8).

7. A method according to any of the preceding claims, wherein the step of deriving an actual
opening degree of the gas bypass valve (8) is performed based on valve characteristics of the gas

bypass valve (8) obtained during normal operation of the gas bypass valve (8).

8. A method according to any of the preceding claims, wherein the step of deriving a target opening
degree of the gas bypass valve (8) is based on at least an obtained value of a pressure prevailing

inside the receiver (5).

9. A method according to any of the preceding claims, wherein the step of controlling the vapour
compression system (1) is performed in such a manner that a compressor capacity of the

compressor(s) (2, 16) is not allowed to decrease below a minimum compressor capacity level.

10. A method according to any of the preceding claims, further comprising the step of forcing the

compressor(s) (2, 16) to start at predefined time intervals.
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