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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
controlling a fan of a vapour compression system, such
as a fan providing a secondary fluid flow across a heat
rejecting heat exchanger. The fan speed of the fan is
controlled on the basis of a temperature setpoint value
which varies as a function of the fan speed. The present
invention further provides a method for adjusting the tem-
perature setpoint value.

BACKGROUND OF THE INVENTION

[0002] Vapour compression systems, such as refrig-
eration systems, air condition systems, heat pumps, etc.,
normally comprise a compressor, a heat rejecting heat
exchanger, an expansion device and an evaporator ar-
ranged in a refrigerant circuit. In the heat rejecting heat
exchanger, heat exchange takes place between the re-
frigerant flowing through the heatrejecting heat exchang-
er and the ambient, e.g. in the form of a secondary fluid
flow across the heat rejecting heat exchanger, in such a
manner that heatis rejected from the refrigerant. Accord-
ingly, the temperature of the refrigerant decreases as the
refrigerant passes through the heat rejecting heat ex-
changer.

[0003] In the case that the secondary fluid flow across
the heat rejecting heat exchanger is in the form of an air
flow, the secondary fluid flow may be controlled by con-
trolling a fan arranged in the vicinity of the heat rejecting
heatexchanger. Itis normally desirable to control the fan,
and thereby the secondary fluid flow across the heat re-
jecting heat exchanger, in such a manner that the tem-
perature of the refrigerant leaving the heat rejecting heat
exchanger is close to the ambienttemperature, e.g. close
to the temperature of the fluid of the secondary fluid flow.
Thereby it is ensured that the pressure of the refrigerant
flowing through the heat rejecting heat exchanger is at
an appropriate level, and that the vapour compression
system is operated in an energy efficient manner.
[0004] In order to control the secondary fluid flow as
described above, various temperatures, such as the tem-
perature of refrigerant leaving the heat rejecting heat ex-
changer, the temperature of refrigerant entering the heat
rejecting heat exchanger and/or various ambient temper-
atures, etc., may be measured. Each of the sensors used
for measuring the relevant temperatures introduces an
uncertainty of the measured temperature, which may re-
sultin a deviation between a measured temperature val-
ue and the actual temperature value. When the temper-
ature of refrigerant leaving the heat rejecting heat ex-
changer approaches the ambient temperature, even
small deviations in the measured temperature values
may resultin erroneous operation of the fan. For instance,
if the temperature measurements performed by means
of the temperature sensors indicate that the temperature
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difference between the temperature of refrigerantleaving
the heat rejecting heat exchanger and the ambient tem-
perature is above a desired level, but the temperature of
the refrigerant leaving the heat rejecting heat exchanger
is in reality as close to the ambient temperature as pos-
sible, the control algorithm may keep requesting an in-
crease of the fan speed in order to further reduce the
temperature of the refrigerant leaving the heat rejecting
heat exchanger, but this will have no effect because it is
not possible to reduce this temperature further. This is
an undesirable situation, because itincreases the energy
consumption, the noise level, as well as the wear on the
fan, without improving the overall energy efficiency of the
vapour compression system.

[0005] WO 2013/156158 A1 discloses a method for
controlling a fan of a vapour compression system, the
fan being arranged to provide a secondary fluid flow
across a heat rejecting heat exchanger of the vapour
compression system. A temperature difference between
a temperature of refrigerant leaving the heat rejecting
heat exchanger and a temperature of ambient air is es-
tablished. The temperature difference is compared to a
first threshold value and a second threshold value, and
the rotational speed of the fan is controlled on the basis
of the comparison. The first and second threshold values
are substantially constant.

[0006] US 2007/0125106 A1 discloses a supercritical
refrigeration cycle comprising a heat rejecting heat ex-
changer in the form of a radiator, and a cooling fan for
blowing the atmospheric air to the radiator. A value of
information representing the difference between the ac-
tual radiation state of the refrigerant at the outlet of the
radiator and an ideal radiation state determined by the
atmospherictemperature is calculated, and based on this
value of information, the air capacity of the cooling fan is
controlled to decrease the difference.

DESCRIPTION OF THE INVENTION

[0007] Itis an object of the invention to provide a meth-
od for controlling a fan of a vapour compression system
in such a manner that energy efficient operation of the
vapour compression system is ensured.

[0008] It is a further object of the invention to provide
a method for controlling a fan of a vapour compression
system in such a manner that noise and energy con-
sumption of the fan are minimised.

[0009] The invention provides a method for controlling
a fan of a vapour compression system, the vapour com-
pression system comprising a compressor, a heat reject-
ing heat exchanger, an expansion device and an evap-
orator arranged in a refrigerant circuit, said fan being ar-
ranged to provide a secondary fluid flow across the heat
rejecting heat exchanger, the method comprising the
steps of:

- establishing a temperature difference, AT=
Tout-Tamp, between a temperature, T, of refriger-
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ant leaving the heat rejecting heat exchanger and a
temperature, T,,,, of ambient air of the heat reject-
ing heat exchanger,

- establishing a fan speed of the fan,

- obtaining a setpoint value, AT, for the tempera-
ture difference, AT, based on the established fan
speed of the fan, said setpoint value, ATsetp, being
dependent on the fan speed in such a manner that
the setpointvalue, AT increases as the fan speed
increases, and

setp’

- controlling the fan speed of the fan in order to control
the temperature difference, AT, in accordance with
the obtained setpoint value, ATgy,.

[0010] The method according to the invention is a
method for controlling a fan of a vapour compression
system which is defined in claim 1. In the present context
the term 'vapour compression system’ should be inter-
preted to mean any system in which a flow of fluid, such
as refrigerant, circulates and is alternatingly compressed
and expanded, thereby providing either refrigeration or
heating of a volume. Thus, the vapour compression sys-
tem may be a refrigeration system, an air condition sys-
tem, a heat pump, etc.

[0011] The vapour compression system comprises a
compressor, a heat rejecting heat exchanger, e.g. in the
form of a gas cooler or a condenser, an expansion device,
e.g. in the form of an expansion valve, and an evaporator
arranged along a refrigerant circuit. Refrigerant flowing
in the refrigerant circuit is thereby alternatingly com-
pressed by the compressor and expanded by the expan-
sion device, while heat exchange takes place in the heat
rejecting heat exchanger and in the evaporator, in such
a manner that heat is rejected from the refrigerant pass-
ing through the heat rejecting heat exchanger and heat
is absorbed by the refrigerant passing through the evap-
orator.

[0012] The vapour compression system further com-
prises a fan being arranged to provide a secondary fluid
flow across the heat rejecting heat exchanger. The sec-
ondary fluid flow may be a flow of air, or a flow of another
gasthanair, driven by the fan. Thus, heatexchange takes
place between the refrigerant flowing through the heat
rejecting heat exchanger and the fluid of the secondary
fluid flow. Furthermore, the heat transfer from the refrig-
erant to the fluid of the secondary fluid flow is dependent
on the flow rate of the secondary fluid flow, and thereby
on the fan speed of the fan.

[0013] It should be noted that the vapour compression
system may comprise two or more fans arranged to pro-
vide the secondary fluid flow across the heat rejecting
heat exchanger. Therefore, in the following the term 'fan’
should be interpreted to cover a single fan providing the
secondary fluid flow, one of two or more fans providing
the secondary fluid flow, or two or more fans providing
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the secondary fluid flow. In the case that two or more
fans are arranged to provide the secondary fluid, the 'fan
speed’ could be varied by switching one or more of the
fans on or off. in this case the individual fan is not nec-
essarily a variable speed fan, but switching one of the
fans on or off will correspond to increasing or decreasing
the speed of a single fan providing the fluid flow in a
stepwise manner.

[0014] According to the method of the first aspect of
the invention, a temperature difference, AT= T, -Tamp:
between a temperature, T, ,, of refrigerant leaving the
heat rejecting heat exchanger and a temperature, T,
of ambient air of the heat rejecting heat exchanger is
initially established. The temperatures, T, and T .
may each be obtained, e.g. by direct measurements, and
the temperature difference, AT, may be established
based on the obtained temperatures. As an alternative,
the temperature difference, AT, may be established di-
rectly without obtaining the absolute values of the tem-
peratures, Ty, and Ty

[0015] The ambient temperature, T, is a tempera-
ture prevailing in the vicinity of the heat rejecting heat
exchanger. It could, e.g., be a temperature of the sec-
ondary fluid flow, such as the temperature of fluid flowing
towards the heat rejecting heat exchanger, the temper-
ature of fluid flowing away from the heat rejecting heat
exchanger, or a suitable weighted average of these two
temperatures. As an alternative, the ambient tempera-
ture, T, May be another suitable temperature prevail-
ing in the vicinity of the heat rejecting heat exchanger,
such as an outdoor temperature.

[0016] AT indicates how close the temperature of re-
frigerant leaving the heat rejecting heat exchanger is to
the ambient temperature, since AT approaches zero
when T, approaches T,,. As described above, it is
desirable to operate the vapour compression system in
such a manner that the temperature difference, AT, is
small. In this case the pressure of refrigerant passing
through the heat rejecting heat exchanger can be main-
tained at a relatively low level. This, in turn, ensures that
the energy consumption of the compressor can be main-
tained at a relatively low level. As a consequence, the
vapour compression system is operated in an energy ef-
ficient manner. On the other hand, the fan speed should
be reduced when the temperature difference, AT, reach-
es a desirable, low level, in order to minimise energy
consumption of the fan, wear on the fan and noise of the
fan.

[0017] Next, a fan speed of the fan is established. The
fan speed may be obtained from a controller controlling
the fan. Alternatively or additionally, the fan speed may
be measured.

[0018] Next, a setpoint value, ATsetp, for the tempera-
ture difference, AT, is obtained, based on the established
fan speed of the fan. The setpoint value, ATy, is de-
pendent on the fan speed in such a manner that the set-
pointvalue, ATy, increases as the fan speed increases.
Thus, the setpoint value, ATsetp, for the temperature dif-
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ference, AT, is not a fixed value, but varies as a function
of the fan speed of the fan. This has the consequence
that when the fan speed increases, the setpoint value,
ATsetp, also increases, and the temperature difference,
AT, is thereby controlled in accordance with a higher set-
point, i.e. a larger temperature difference, AT, is allowed.
[0019] Inordertodecrease thetemperature difference,
AT, the heat transfer from the refrigerant to the secondary
fluid flow must be increased. This can be obtained by
increasing the fan speed of the fan, thereby increasing
the flow rate of the secondary fluid flow. Accordingly, if
the established temperature difference, AT, is larger than
a desired level, the fan speed will normally be increased,
in order to reduce the temperature difference, AT, further.
However, temperature sensors used for measuring T
and/or T,,, may be inaccurate. In this case, the actual
temperature difference, AT, may very well be so small
thatitis, in practice, not possible to lower it further, even
though the established value of the temperature differ-
ence, AT, is above the desired level. In this case, the
controller will attempt to decrease the temperature dif-
ference, AT, by increasing the fan speed, but the in-
creased fan speed will have no effect on the temperature
difference, AT, because it is in reality not possible to re-
duce the temperature difference further. This has the
consequence that the fan speed of the fan continues to
increase until it reaches a maximum value, resulting in a
high energy consumption of the fan and a high noise
level.

[0020] It is therefore an advantage of the present in-
vention that the setpoint value, ATy, for the tempera-
ture difference, AT, is increased when the fan speed of
the fan increases. Thereby it is ensured that, if the fan is
already operating at a high speed, a larger temperature
difference, AT, is allowed before a further increase in fan
speed is requested. This prevents that the fan speed is
continuously increased in the case that the situation de-
scribed above occurs, and the energy consumption as
well as the noise level of the fan can be maintained at a
minimum level without risking that the vapour compres-
sion system is operated inefficiently.

[0021] Finally, the fan speed of the fan is controlled in
order to control the temperature difference, AT, in ac-
cordance with the obtained setpoint value, ATggy,. There-
by the advantages described above are obtained. Con-
trolling the temperature difference, AT, in accordance
with the obtained setpoint value, ATsetp, could, e.g., in-
clude controlling the fan speed in such a manner that a
temperature difference, AT, being substantially equal to
the obtained setpoint value, ATy, is obtained. Alterna-
tively or additionally, the setpoint value, ATsetp, may be
applied as a minimum value or a maximum value for the
temperature difference, AT.

[0022] The step of controlling the fan speed of the fan
may comprise controlling the fan speed in order to obtain
thatthe temperature difference, AT, is larger than or equal
to the obtained setpoint value, AT, According to this
embodiment, the setpoint value, ATsetp, can be regarded
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as a minimum value for the temperature difference, AT,
and the temperature difference, AT, will not be allowed
to decrease below the setpoint value, AT, Since the
setpoint value, ATggy, increases as the fan speed in-
creases, a higher fan speed will result in a larger setpoint
value, ATg,, and thereby a higher minimum value for
the temperature difference, AT. Accordingly, at a rela-
tively high fan speed, the setpoint value, ATsetp, and
thereby the minimum value for the temperature differ-
ence, AT, is also relatively high. Therefore, when this
situation occurs, it will not be attempted to further reduce
the temperature difference, AT, below the relatively high
setpoint value, ATgg, by further increasing the fan
speed. Thereby it is efficiently prevented that the fan
speed is increased indefinitely in pursuit of a very small
temperature difference, AT, which is in practise unobtain-
able.

[0023] Furthermore, during operation, if temperature
difference, AT, is above the setpoint value, ATsetp, the
fan speed may be increased in order to decrease the
temperature difference, AT. This will, in addition to de-
creasing the temperature difference, AT, cause an in-
crease in the setpoint value, AT, This has the conse-
quence that at some point the temperature difference,
AT, decreases below the setpoint value, ATsetp, and the
control of the fan speed and the temperature difference,
AT, will stabilize.

[0024] Similarly, if the temperature difference, AT, is
below the setpoint value, AT, the fan speed may be
decreased in order to increase the temperature differ-
ence, AT, to alevel above the setpoint value, ATsetp. This
causes the temperature difference, AT, to increase and
the setpoint value, ATy, to decrease. At some point the
temperature difference, AT, increases above the setpoint
value, ATgq, and the control of the fan speed and the
temperature difference, AT, will stabilize.

[0025] The step of obtaining a setpoint value, ATgyy,
may comprises consulting a look-up table and/or apply-
ing a function providing corresponding values of fan
speed and setpoint value, ATg,. According to this em-
bodiment, the relationship between the fan speed and
the setpoint value, ATy, is predefined by the look-up
table and/or the function. At a given fan speed, the cor-
responding setpoint value, ATy, is thereby readily
available from the look-up table and/or the function. In
the case that a function provides the corresponding val-
ues of fan speed and setpoint value, ATy, the setpoint
value, ATsetp, may, e.g., be obtained by reading a graph
representing the function, and/or it may be calculated
using a formula representing the function.

[0026] The look-up table and/or the function may be
derived in a theoretical manner, e.g. including performing
calculations based on theoretical assumptions and/or
various system specific parameters. Alternatively, the
look-up table and/or the function may be generated at
least partly in an empirical manner.

[0027] As an alternative, the setpoint value, ATsetp,
may be obtained in any other suitable manner, such as
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by direct calculation, e.g. involving other measured pa-
rameters of the system.

[0028] The setpoint value, AT, may vary as alinear
or piecewise linear function of the fan speed. In this case
the setpoint value, AT, increases in a linear manner
when the fan speed increases. The slope of the linear
function may, e.g., be determined by defining a maximum
setpoint value to be applied at maximum fan speed, and
a minimum setpoint value to be applied at a selected,
low fan speed, and defining the linear function between
these two points.

[0029] Inthe case thatthe setpointvalue, AT g, varies
as a piecewise linear function of the fan speed, the set-
point value, ATsetp, could, e.g., be substantially constant
at low fan speeds, and increase linearly as a function of
fan speeds above a specified or selected threshold fan
speed.

[0030] As an alternative, the setpoint value, ATsetp,
may vary in any other suitable manner, as long as the
setpoint value, ATy, increases as a function of fan
speed, at leastin a part of the available fan speed range.
[0031] The step of controlling the fan speed of the fan
may comprise the steps of:

- comparing the established temperature difference,
AT, to the obtained setpoint value, ATsetp, and
- decreasing the fan speed of the fan in the case that
AT<ATgetp.
[0032] According to this embodiment, if the tempera-
ture difference, AT, is below the setpoint value, ATsetp,
at the current fan speed, then it is desirable to increase
the temperature difference, AT, in order to reach the level
defined by the setpoint value, ATgy,. In order to obtain
this, the fan speed is decreased. As described above,
this will decrease the flow rate of the secondary fluid flow
across the heat rejecting heat exchanger, resulting in an
increase in the temperature, T, of refrigerant leaving
the heat rejecting heat exchanger, and thereby an in-
crease in the temperature difference, AT. Furthermore,
the decrease in fan speed causes the setpoint value,
ATgetp, to decrease. The increasing temperature differ-
ence, AT, and the simultaneously decreasing setpoint
value, ATsetp, causes the temperature difference, AT, and
the setpoint value, AT, to approach each other until
they finally reach the same level, and the control stabi-
lizes.
[0033] The step of controlling the fan speed of the fan
may further comprise the step of increasing the fan speed
of the fan in the case that AT>ATg,. According to this
embodiment, if the temperature difference, AT, is above
the setpoint value, ATsetp, at the current fan speed, then
it is desirable to decrease the temperature difference,
AT, in order to reach the level defined by the setpoint
value, ATy, and in order to improve the energy
efficiency of the vapour compression system. In order to
obtain this, the fan speed is increased. As described
above, this will increase the flow rate of the secondary
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fluid flow across the heat rejecting heat exchanger,
resulting in a decrease in the temperature, T, of
refrigerantleaving the heatrejecting heat exchanger, and
thereby a decrease in the temperature difference, AT.
Furthermore, the increase in fan speed causes the
setpoint value, ATg., to increase. The decreasing
temperature difference, AT, and the simultaneously
increasing  setpoint  value, ATggy, causes the
temperature difference, AT, and the setpoint value,
ATgetp, to approach each other until they finally reach the
same level, and the control stabilizes.

[0034] The step of obtaining a setpoint value, AT
may comprise the steps of:

setp’

- obtaining a minimum setpoint value, ATgey, min, be-
ing dependent on the fan speed in such a manner
that the minimum setpoint value, AT increas-
es as the fan speed increases,

setp,min’

- obtainingasystem defined setpointvalue, ATgep gys.
and

- selecting the setpoint value, AT,
the minimum setpoint value, AT g5 min,
tem defined setpoint value, ATggq, gye.

as the largest of
and the sys-

ATsetp= m ax{ ATsetp,min; ATsetp,sys} .

[0035] According to this embodiment, the setpoint val-
ue, ATy, is obtained while taking a system defined set-
point value, ATgg, o6 into consideration and providing
the required increasing behaviour of the setpoint value,
ATgetps as a function of fan speed.

[0036] Forinstance, the system defined setpointvalue,
ATgetp,sys: could be amanually set or user defined value.
Alternatively or additionally, the system defined setpoint
value, ATgey svs, COUld be a value which is dictated by
other parts of the vapour compression system, such as
a heat recovery system forming part of or being connect-
ed to the vapour compression system.

[0037] The system defined setpoint value, ATggtp oy
may be a substantially constant value, e.g. representing
a desired level for the temperature difference, AT, such
as a level which ensures energy efficient operation of the
vapour compression system. Alternatively, the system
defined setpointvalue, ATggy, o5, may be allowed to vary,
preferably on a relatively long timescale. This may, e.g.,
be the case if the system defined setpoint value,
ATgetpsys: I dictated by other parts of the vapour
compression system. In this case it may be appropriate
that the system defined setpoint value, ATggq, s, IS
adjusted if relevant operating conditions change. In any
event, the system defined setpoint value, ATy, oy, May
be regarded as a setpoint value for the temperature
difference, AT, which would also be appropriate if
accurate temperature measurements could be ensured,
and the problems described above would therefore not
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occur. Furthermore, the system defined setpoint value,
ATsetp sys» May be independent of the fan speed.
[0038] The minimum setpointvalue, ATggy, min, defines
the required increasing behaviour of the setpoint value,
ATgetp, as a function of fan speed. Atlow fan speeds, the
minimum setpoint value, AT g, yin, is therefore very low,
and at high fan speeds it is very high.

[0039] According to this embodiment, the setpoint
value, ATy, is selected as the largest of the minimum
setpoint value, ATgg, min, and the system defined
setpoint value, ATsetp sys» ie. ATgetp=
max{ ATgetp miniATsetpsyst - Thus, at low fan speeds
where the minimum setpoint value, ATggq, min, is smaller
than the system defined setpoint value, ATggy, o5, the
system defined setpoint value, ATy, s, is selected as
the setpoint value, ATy,. However, at higher fan speeds
where the minimum setpoint value, ATggy, min, increases
above the system defined setpoint value, AT, o 6. the
minimum setpoint value, ATgg, min, is instead selected
as the setpoint value, ATggy,. Thereby it is ensured, that
at low fan speeds where the problems described above
are not expected to occur, the fan can be controlled in a
usual manner, and in order to obtain a desired, low
temperature difference, AT. However, at higher fan
speeds, where the problems described above are likely
to occur, the setpoint value, ATsetp, is increased as
described above, thereby avoiding that the fan speed is
continuously increased, due to inaccurate temperature
measurements.

[0040] The step of establishing a temperature differ-
ence, AT, may comprise obtaining the temperature, T,
of refrigerant leaving the heat rejecting heat exchanger
and obtaining the temperature, T,,,, of ambient air of
the heat rejecting heat exchanger. The temperatures
may, e.g., be obtained by measuring the temperatures
directly, using appropriate temperature sensors. As an
alternative, one or both of the temperatures may be ob-
tained in a more indirect manner, e.g. by measuring an-
other value which is indicative for the relevant tempera-
ture, and subsequently calculating or deriving the tem-
perature on the basis of the measured value.

[0041] As an alternative, the temperature difference,
AT, may be established directly, without obtaining the
absolute values of the temperatures, T, and T,

BRIEF DESCRIPTION OF THE DRAWI NGS

[0042] 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 compres-
sion system comprising a fan being operated in ac-
cordance with amethod according to an embodiment
of the invention,

Fig. 2 illustrates obtaining a setpoint value in accord-
ance with a method according to an embodiment of
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the invention, and

Fig. 3 is a block diagram illustrating a method for
controlling a fan according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0043] Fig. 1 is a diagrammatic view of a vapour com-
pression system 1 comprising a compressor 2, a heat
rejecting heat exchanger 3, an expansion valve 4 and an
evaporator 5 arranged in a refrigerant circuit. A fan 6 is
arranged to provide a secondary fluid flow across the
heat rejecting heat exchanger 3.

[0044] in the heat rejecting heat exchanger 3 heat ex-
change takes place between refrigerant passing through
the heat rejecting heat exchanger 3 and the fluid of the
secondary fluid flow, in such a manner that heat is re-
jected from the refrigerant and absorbed by the fluid of
the secondary fluid flow. The heat transfer from the re-
frigerant to the fluid of the secondary fluid flow is, among
other things, determined by the flow rate of the secondary
fluid flow across the heat rejecting heat exchanger 3.
Thus, an increase in the flow rate of the secondary fluid
flow will cause an increase in the heat transfer, and a
decrease in the flow rate of the secondary fluid flow will
cause a decrease in the heat transfer.

[0045] The flow rate of the secondary fluid flow across
the heat rejecting heat exchanger 3 is determined by the
fan speed of the fan 6. Thereby the heat transfer from
the refrigerant to the fluid of the secondary fluid flow
across the heat rejecting heat exchanger 3 is also de-
pendent on the fan speed of the fan 6. Thus, by appro-
priately controlling the fan speed of the fan 6, the heat
transfer taking place in the heat rejecting heat exchanger
3 can be controlled, and thereby the temperature of re-
frigerant leaving the heat rejecting heat exchanger 3 can
be controlled.

[0046] As described above, it is often desirable to con-
trol the temperature, T, of refrigerant leaving the heat
rejecting heat exchanger 3 in such a manner that this
temperature is close to an ambient temperature, T,
such as a temperature of the fluid of the secondary fluid
flow across the heat rejecting heat exchanger 3 or an
outdoor temperature, i.e. in such a manner that a tem-
perature difference, AT=T,+Tamp is small. However, at
small temperature differences, uncertainties of the tem-
perature sensors may lead to incorrect measured values
of the temperature difference, AT. In this case the meas-
ured temperature values may indicate that the tempera-
ture difference, AT, is above a desired level, while the
actual temperature difference is at or below this level,
and that it is not possible to reduce the temperature dif-
ference further. In this case, the fan speed may be con-
tinuously increased in an attempt to decrease the tem-
perature difference, but the increase in fan speed will
have no effect in this regard, because the actual temper-
ature difference is already at a minimum level. However,
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according to the method of the invention, this situation is
avoided by obtaining a setpoint value, AT, for the tem-
perature difference, AT, which increases as the fan speed
increases.

[0047] Fig.2is agraphillustrating the step of obtaining
a setpoint value, using a method according to an embod-
iment of the invention. The graph illustrates temperature
as a function of fan speed.

[0048] In the graph, a constant ambient temperature,
Tamp is shown as a dashed line. Thus, in the example
illustrated in Fig. 2 it is assumed that the ambient tem-
perature, T, is constant. It should, however, be noted
that the ambient temperature, T,,,, could be variable,
but the principles described below will still be valid in this
case.

[0049] A setpoint value, ATy, for a temperature dif-
ference between a temperature, T, of refrigerant leav-
ing a heat rejecting heat exchanger and the ambient tem-
perature, T, is dependent on the fan speed in such a
manner that the setpoint value, ATy, increases as the
fan speed increases. The setpoint value, ATgg, is indi-
cated at a specific fan speed 7.

[0050] For a given fan speed, a temperature setpoint,
Tsetp: is calculated as the sum of the ambient tempera-
ture, T b, and the fan speed dependent setpoint value,
ATgetp- In Fig. 2, Tseyy is illustrated by a solid line.
[0051] Itcan be seen that the setpoint value, ATey, is
a piecewise linear function of the fan speed. At fan
speeds below fan speed 8 the setpoint value, ATggy, is
a constant value, and at fan speeds above fan speed 8,
ATy, increases linearly as a function of fan speed.
[0052] Thetemperature, T, of refrigerantleaving the
heat rejecting heat exchanger may be controlled in ac-
cordance with the temperature setpoint, Tgyp,.

[0053] Fig. 3 is a block diagram illustrating a method
for controlling a fan according to an embodiment of the
invention. The ambient temperature, T,,,,, and the tem-
perature, T, of refrigerant leaving the heat rejecting
heat exchanger are supplied to a fan speed controller 9.
[0054] Based thereon, the fan speed controller 9 can
derive the temperature difference, AT= T +Tamp, @nd
use this as a control parameter for controlling the fan
speed.

[0055] The fan speed controller 9 further supplies the
fan speed to a setpoint calculating unit 10. In the setpoint
calculating unit 10 a setpoint value, ATsetp, is obtained,
based on the fan speed received from the fan speed con-
troller 9. The setpoint value, AT, depends on the fan
speed in such a manner that the setpoint value, ATg,
increases asthefan speedincreases. The setpointvalue,
ATsetp, could, e.g., be derived in the manner described
above with reference to Fig. 2.

[0056] The obtained setpoint value, ATgy, is supplied
to a selecting unit 11. Furthermore, one or more further
setpoint values, AT gy, 1, ATgeyp 0, is/are supplied to the
selecting unit 11. For instance, one of the further setpoint
values, ATgy, ¢, could be a user defined setpoint value,
and one of the further setpoint values, ATy, 5, could be
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a setpoint value dictated by other parts of the vapour
compression system, such as a heat recovery system.
[0057] In the selecting unit 11, the largest of the three
available setpoint values, ATggy,, ATgey, 4 @nd ATggyy, 5, is
selected as the setpoint value for the temperature differ-
ence, AT, and the selected setpoint value is supplied to
the fan speed controller 9. The fan speed controller 9
then controls the fan speed in order to obtain that the
derived temperature difference, AT, is substantially equal
to the setpoint value received from the selecting unit.
[0058] Since ATy, increases as the fan speed in-
creases, ATgq, Will be selected as the setpoint value by
the selecting unit 11 at high fan speeds.

[0059] Itis noted that, even though the fan speed con-
troller 9, the setpoint calculating unit 10 and the selecting
unit 11 are shown as separate units in Fig. 3, it is not
ruled out that two or more of the illustrated units 9, 10,
11 could form part of the same physical unit or compo-
nent. Furthermore, one or more of the units 9, 10, 11
could be implemented in software and executed on one
Or more microprocessors.

Claims

1. A method for controlling a fan (6) of a vapour com-
pression system (1), the vapour compression sys-
tem (1) comprising a compressor (2), a heatrejecting
heat exchanger (3), an expansion device (4) and an
evaporator (5) arranged in a refrigerant circuit, said
fan (6) being arranged to provide a secondary fluid
flow across the heat rejecting heat exchanger (3),
the method comprising the steps of:

- establishing a temperature difference,
AT=T - Tamp> Detween a temperature, T, of
refrigerant leaving the heat rejecting heat ex-
changer (3) and atemperature, T4, of ambient
air of the heat rejecting heat exchanger (3),
- establishing a fan speed of the fan (6),
- obtaining a setpoint value, ATg,, for the tem-
perature difference, AT, based on the estab-
lished fan speed of the fan (6), said setpoint val-
ue, ATggyp, being dependent on the fan speed in
such a manner that the setpoint value, ATy,
increases as the fan speed increases, and

- controlling the fan speed of the fan (6) in order

to control the temperature difference, AT, in

accordance with the obtained setpoint value,

ATsetp'

2. A method according to claim 1, wherein the step of
controlling the fan speed of the fan (6) comprises
controlling the fan speed in order to obtain that the
temperature difference, AT, is larger than or equal
to the obtained setpoint value, ATy,

3. A method according to claim 1 or 2, wherein the step
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of obtaining a setpoint value, AT, comprises con-
sulting a look-up table and/or applying a function pro-
viding corresponding values of fan speed and set-
point value, ATy,

A method according to any of the preceding claims,
wherein the setpoint value, AT, varies as a linear
or piecewise linear function of the fan speed.

A method according to any of the preceding claims,
wherein the step of controlling the fan speed of the
fan (6) comprises the steps of:

- comparing the established temperature differ-
ence, AT, to the obtained setpoint value, ATsetp,
and

- decreasing the fan speed of the fan (6) in the
case that AT<ATg,.
A method according to claim 5, wherein the step of
controlling the fan speed of the fan (6) further com-
prises the step of increasing the fan speed of the fan
(6) in the case that AT>AT g,
A method according to any of the preceding claims,
wherein the step of obtaining a setpoint value, ATgyp,
comprises the steps of:

- obtaining a minimum setpoint value, ATggo min,
being dependent on the fan speed in such a
manner that the minimum setpoint value,
ATsetpmins increases as the fan speed
increases,

- obtaining a system defined setpoint value,
ATsetp,sys’ and

- selecting the setpoint value, AT, as the
largest of the minimum setpoint value,
ATsetp,min: @nd the system defined setpoint
value, ATsetp syss
ATsetp=maX{ATsetp,min;ATsetp,Sys}-

A method according to any of the preceding claims,
wherein the step of establishing a temperature dif-
ference, AT, comprises obtaining the temperature,
Tout Of refrigerant leaving the heat rejecting heat ex-
changer (3) and obtaining the temperature, T, of
ambient air of the heat rejecting heat exchanger (3).

Patentanspriiche

1.

Verfahren zum Steuern eines Ventilators (6) eines
Dampfkompressionssystems (1), wobei das Dampf-
kompressionssystem (1) einen Kompressor (2), ei-
nen warmeabgebenden Warmetauscher (3), eine
Expansionsvorrichtung (4) und einen Verdampfer
(5) umfasst, die in einem Kaltemittelkreislauf ange-
ordnet sind, wobei der Ventilator (6) so angeordnet
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ist, dass er einen sekundaren Fluidstrom tber den
warmeabgebenden Warmetauscher (3) bereitstellt,
wobei das Verfahren die folgenden Schritte umfasst:

- Ermittlung einer Temperaturdifferenz AT =T
- Tamb ZWischen der Temperatur T, ; des aus
dem warmeabgebenden Warmetauscher (3)
austretenden Kaltemittels und der Temperatur
Tamp der Umgebungsluft des warmeabgeben-
den Warmetauschers (3),

- Festlegen einer Ventilatordrehzahl des Venti-
lators (6),

- Ermitteln eines Sollwertes AT, fir die Tem-
peraturdifferenz AT auf der Grundlage der er-
mittelten Ventilatordrehzahl des Ventilators (6),
wobei der Sollwert ATggy, von der Ventilator-
drehzahl derart abhangig ist, dass der Sollwert
ATgep Mit steigender Ventilatordrehzahl zu-
nimmt, und

- Regelung der Ventilatordrehzahl des Ventila-
tors (6), um die Temperaturdifferenz AT in Ab-
hangigkeit von dem erhaltenen Sollwert AT,
zu regeln.

Verfahren nach Anspruch 1, wobei der Schritt des
Steuerns der Ventilatordrehzahl des Ventilators (6)
die Steuerung der Ventilatordrehzahl umfasst, um
zu erreichen, dass die Temperaturdifferenz, AT, gro-
Rer oder gleich dem erhaltenen Sollwert, ATy, ist.
Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Ermittelns eines Sollwertes AT, das Abfragen
einer Nachschlagetabelle und/oder das Anwenden
einer Funktion umfasst, die entsprechende Werte fiir
die Ventilatordrehzahl und den Sollwert, AT lie-
fert.

setp’

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Sollwert AT, als lineare oder stlick-
weise lineare Funktion der Ventilatordrehzahl vari-
iert.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Schritt des Steuerns der Ventilator-
drehzahl des Ventilators (6) die folgenden Schritte
umfasst:

- Vergleich der ermittelten Temperaturdifferenz
AT mit dem erhaltenen Sollwert ATg, und

- Verringerung der Ventilatordrehzahl des Ven-
tilators (6) fir den Fall, dass AT<ATggyp,.

Verfahren nach Anspruch 5, wobei der Schritt des
Steuerns der Ventilatordrehzahl des Ventilators (6)
ferner den Schritt des Erhdhens der Ventilatordreh-
zahl des Ventilators (6) in dem Fall umfasst, dass

AT>AT ety
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7. Verfahren nach einem der vorhergehenden Anspri-

che, wobei der Schritt des Ermittelns eines Sollwer-
tes, ATgqyp, die folgenden Schritte umfasst:

-  Ermitteln eines minimalen Sollwertes
ATsetp,min’ der von der Ventilatordrehzahl
abhangig ist, sodass der minimale Sollwert
ATsetp,min mit steigender Ventilatordrehzahl

zunimmt,
- Ermitteln eines systemdefinierten Sollwertes,
ATsetpySys, und

-Auswahl des Sollwertes AT, als den groten
Wertaus dem minimalen Sollwert ATggy, min und
dem systemdefinierten Sollwert  ATgeyp oy,
ATsetp = maX{ATsetp,min; ATsetp,sys}-

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der Schritt des Erstellens einer Tempe-
raturdifferenz, AT, das Erhalten der Temperatur,
Tout des den warmeabgebenden Warmetauscher
(3) verlassenden Kaltemittels und das Erhalten der
Temperatur, T,,,,, der Umgebungsluft des warme-
abgebenden Warmetauschers (3) umfasst.

Revendications

Procédé de commande d’un ventilateur (6) d’'un sys-
téeme de compression de vapeur (1), le systeme de
compression de vapeur (1) comprenant un compres-
seur (2), un échangeur de chaleur a rejet de chaleur
(3), un dispositif de détente (4) et un évaporateur (5)
disposés en un circuit de réfrigérant, ledit ventilateur
(6) étantagenceé pour fournir un écoulementde fluide
secondaire a travers I’échangeur de chaleur a rejet
de chaleur (3), le procédé comprenant les étapes
consistant a :

- établir une différence de température, AT =
Tout-Tambs €Ntre une température, T, du réfri-
gérant sortant de I'échangeur de chaleur a rejet
de chaleur (3) et une température, T,,,, de 'air
ambiant de I'échangeur de chaleur a rejet de
chaleur (3),

- établir une vitesse de ventilateur du ventilateur
(6),

- obtenir une valeur de consigne, ATg,, pourla
différence de température, AT, basée sur la vi-
tesse de ventilateur établie du ventilateur (6),
ladite valeur de consigne, ATggy,, étant dépen-
dante de la vitesse du ventilateur de telle ma-
niere que la valeur de consigne, AT, aug-
mente a mesure que la vitesse de ventilateur
augmente, et

- commander la vitesse du ventilateur du venti-
lateur (6) afin de commander la différence de
température, AT, conformément a la valeur de
consigne obtenue, ATgy,.
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2,

Procédé selon larevendication 1, dans lequel I'étape
de commande de la vitesse de ventilateur du venti-
lateur (6) comprend la commande de la vitesse du
ventilateur afin d’obtenir que la différence de tempé-
rature, AT, soit supérieure ou égale a la valeur de
consigne obtenue, ATg.
Procédé selon la revendication 1 ou 2, dans lequel
I'étape d’obtention d’une valeur de consigne, ATy,
comprend la consultation d’une table de consultation
et/ou I'application d’une fonction fournissant les va-
leurs correspondantes de la vitesse du ventilateur
et de la valeur de consigne, AT,
Procédé selon une quelconque des revendications
précédentes, dans lequel la valeur de consigne,
ATgetp, varie comme une fonction linéaire ou linéaire
par morceaux de la vitesse de ventilateur.

Procédé selon une quelconque des revendications
précédentes, dans lequel I'étape de commande de
la vitesse de ventilateur du ventilateur (6) comprend
les étapes consistant a :

- comparer la différence de température établie,
AT, avec la valeur de consigne obtenue, ATsetp,
et

- diminuer la vitesse de ventilateur (6) dans le
cas ou AT<ATq,.
Procédé selon larevendication 5, dans lequel I'étape
de commande de la vitesse de ventilateur du venti-
lateur (6) comprend en outre I'étape d’augmentation
de la vitesse de ventilateur du ventilateur (6) dans
le cas ou AT>AT gy,
Procédé selon une quelconque des revendications
précédentes, dans lequel I'étape d’obtention d’'une
valeur de consigne, ATgey,, comprend les étapes
consistant a :

- obtenir une valeur de consigne minimale,
AT setp,min: dépendante de la vitesse de ventila-
teur de telle sorte que la valeur de consigne mi-
nimale, ATgetp min, @UgMente & mesure que la
vitesse de ventilateur augmente,

- obtenir une valeur de consigne définie par le
systeme, ATgqqp sy €t

- sélectionner la valeur de consigne, ATggyy,
comme la plus grande de la valeur de consigne
minimale, AT g, min, €t de la valeur de consigne
définie par le systeme, ATgqy, ov6 ATgetp = Max
{AT min ; AT

setp’ setp,sys}'

Procédé selon une quelconque des revendications
précédentes, dans lequel I'étape d’établissement
d’une différence de température, AT, comprend I'ob-
tention de la température, T4, du réfrigérant quittant
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I'échangeur de chaleur a rejet de chaleur (3) et I'ob-
tention de la température, T,,,,, de I'air ambiant de
I'échangeur de chaleur a rejet de chaleur (3).
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