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DESCRIPTION

[0001] The invention relates to a method of controlling an air cooled heat exchanger and a refrigerating system adapted to carry
out said method.

[0002] Refrigerating systems whose condensers are cooled by a plurality of fans are well-known in the art. It is also known to use
these fans to control the temperature of the refrigerant in the condenser. Prior art systems employ a plurality of fans with
individual on/off switches. For lowering the refrigerant temperature in the condenser additional fans are turned on, for raising the
temperature fans are switched off. However, these jumps in cooling performance do not allow for an accurate and efficient control
of the refrigerant temperature in the condenser.

[0003] US 5,230,223 discloses a refrigeration control system for operating a refrigeration system by controlling the refrigerant
pressure in the refrigerant line between the liquid receiver and the evaporator at a pressure which is just above that at which
bubbles ("flashgas") occur. Some of the devices that can be controlled by the system controller include condenser fans, pressure
control valves, reciprocating compressors, and screw compressors.

[0004] Accordingly, it would be beneficial to provide an accurate and efficient control of an air cooled heat exchanger over a wide
range of operating conditions.

[0005] Such control is achieved in accordance with the invention by the method of controlling an air cooled heat exchanger as
claimed in claims 1 and 9 as well as by the refrigerating system as claimed in claim 13.

[0006] In particular, it is disclosed a method of controlling an air cooled heat exchanger. The method comprises the steps of
providing an air cooled heat exchanger having a plurality of fans, each fan having a maxmum fan speed and an individual
enable/disable switch; running at least one fan; determining a deviation by comparing an actual temperature or pressure value at
the air cooled heat exchanger with a reference temperature or pressure value; calculating a fan speed control value from the
deviation; in case the fan speed control value reaches an upper fan speed limit value, lowering the fan speed control value and
enabling an additional fan; and running the enabled fans based on the fan speed control value.

[0007] It is further disclosed another method of controlling an air cooled heat exchanger. The method comprises the steps of
providing an air cooled heat exchanger having a plurality of fans, each fan having a maxmum fan speed and an individual
enable/disable switch; running at least two fans; determining a deviation by comparing an actual temperature or pressure value at
the air cooled heat exchanger with a reference temperature or pressure value; calculating a fan speed control value from the
deviation; in case the fan speed control value reaches a lower fan speed limit value, raising the fan speed control value and
disabling one of the fans; and running the enabled fans based on the fan speed control value.

[0008] Embodiments of the invention are described in greater detail below with reference to the figures wherein:
FIG. 1 shows a schematic of the fans of an air cooled heat exchanger and the controlling means thereof;
FIG. 2 shows a block diagram illustrating an exemplary signal flow for controlling the fans;

FIG. 3 shows an exemplary function of the fan speed over time in the case of a persisting positive control deviation.

[0009] FIG. 1 shows an array of five fans 2, which are oriented to blow air at a heat exchanger and are controlled in accordance
with an exemplary embodiment of the present invention. The fans 2 are designed in a way that a supplied control voltage
determines the fan speed. When connected to the power supply, the fans 2 run at the nominal fan speed. The fans 2 have a
maximum fan speed Syyax which may be equal to the nominal fan speed or may be higher.

[0010] The first fan 2a is connected to a voltage control node, which in turn is connected to a speed adjuster 6. The speed
adjuster 6 is connected to the controller 4 via two lines, an input signal line and an enable line. The controller 4 comprises an
input (not shown) for receiving a temperature or pressure value and computing means (not shown). The computing means may
be implemented in analogue technology or digital technology, in hardware or software, in any combination of these options, or in
any other suitable manner. In an exemplary embodiment, the computing means may comprise a processor, a nonvolatile memory
(e.g. ROM) for storing program data and/or parameters, and a volatile memory (e.g. RAM) for storing intermediate results and/or
previous inputs.
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[0011] The controller 4 comprises a switch S1, which connects/disconnects the enable line between the speed adjuster 6 and the
controller 4 using a predetermined enable voltage. Furthermore, controller 4 comprises switches S2, S3, S4, and S5. Each switch
connects one fan to the control voltage node, respectively. In other words, S2 opens/closes a connection from the control voltage
node to fan 2b, S3 opens/closes a connection from the control voltage node to fan 2c, etc.

[0012] The controller 4 comprises a further switch Sn+1. Switch Sn+1 establishes a connection to an emergency services line,
which controls a switch for switching between the control voltage node being connected to the speed adjuster 6 and the control
voltage node being connected to the power supply.

[0013] The controlling operation of the fans 2 according to the exemplary embodiment of FIG. 1 is explained as follows:

[0014] The computing means of the controller 4 compute a desired fan speed and determine, which of the fans 2 are enabled.
Based on these results, appropriate ones of the switches S1-S5 are closed. S1 implicitly switches on fan 2a, as S1 enables the
speed adjuster 6, whose output controls the voltage at the control voltage node in normal operation, which fan 2a in turn is
connected to. Switches S2-S5 directly control the connection between the voltage control node and the fans 2b-2e, respectively.
However, as S1 enables the speed adjuster in the exemplary embodiment of Figure 1, the switches S2-S5 enabling the fans 2b-
2e is contingent on S1 being closed. The controller 4 outputs a fan speed control value indicating the desired fan speed to the
speed adjuster 6 via the input signal line. In the exemplary embodiment of FIG. 1, the fan speed control value has a voltage value
between 0 Volt and 10 Volt, which the speed adjuster 6 is able to interpret as a desired fan speed. As is apparent to a person
skilled in the art, that communication between the controller and the speed adjuster may be effected by various signals with
various signal ranges. Having knowledge about the fan speed dependency on the supplied voltage, the speed adjuster 6 holds
the control voltage node to a value appropriate for causing the fans to run at the desired fan speed. It is understood that this
voltage control of the fans is exemplary only. However, using DC-controlled fans provides for a particularly intuitive example. The
speed adjuster 6 may also comprise a frequency converter or a phase control or other means to achieve the desired fan speed.
The speed adjuster may be able to provide power to the fans in a way that causes them to run at a higher fan speed than their
nominal fan speed when connected to the power supply.

[0015] As mentioned above, the controller 4 receives an actual temperature or pressure value of the air cooled heat exchanger
as an input. This value is measured by a sensor. The sensor is placed at an appropriate location. In case pressure is sensed, the
sensor is placed in the refrigerant portion of the air cooled heat exchanger. In case temperature is sensed, the sensor may be
placed inside the refrigerant portion or about, preferably in close proximity of, the refrigerant portion of the air cooled heat
exchanger. The controller 4 either receives a reference temperature or pressure value as an additional input or has said
reference temperature or pressure value stored internally. By subtracting the reference temperature or pressure value from the
actual temperature or pressure value the controller 4 computes a deviation value, which is also referred to as a control error
hereinafter. This deviation may also be computed outside of the controller 4 and readily supplied to it as an input.

[0016] The controller 4 determines, which fans are enabled and computes the fan speed control value based on said deviation
value and a number of parameters. In the exemplary embodiment, the parameters comprise the maximum fan speed Siax

mentioned above, a lower fan speed limit value S| | , and an upper fan speed limit value Sy_. The lower fan speed limit S| value

is a value, under which the fans should not be run. This value may be the product of different considerations. For example, the
efficiency of a fan may be unacceptable below said lower fan speed limit value S|, or the fan may cause resonances at a

frequency that is dangerous for other parts of the system. Usually the lower fan speed limit value S| is below 20% of the

maximum fan speed Sy 5% preferably it lies between 10% and 15% of the maximum fan speed Syax.

[0017] Similarly, a number of considerations lead to setting an upper fan speed limit value Sy, above which the fans 2 should

not be run, unless specific circumstances, for example the need for an emergency operation, arise. These considerations may
comprise the decreased efficiency of fans above a certain fan speed or the increased noise generated by the fans running at an
increased fan speed or others. A typical upper fan speed limit value Sy is derived by adding a value from 40% to 60% of the

maximum fan speed Spygx to the lower fan speed limit value S|, depending on the considerations outlined above and other
system aspects.

[0018] In the exemplary embodiment of FIG. 1, the controller 4 keeps the fan speed control value below the upper fan speed limit
value Sy, at least as long as not all fans are enabled. It may also be preferable that the controller 4 further keeps the fan speed

control value above the lower fan speed limit value S| | . For an efficient control of the air cooled heat exchanger, the controller 4

sets the fan enable switches and the fan speed control value appropriately.
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[0019] The controlling operation of the controller 4 shall be described in more detail, starting with an example for the sake of
clarity. At a given point in time tg, a given number of fans, for example 2 (2a, 2b), are running at a given fan speed, for example
30% of the maximum fan speed Spgx The lower fan speed limit value S| and the upper fan speed limit value Sy may in this
example be 10% and 50% of the maximum fan speed Sy, respectively. As the fan speed has an influence on the performance
of the air cooled heat exchanger, the controller 4 uses the fan speed control value to control the actual temperature or pressure

in or around the air cooled heat exchanger. The controller 4 adjusts the fan speed control value in order for the actual
temperature or pressure value to reach the desired reference temperature or pressure value, i.e. to zero out the control error.

[0020] Many algorithms for adjusting a control value, in this case the fan speed control value, based on either the current control
error value only or the current control error value and previous control error values are well-known in the art. Such control
algorithms include for example P-, Pl-, and PID-controls. The parameters of these control algorithms may be adapted to the
particular system to be controlled. An in-depth discussion of these algorithms shall be omitted for brevity. Although the use of the
aforementioned and other controls is generally possible with the present invention, it has been found that controllers
implementing the Pl-control yielded the best results. Pl-controls are efficient at making the control error zero without exhibiting too
sensitive reactions to temporary fluctuations. Regardless of the particular algorithm used, the term "control algorithm" shall be
used hereinafter as a general term for an appropriate algorithm.

[0021] Using the control algorithm, the controller 4 may for a certain series of control errors increase the fan speed control value,
in the foregoing example above 30% of the maximum fan speed Sy,ax Before the controller 4 outputs the fan speed control value
to the speed adjuster 6, it performs a check whether the fan speed control value is below the upper fan speed limit value Sy. If
the fan speed control value equals (possibly +/- some little tolerance) the upper fan speed limit value Sy, the controller 4 of the
embodiment of Fig. 1 will carry out two actions: enabling an additional fan, in the foregoing example fan 2c, and lowering the fan
speed control value to an updated fan speed control value. As reaching the upper fan speed limit value Sy shows that the fans
are on the border of being run in an undesired fan speed range, enabling an additional fan is the preferred means to raise the
cooling performance of the air cooled heat exchanger. The lowering of the fan speed control value, associated with the enabling
of an additional fan, is important to reduce the jump in cooling performance caused by the enabling of an additional fan. In the
foregoing example the updated fan speed control value may be 40% of the maximum fan speed Sy g% which is the new staring
point for the control algorithm. In general terms, the control algorithm implemented in the controller 4 has to handle this
"overruling” by the controller 4, associated with the enabling of an additional fan, and operate with an updated value for the fan
speed control value, i.e. the output value of the control algorithm.

[0022] Similarly, when the fan speed control value reaches the lower fan speed limit value S|, the controller 4 of the

embodiment of Fig. 1 will disable one of the running fans and will raise the fan speed control value to an updated value, before
outputting it to the speed adjuster 6.

[0023] A special case arises when all fans 2a-2e are running. When the fan speed control value reaches the upper fan speed
limit value Sy in this scenario, the controller 4 cannot enable an additional fan. Therefore, it ignores the upper fan speed limit
value SyL as the border of the desired fan speed range. The control algorithm may then, depending on the development of the
control error, raise the fan speed control value up to the maximum fan speed Syax The controller 4 also comprises a switch
Sn+1, which connects fan 2a and the fans 2b-2e, which are enabled by their respective switches S2-S5, to the power supply.
Connected to the power supply, they will run at their nominal fan speed. This gives the controller 4 a means for reaching the
nominal maximum cooling performance quickly without relying on the control algorithm and the speed adjuster 6.

[0024] It is noted that the system of FIG. 1 is exemplary only and many modifications can be thought of. For example, the
switches S2-85 could be integrated into the fans 2b-2e, in which case the controller 4 would send signals for controlling these
switches. Also the speed adjuster 6 could for example be integrated into the controller 4. Furthermore, the arrangement of the
fans 2 could be different, i.e. not in an array. Also, the switch-fan-interrelation could be different. For example, the fan to the very
right in Fig. 1 could be enabled second or other enabling orders could be thought of.

[0025] FIG. 2 shows a block diagram of an exemplary embodiment of the invention, which puts emphasis on the signal flow and
shows the embodiment in a more abstract way. Subtracting means subtract the reference temperature or pressure value 10 from
the actual temperature or pressure value 8 to produce a deviation value, which is also referred to as control error 12. The control
error 12 is input to the controller 4. The controller 4 processes the control error 12 and produces two outputs. One output is the
fan enable/disable signal 16, which comprises a plurality of individual enable/disable signals, one for each fan. The other output is
a fan speed control value 14, which is input to the speed adjuster 6. The speed adjuster 6 generates a fan driving signal 18
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based on the fan speed control value 14. Said fan driving signal 18 is of such a value and form that it drives the fans with a fan
speed corresponding to the fan speed control value 14. The plurality of fans 2 receives the fan enable/disable signal 16 and the
fan driving signal 18. Based on these signals, an appropriate number of fans is run at an appropriate fan speed, as determined
by the controller 4. This has an influence on the actual temperature and/or pressure in/at the air cooled heat exchanger.
Therefore, the actual temperature or pressure value 8 is influenced by the fans, which constitutes feedback to the controller 4
and closes the control loop.

[0026] FIG. 3 shows an exemplary course of the fan speed of an air cooled heat exchanger over time. At time t1, the fan speed
jumps from zero to the lower fan speed limit value S| . From there it increases linearly until it reaches the upper fan speed limit
value Sy shortly before time to. The fan speed stays constant at Sy and falls down to about 50% of the upper fan speed limit
value Sy at time to. From there it increases again linearly, until it reaches Sy shortly before t3. The fan speed stays constant at
SyL until t3, when it drops down to about two thirds of the upper fan speed limit value Sy_. Two similar cycles follow: the fan
speed rises, reaches Sy shortly before t4, stays constant until t4, drops down to about 75% of Sy, rises linearly, reaches Sy
shortly before ts, stays constant at Sy until t5, and falls down to about 80% of the upper fan speed limit value Sy at time ts.
From t5 on the fan speed rises linearly again, passing the upper fan speed limit value Sy, until it reaches the maximum fan

speed Smax at time point tg. From tg on the fan speed stays constant at the maximum fan speed Syax

[0027] The just described course of the fan speed is based on the assumption that the control is started at time point t1 and that

a positive control error persists throughout the whole time frame depicted in FIG. 3. That means, for example, that the actual
temperature value at the air cooled heat exchanger is greater than the desired reference temperature value throughout the time
period of FIG. 3. Despite being a fairly academic example, FIG. 3 shows the operation of the controller 4 well, especially the two-
stage approach implemented in the controller 4 and described below.

[0028] As mentioned above, at t4 the control is started. The controller 4 closes switch S1 (cf. FIG. 1) and sets the fan speed
control value 14 to the lower fan speed limit value S| . From t1 on a control algorithm, which is implemented in the controller 4

and has been described with regard to FIG. 1, calculates the fan speed control value 14 based on the control error 12. In this
example the fan speed is gradually increased by that control algorithm, which is a product of the persisting positive control error.
This control algorithm can be seen as a first stage of the control functionality implemented in the controller 4.

[0029] The second stage of the controlling functionality becomes apparent shortly before to, when the fan speed control value,
as calculated by the control algorithm, reaches the upper fan speed limit value Sy. This second stage monitors the outcome of

the control algorithm and overrules it, when appropriate in the light of additional considerations. When the fan speed control
value, as calculated by the control algorithm, exceeds the upper fan speed limit value Sy, the controller 4 overrules said value

and sets it to the upper fan speed limit value Sy, until the output of the control algorithm drops below Sy again or until a
predetermined time period, called time delay, has passed. During that time the controller 4 outputs the upper fan speed limit value
SyL as the fan speed control value 14 to the speed adjuster 6. The fan speed control value, as computed by the control
algorithm, reaching the upper fan speed limit value Syi indicates to the controller 4 that one fan is not sufficient to reach the
desired reference temperature or pressure value. However, enabling the second fan 2b is delayed by the controller 4 until time
point to. In the meantime the controller 4 keeps the fan speed control value 14 constant at Syi. This feature is optional for the
present invention; it may be beneficial, though, depending on the circumstances. If the fan speed control value, as computed by
the control algorithm, dropped below the upper fan speed limit value Sy again before the time delay, the controller 4 would not
enable an additional fan and would output that fan speed control value to the speed adjuster 6. Introducing said time delay is
especially beneficial when short-term pressure or temperature fluctuations in the air cooled heat exchanger can be expected or
when the system of the air cooled heat exchanger is slow in responding to changes of the fan speed. The time delay also helps to
prevent unnecessary enable/disable operations of the fans.

[0030] At time point to the controller 4 closes switch S2 and, therewith, enables fan 2b. Together with said enabling of the second

fan, the controller 4 also reduces the fan speed control value, which is output to the speed adjuster 6. This lowering of the fan
speed control value 14 is carried out according to the formula

_S,_,L*(NRF—])
TN,

wherein S is the fan speed control value and NRf is the number of running fans including the fan enabled with the lowering of the
fan speed control value 14. Accordingly, NRrr equals 2 in the lowering operation at tp. As a consequence, the fan speed control
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value is set to 50% of the upper fan speed limit value Sy at time point to. The formula for the lowering operation of the fan speed

control value 14 is designed in such a way that the total cooling performance of the plurality of fans 2 is kept roughly constant,
when an additional fan is enabled. At time point t, fan 2b is enabled and the two fans 2a and 2b are run at half of the fan speed

that fan 2a was run at before the enabling of fan 2b. This allows for preventing a discontinuity in cooling performance at to on a

first order scale. Secondary considerations like, for example, the non-linearity of the cooling performance of the fans with regard
to their fan speed or the dependency of the total cooling performance on the area of the air cooled heat exchanger affected by
the fans (the more fans are running, the bigger the cooled area is) may lead to modifications of the formula given above. These
modifications may lead to being even more efficient at keeping the total cooling performance constant, when enabling an
additional fan.

[0031] Also at tp, the control algorithm is given the information that the controller 4 overruled its output and sets the fan speed
control value 14 to 50% of the upper fan speed limit value SyL. The control algorithm keeps adjusting the fan speed control value
14 from t2 on, using 50% of SyL as its starting output value. As before, i.e. between t1 and tp, the control algorithm bases its

adjustments to the fan speed control value 14 on the current and/or previous control error values.

[0032] The operations performed by the controller 4 at time points t3, t4, and ts5 are conceptually identical as at to. At t3 the

controller 4 enables the third fan 2c and runs the now enabled three fans at a fan speed of two thirds of the upper fan speed limit
value SyL. Enabling additional fans and reducing the fan speed control value is carried out accordingly at t4 and tsg. Based on

the control error value 12 the control algorithm raises the fan speed control value after t5. As there are no additional fans

available, which could be enabled by the controller 4, the controller 4 refrains from overruling the fan speed control value
computed by the control algorithm, when the fan speed control value reaches the upper fan speed limit value Sy|_ soon after time

point t5. With all fans enabled, the control algorithm increases the fan speed control value further, until it reaches the maximum
fan speed Sy at time point tg. From tg on the controller 4 overrules again the fan speed control value, as computed by the
control algorithm. The controller 4 either sets the fan speed control value to the maximum fan speed Syjgx and outputs said value

to the speed adjuster 6 or it closes switch Sn+1 to connect all fans to the power supply, which will run the fans at their nominal fan
speed (assuming the maximum fan speed Sy,5x and the nominal fan speed to be equal in this example). Switch Sn+1 is in general

used in emergency situations, e.g. the speed adjuster not working properly. Such a situation may be detected by an intelligent
sensor, which triggers an alarm, which in turn leads to switch Sn+1 being closed.

[0033] The control algorithm may be different depending on the number of fans running. However, in the exemplary embodiment
of Fig. 3, the same control algorithm is used irrespective of the number of fans running.

[0034] Similar considerations apply when the control algorithm decreases the fan speed control value and said value reaches
the lower fan speed limit value Si|. In this case, operations analogous to the fan speed control value reaching the upper fan
speed limit value Sy_ may be performed by the controller 4. For the sake of brevity, a detailed description thereof shall be

omitted. However, a number of comments are made below. When two or more fans are running and the control algorithm outputs
the lower fan speed limit value S| | as the fan speed control value, the controller 4 may disable one of the running fans and raise

the fan speed control value (before outputting it to the speed adjuster 6) according to the formula
S, (N get1)
c NRF v

wherein S| | is greater than 0 and NRg is the number of running fans excluding the fan that is disabled with the raising of the fan
speed control value. Also, a time delay may be introduced between reaching the lower fan speed limit value S| and the disabling

of one of the fans.

[0035] When only one fan is running and the fan speed control value 14, as computed by the control algorithm, reaches S| |, the
controller 4 may either disable the last running fan or it may allow values between the lower fan speed limit value S| | and zero.

Due to the typical fan engine characteristics disabling may be the preferred choice in many applications.

[0036] It is pointed out that the above described behavior, when reaching the upper fan speed limit value Sy, and the above
described behavior, when reaching the lower fan speed limit value S| |, are not necessarily implemented in one embodiment of

the invention. In a preferred embodiment an additional fan is enabled and the fan speed control value is lowered after a time
delay, when it reaches the upper fan speed limit value Sy, whereas the controller 4 only disables one of the running fans without

updating the fan speed control value, when the lower fan speed limit value S| |_is reached. It is then left up to the control algorithm
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to adjust the fan speed control value starting at the lower fan speed limit value S| |, depending on the current and/or previous

control errors.

[0037] It is noted that the embodiments of the invention may conceptually by applied to all combinations of primary and
secondary mediums in the heat exchanger. The secondary medium, which is blown over the heat exchanger by the fans, is
typically air, but may also be air enriched with additional substances for generating a greater thermal capacity or any other
suitable fluid. The primary medium may also be any fluid suitable to the refrigerating system of the according embodiment. Said
primary substance may be CO2, which may be in a transcritical state or in a subcritical state in the heat exchanger.

[0038] Exemplary embodiments of the invention as described above allow for an efficient and accurate control of an air cooled
heat exchanger, especially under partial load conditions. They further allow for running an optimal number of fans and running
those fans at an appropriate fan speed, depending on the system itself and on the momentary system conditions. The intertwined
control of the number of fans running and the fan speed allows for the control to avoid an undesired fan speed range above the
upper fan speed limit value, unless necessary under high load conditions. The control allows for an excellent trade-off between
the power needed, the efficiency of the fans, the noise generated by the fans, and the number of enabling/disabling events
necessary. Furthermore, efficient and continuous control of the air cooled heat exchanger is assured by combining an
enabling/disabling event with adjustments in fan speed. The exemplary embodiments have furthermore been proven to be
extremely advantageous in the case of a heat exchanger for heat recovery being inserted before the air cooled heat exchanger,
which in the prior art imposes big problems for the controls of the air cooled heat exchanger.

[0039] In a further embodiment of the invention, the lowering of the fan speed control value is done in a way that the total fan
cooling performance is prevented from having large discontinuities. This ensures that a change in the number of running fans
does not have an immediate drastic effect on the actual temperature or pressure value in/at the air cooled heat exchanger, which
would cause a discontinuity in the control error. Not having to deal with these discontinuities ensures that the control can operate
accurately in a continuous fashion over a wide range of operating conditions.

[0040] It is also possible that the lowering of the fan speed control value is carried out according to the formula
s :SUL*(NRF—I)
c NRF ’

wherein S is the fan speed control value and NRf is the number of running fans including the fan enabled in combination with the

lowering of the fan speed control value. Assuming that the cooling performance of a fan depends linearly on its fan speed, this
formula ensures that the effects of enabling another fan and lowering the fan speed control value on the total cooling
performance cancel each other out and that a continuous total fan cooling performance is ensured. Even in the presence of
secondary effects, this formula provides an excellent means for ensuring continuous control.

[0041] In a further embodiment, the upper fan speed limit value is between a lower fan speed limit value plus 40% of the
maximum fan speed and the lower fan speed limit value plus 60% of the maximum fan speed. Preferably, the lower fan speed limit
value is below 20% of the maximum fan speed, and more preferably, it is between 10% and 15% of the maximum fan speed. Fan
speeds below the lower fan speed limit value are prone to cause resonance problems in the air cooled heat exchanger and the
surrounding system, and are therefore avoided by the control. The aforementioned value range for the upper fan speed limit
value has been found to provide a good threshold, where running more fans with a fan speed below said upper fan speed limit
value is more beneficial than running less fans at a fan speed above said upper fan speed limit value. This threshold value
incorporates a compromise between the power needed by the air cooled heat exchanger, the efficiency of the fans, and the noise
generated by the fans. As is apparent to persons skilled in the art, this border value may be adjusted for every system
individually. For specific embodiments, it has been found beneficial if the upper fan speed limit value is the lower fan speed limit
value plus 50% of the maximum fan speed.

[0042] In yet another embodiment of the invention, the fan speed control value is bound by the maximum fan speed, when all
fans are enabled. That means that the considerations leading to setting the upper fan speed limit value may be ignored if running
all fans at a fan speed above the upper fan speed limit value is necessary for reaching a desired cooling performance. In other
words, the fan speed control value may exceed the upper fan speed limit value, when all fans are enabled.

[0043] In an exemplary embodiment of the invention, an enabling time delay is introduced between the fan speed control value
reaching the upper fan speed limit value and the enabling of an additional fan. This enabling time delay takes into account that
the response of an actual temperature or pressure value in the air cooled heat exchanger to any changes in the fan cooling
performance exhibits a finite delay period. As this actual temperature or pressure value is fed back to the control of the fans,
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introducing the enabling time delay allows for preventing unnecessary enable actions of additional fans by the control method. It
is also possible that the fan speed control value is kept constant at the upper fan speed limit value during the enabling time delay.

[0044] With according features added to the method of controlling the air cooled heat exchanger with regard to disabling one of
the running fans, when the fan speed control value reaches the lower fan speed limit value, analogous advantages can be
attained. An in-depth description thereof shall be omitted for brevity.

[0045] Moreover, the step of calculating a fan speed control value from the deviation may employ a Pl-control algorithm.

[0046] It is also possible that the step of driving the enabled fans comprises providing a fan speed control value signal to a
speed adjuster that controls the fans according to the fan speed control value signal. Having the speed adjuster as a separate
unit allows for placing that unit at an optimum location and optimizing it with regards to its power electronics functionality.

[0047] In another embodiment of the invention, the actual temperature or pressure value is sensed by a temperature or pressure
sensor, respectively. A pressure sensor may be placed in the refrigerant portion of the air cooled heat exchanger and be adapted
to communicate the sensed values to a unit capable of carrying out the control method. A temperature sensor may be located
within the refrigerant portion or around the refrigerant portion of the air cooled heat exchanger.

[0048] Alternatively, the actual pressure in the air cooled heat exchanger may be sensed, and the sensed pressure value may
be used to derive the momentary condensation temperature in the air cooled heat exchanger. This derivation is possible as
temperature and pressure are interrelated. It may for example be beneficial in cases, when a certain amount of cooling below the
condensation temperature is the control target and the actual temperature is measured at some location in the system, for
example around a second heat exchanger. Since pressure sensors usually have a quicker response to pressure value changes
than temperature sensors to temperature value changes, this setup may be beneficial in giving the control a faster feedback
about the the air cooled heat exchanger.

[0049] The method of the invention may be carried out by a refrigerating system comprising an air cooled heat exchanger having
a plurality of fans, wherein the air cooled heat exchanger has a controller associated therewith. The advantages associated with
the various embodiments of the invention may equally be attained by adapting said refrigerating system in such a way that it is
capable of carrying out these features. The refrigerating system may further comprise a speed adjuster controlling the fans
according to a fan speed control value signal.

[0050] While the invention has been described with reference to exemplary embodiments, it will be understood by those skilled in
the art that various changes may be made and equivalents may be substituted for elements thereof without departing from the
scope the invention. In addition, many modifications may be made to adapt a particular situation or material to the teachings of
the invention without departing from the essential scope thereof. Therefore, it is intended that the invention not be limited to the
particular embodiments disclosed, but that the invention will include all embodiments falling within the scope of the appended
claims.

Reference Numerals

[0051]
2
Plurality of fans
4
Controller
6
Speed adjuster
8
Actual temperature or pressure value
10
Reference temperature or pressure value
12
Control error
14

Fan speed control value
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16

Fan enable/disable signal
18

Fan driving signal
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PATENTKRAYV
Fremgangsmade til at styre en luftkelet varmeveksler, hvor fremgangsméden om-
fatter trinnene:
at tilvejebringe en luftkaolet varmeveksler, der har flere blaesere (2), kendete -
gnet ved at hver bleeser er justerbar i blaeserhastighed, har en maksimal bleeser-
hastighed (S,.) ©og har en individuel aktiverings/afbryder-kontakt (S1-85), og
yderligere omfatter trinnene at drive mindst én blaeser (2),
at bestemme en afvigelse (12), ved at sammenligne en aktuel temperatur- eller
trykveerdi (8), der er méalt af en temperatur- eller tryksensor i en kgledel af den
luftkolede varmeveksler, med en temperatur- eller trykreferencevaerdi (10),
at beregne en blaserhastighedsstyringsvaerdi (14) fra afvigelsen, og hvis blaeser-
hastighedsstyringsveerdien (14) nar en ovre blaserhastighedsgransevardi (Sy.),
at reducere bleeserhastighedsstyringsvardien (14) og aktivere en ekstra blaeser, og
at drive alle aktiverede bleesere ud fra bleeserhastighedsstyringsvardien (14).
Fremgangmade ifelge krav 1, hvor reduktionen af blaeserhastighedsstyringsvardien
(14) udfgres pd en méade, hvorpa bleesernes samlede kaleevne forhindres i at have
store diskontinuiteter.
Fremgangmade ifelge krav 1 eller 2, hvor reduktionen af blaeserhastighedsstyrings-
vaerdien (14) udferes ifglge formlen
SC:SUL*(NRF—I) '
NR.F
hvor S; er blaserhastighedsstyringsveerdien (14), og Nge er antallet af aktiverede
bleesere inklusiv den blaser, som aktiveres i kombination med reduktionen af blee-
serhastighedsstyringsvaerdien (14).
Fremgangsmade ifolge et hvilket som helst af de foregdende krav, hvor den gvre
bleeserhastighedsgraenseveerdi (Sy) er mellem en nedre blaserhastighedsgranse-
veerdi (S.) plus 40% af den maksimale bleeserhastighed (S,,.x) 0g den nedre blee-
serhastighedsgransevaerdi (S,) plus 60% af den maksimale blaeserhastighed
(Smax) -
Fremgangsmade ifglge krav 4, hvor den ovre blaserhastighedsgraenseveaerdi (Sy)
er den nedre blaserhastighedsgraenseveerdi (S;) plus 50% af den maksimale blae-
serhastighed (Spa)-
Fremgangsmade ifelge et hvilket som helst af de foregdende krav, hvor blaeserha-
stighedsstyringsveerdien (14) er begraenset af den maksimale bleeserhastighed
(Smax), Nar alle bleesere er aktiveret.
Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor en aktive-
ringstidsforsinkelse indfgres mellem, at blaeserhastighedsstyringsvardien (14) nar

den ovre bleeserhastighedsgreensevaerdi (S ) og aktiveringen af en ekstra blaeser.
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Fremgangsmade ifglge krav 7, hvor bleeserhastighedsstyringsveerdien (14) holdes
konstant ved den ovre blaeserhastighedsgraenseveerdi (Sy.) under aktiveringstids-
forsinkelsen.

Fremgangsmade til at styre en luftkelet varmeveksler, hvor fremgangsméden om-
fatter trinnene:

at tilvejebringe en luftkglet varmeveksler, der har flere bleesere (2), k endet e -
gnet ved at hver blaeser er justerbar i blaeserhastighed, har en maksimal bleeser-
hastighed (S,.) og har en individuel aktiverings/afbryder-kontakt (S1-S5), og
yderligere omfatter trinnene at drive mindst to blaesere (2),

at bestemme en afvigelse (12) ved at sammenligne en aktuel temperatur- eller
trykvaerdi (8), der er malt af en temperatur- eller tryksensor i en koledel af den
luftkelede varmeveksler, med en temperatur- eller trykreferenceveerdi (10),

at beregnhe en blaeserhastighedsstyringsvaerdi (14) fra afvigelsen, og hvis blaeser-
hastighedsstyringsvardien (14) nar en nedre blaeserhastighedsgransevardi (S.),
at foroge blaeserhastighedsstyringsveerdien (14) og afbryde én af blaeserne, og

at drive alle de aktiverede bleesere ud fra blaeserhastighedsstyringsvaerdien (14).
Fremgangmade ifglge et hvilket som helst af de foregdende krav, hvor trinnet at

beregne anvender en Pl-styringsalgoritme.

. Fremgangmade ifglge et hvilket som helst af de foregdende krav, hvor trinnet at

drive de aktiverede blasere omfatter at forsyne et blaeserhastighedsstyringsveerdi
(14)-signal til en hastighedsstyringsenhed (6), der styrer blaserne ifglge blaeser-
hastighedsstyringsveerdi (14)-signalet.

Fremgangsmade ifglge et hvilket som helst af kravene 1 til 11, hvor det aktuelle
tryk i den luftkelede varmeveksler méales, og den malte trykveerdi anvendes til at
udlede kondensationstemperaturen i det gjeblik i den luftkelede varmeveksler.
Kolesystem, der omfatter en luftkolet varmeveksler, der har flere blaesere (2), hvor
den luftkelede varmeveksler har en styringsenhed (4) tilknyttet dertil, hvor sty-
ringsenheden er indrettet til at udfere fremgangsmaéden ifelge et hvilket som helst
af kravene 1 til 12.

Kolesystem ifelge krav 13, hvor kelesystemet yderligere omfatter en hastighedssty-
ringsenhed (6), der styrer bleeserne ifolge et blaserhastighedsstyringsvaerdi (14)-

sighal.
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