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(54) Method for controlling gas pressure in cooling plant

(67) A method for monitoring gas pressure in a heat
rejecting heat exchanger in a cooling circuit is disclosed.
In the heat rejecting heat exchanger, pressure is control-
led by means of a control unit, said control unit controlling
at least one valve. The present capacity of one or more
compressors in the cooling circuit compared to a maxi-
mum capacity of the one or more compressors is estab-
lished. The maximum capacity may be the rated capacity
of the compressors, or it may be a maximum capacity
under the given circumstances and/or the given operat-
ing conditions. If the present capacity of the one or more
compressors is at least at a level corresponding to a pre-
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set percentage of the maximum capacity, a period of time
elapsed from a point in time where the compressor ca-
pacity reached said level is established. If the established
period of time has a duration which is longer than a pre-
set period of time, then it is concluding that the cooling
medium is in a gas loop operational mode.

Detecting a gas loop operational mode in an easy
manner allows an operator or a controller to adjust op-
eration of the cooling plant in such a manner that the
cooling medium is brought out of the gas loop operational
mode, thereby increasing the energy efficiency of the
cooling plant.
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Description
FIELD OF THE INVENTION

[0001] Theinvention relates to a method for controlling
of gas pressure in a heat rejecting heat exchanger of a
cooling plant. The invention also relates to a control unit
operating according to the method of the invention, and
to a plant with such a control unit.

BACKGROUND OF THE INVENTION

[0002] In cooling plants comprising heat rejecting heat
exchangers, such as agas cooler, gas cooler control may
not succeed, when faults in the pressure being measured
and/or faults in the temperature being measured at the
outlet of the gas cooler exceeds normally expected val-
ues. Fig. 1is a log P-h diagram showing how a read-out
of a slightly too high pressure (upper limit of Ap) may
result in the controller registering the pressure and/or the
temperature at the outlet of the heat rejecting heat ex-
changer, for instance the gas cooler, to be at the optimal
curve in point B in Fig. 1, while the physical situation, or
the actual condition, is shown in point A in Fig. 1. Thus,
while it is believed that the cooling plant is operated at
near optimal conditions, it is in fact operated in a very
energy inefficient manner. The problem is sometimes re-
ferred to as gas loop operation and may occur, where
the isothermal lines are approximately horizontal in the
log P-h diagram, as illustrated in Fig. 1.

[0003] Gas loop operation reduces the cooling capac-
ity to almost zero. It will result in the controller increasing
the capacity of the compressor to 100%, and after a cou-
ple of minutes, the controller will increase the reference
of the gas cooler.

SUMMARY OF THE INVENTION

[0004] Itis an object of the presentinvention to provide
a method for detecting and for recovering from gas loop
operation. Itis also an object to provide a control unit and
a plant with such control unit having limited gas loop op-
eration.

[0005] Accordingto afirstaspectthe presentinvention
provides a method for monitoring gas pressure in a heat
rejecting heat exchanger in a cooling circuit, said method
comprising the steps of:

- in the heat rejecting heat exchanger, controlling
pressure by means of a control unit, said control unit
controlling at least one valve,

- establishing the present capacity of one or more
compressors in the cooling circuit compared to a
maximum capacity of the one or more compressors,

- if the present capacity of the one or more compres-
sors is at least at a level corresponding to a pre-set
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percentage of the maximum capacity, establishing
a period of time elapsed from a point in time where
the compressor capacity reached said level,

- ifthe established period of time has a duration which
is longer than a pre-set period of time, then conclud-
ing that the cooling medium is in a gas loop opera-
tional mode.

[0006] In the present context the term 'cooling circuit’
should be interpreted to mean a refrigerant path in which
refrigerant is alternatingly compressed and expanded.
To this end a compressor, a heat rejecting heat exchang-
er, an expansion device and a heat consuming heat ex-
changer are arranged in the refrigerant path. The com-
pressor may be in the form of a single compressor or in
the form of a rack of two or more compressors. The heat
rejecting heat exchanger may be in the form of a con-
denseroragas cooler, depending on whether the cooling
circuit is operated subcritically or transcritically. The heat
consuming heat exchanger may be an evaporator.
[0007] Refrigerant is compressed in the compressor
before being supplied to the heatrejecting heat exchang-
er. In the heat rejecting heat exchanger, heat exchange
takes place with a secondary fluid flow across the heat
rejecting heat exchanger, in such a manner that the tem-
perature of the refrigerant flowing through the heat re-
jecting heat exchanger, via the refrigerant path, is re-
duced. In the case that the heat rejecting heat exchanger
is a condenser, gaseous refrigerant which enters the heat
rejecting heat exchanger is at least partly condensed. In
the case that the heat rejecting heat exchanger is a gas
cooler, gaseous refrigerant which enters the heat reject-
ing heat exchanger remains gaseous, but the tempera-
ture of therefrigerantis reduced. In any event, the cooling
circuitis capable of providing heating for a closed volume,
via the heat rejecting heat exchanger.

[0008] Therefrigerantisthensuppliedtothe expansion
device, where itis expanded before being supplied to the
heat consuming heat exchanger. In the heat consuming
heat exchanger, heat exchange takes place with a sec-
ondary fluid flow across the heat consuming heat ex-
changer, in such a manner that the temperature of the
refrigerant flowing through the heat consuming heat ex-
changer, via the refrigerant path, is increased. In the case
that the heat consuming heat exchanger is an evapora-
tor, liquid refrigerant entering the heat consuming heat
exchanger is at least partly evaporated in the heat con-
suming heat exchanger. Furthermore, the evaporatedre-
frigerant may be heated further, in which case superheat-
ed refrigerant leaves the heat consuming heat exchang-
er. In any event, the cooling circuit is capable of providing
cooling for a closed volume, via the heat consuming heat
exchanger. The refrigerant is then returned to the com-
pressor, and the cycle is repeated.

[0009] According to the method of the first aspect of
the invention the present capacity of one or more com-
pressors in the cooling circuit compared to a maximum
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capacity is established. In the present context the term
‘capacity’ should be interpreted to mean the work provid-
ed by the compressor(s). The capacity may be expressed
in terms of the electrical energy or power consumed by
the compressor(s), in terms of the amount of refrigerant
being compressed and displaced by the compressor(s),
in terms of the cooling load on the cooling plant, or in any
other suitable manner.

[0010] The present compressor capacity may be
measured. Alternatively, information regarding the
present compressor capacity may be inherently present
in the compressor controller, in which case the informa-
tion is simply provided by the compressor controller.
[0011] The maximum capacity may be the rated ca-
pacity of the one or more compressors, the rated capacity
being the maximum work which the compressor(s) is/are
designed to deliver. As an alternative, the maximum ca-
pacity may be a capacity limit which is defined by various
operating conditions of the cooling circuit, such as the
outdoor temperature, the indoor temperature, the design
of the cooling plant, the installation site, the desired tem-
perature of the equipment and/or goods to be cooled,
etc. For instance, the cooling plant may be over dimen-
sioned in the sense that the compressor(s) is/are poten-
tially capable of providing a significantly higher cooling
capacity than will ever be necessary in order to meet the
cooling load on the cooling plant. In this case the maxi-
mum capacity may be a specified percentage of the rated
capacity, such as 75% of the rated capacity, 80% of the
rated capacity, 90% of the rated capacity, or the like. The
maximum capacity may advantageously be a compres-
sor capacity which is required when the cooling load on
the cooling plant is at a maximum level.

[0012] If it is established that the present capacity of
the one or more compressors is at least at a level corre-
sponding to a pre-set percentage of the maximum ca-
pacity, it is investigated when this level was reached, and
for how long the compressor capacity has been at or
above this level. In other words, it is investigated whether
the one or more compressors is/are operating at a rela-
tively high capacity, at or close to the maximum capacity
as defined above, and has/have been doing so for a
while. If the compressor(s) is/are operating at a high ca-
pacity level during a continuous time period, it is an indi-
cation that the cooling plant is operating inefficiently, and
that the cooling medium may be in a gas loop operational
mode.

[0013] Accordingly, if the established period of time
has a duration which is longer than a pre-set period of
time, it is concluded that the cooling medium is in a gas
loop operational mode.

[0014] Thus, the method according to the first aspect
oftheinvention allows a gas loop condition to be identified
in an easy manner. This, in turn, allows the operation of
the cooling plant to be adjusted in such a manner that
the cooling medium is brought out of the gas loop oper-
ational mode. Furthermore, since the compressor capac-
ity has to be at a high level for at least a pre-set period
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of time, it is ensured that short spikes of high capacity
are not reacted upon. This is an advantage, because
such short spikes may be the result of fluctuations, rather
than indicating a gas loop operational mode.

[0015] The method may comprise the further step of
increasing the pressure of the cooling medium inside the
heat rejecting heat exchanger, if it is concluded that the
cooling medium is in a gas loop operational mode.
[0016] As shown in Fig. 1, when the pressure in the
heat rejecting heat exchanger (gas cooler) increases, the
pressure and the enthalpy of the cooling medium are
displacedinto aregion, where the isothermal curves have
a more pronounced slope. Thereby the operation of the
cooling plant is pulled away from gas loop operational
mode.

[0017] The pressure of the cooling medium may be
increased by 5-20 bars, such as by 7-15 bars, such as
by 8-10 bars, such as approximately 10 bars, or approx-
imately 5 bars, or approximately 20 bars.

[0018] Alternatively, the pressure of the cooling medi-
um may be increased by 1 %-15%, such as by 2%-12%,
such as by 5%-10%, such as by approximately 7%, or
approximately 5%, or approximately 10%.

[0019] The step of increasing the pressure may result
in a pressure increase which causes the present capacity
of the one or more compressors to decrease to below
95% of the maximum capacity, possibly to below 90% of
the maximum capacity, even possibly to below 80% of
the maximum capacity. According to this embodiment,
the pressure increase moves the cooling medium out of
the gas loop operation mode, and thereby operation of
the compressor(s) is moved away from the very high ca-
pacity level.

[0020] The method may further comprise the step of
decreasing the pressure of the cooling medium inside
the heat rejecting heat exchanger, if it can be concluded
that the cooling medium is no longer in a gas loop oper-
ational mode. According to this embodiment, the in-
creased pressure of the cooling medium inside the heat
rejecting heat exchanger is only maintained as long as
required in order to move the cooling medium out of the
gas loop operational mode. Once this has been obtained,
the pressure is once again reduced, and the cooling plant
is returned to normal operation.

[0021] The duration within which the pressure of the
cooling medium is increased may differ depending on
which percentage of the maximum capacity is decided
as being relatively high or full capacity of the one or more
compressors. For instance, if the percentage of the max-
imum capacity is decided as being 90%, the increase in
pressure will be terminated, when the present capacity
decreases to below 90% of the maximum capacity.
[0022] The pre-set percentage of the maximum capac-
ity of the one or more compressors may be at least 80%
of the maximum capacity, possibly at least 90% of the
maximum capacity, even possibly between 95% and
100% of the maximum capacity of the one or more com-
pressors, even more possible 100% of the maximum ca-
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pacity. In any event, the present capacity of the one or
more compressors should be very close to the maximum
capacity for a significant period of time before it can be
concluded that the cooling medium is in a gas loop op-
erational mode.

[0023] The pre-set period of time of a certain duration
may be at least one minute, preferably at least two min-
utes, possibly at least three minutes, even possible at
least four minutes, and even more possible at least five
minutes, possibly at the most 15 minutes.

[0024] The duration within which the one or more com-
pressors of the cooling plant operate at a capacity decid-
ed as being maximum capacity, or close to maximum
capacity, may differ depending on the installation site,
the outdoor and indoor temperature, the desired temper-
ature of the equipment and/or goods to be cooled, etc.
Therefore, under some conditions, a shorter period of
time is enough for concluding that the cooling medium is
in a gas loop operational mode, and under other condi-
tions a longer period of time is needed for concluding that
the cooling medium is in a gas loop operational mode.
[0025] The present capacity of the one or more com-
pressors may be established commonly for all the com-
pressors of the cooling circuit. According to this embod-
iment, the combined capacity of all of the compressors
is established in one go, and compared to the maximum
combined capacity. Thus, the sum of capacity of the en-
tire cooling plant is established for obtaining the capacity
of all compressors, if the cooling plant comprises more
than one compressor.

[0026] As an alternative, the present capacity of the
one or more compressors may be established individu-
ally for each compressor of the cooling circuit. According
to this embodiment, the capacity of each of the compres-
sors is established and compared to the maximum ca-
pacity for that compressor.

[0027] According to a second aspect the present in-
vention provides a control unit for monitoring pressure in
a heat rejecting heat exchanger of a cooling circuit com-
prising one or more compressors,

- said control unit comprising a pressure measuring
unit and a capacity establishing unit for measuring
the pressure of the cooling medium inside the heat
rejecting heat exchanger and for establishing the ca-
pacity of the one or more compressors, respectively,
and

- said control unit also comprising a timer for measur-
ing a period of time having elapsed from a point of
time, said point of time being when the present ca-
pacity of the compressors reaches a pre-set percent-
age of a maximum capacity, said timer communicat-
ing with said capacity establishing unit for establish-
ing, by means of the method according to the first
aspect of the invention, whether the cooling medium
is in a gas loop operational mode.
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[0028] The control unit according to the second aspect
of the invention is adapted to establish whether or not a
cooling medium of a cooling circuit is in a gas loop oper-
ational mode, by means of the method according to the
first aspect of the invention. Therefore the remarks set
forth above are equally applicable here.

[0029] Accordingtoathirdaspectthe presentinvention
provides a plant with a cooling circuit comprising one or
more compressors, said plant also comprising at least
one heat rejecting heat exchanger and a controller for
controlling pressure in the heat rejecting heat exchanger,
and

- said plant also comprising at least one valve for ad-
justing the pressure in the heat rejecting heat ex-
changer, and the plant also comprising a pressure
measuring unit and a capacity establishing unit for
measuring the pressure of the cooling mediuminside
the heat rejecting heat exchanger and establishing
the capacity of one or more compressors, respec-
tively, and

- said plant also comprising a timer for measuring a
period of time having elapsed from a point of time,
said point of time being when the present capacity
of the compressors reaches a pre-set percentage of
a maximum capacity, said timer communicating with
said capacity establishing unit for establishing, by
means of the method according to the first aspect of
the invention, whether the cooling medium is in a
gas loop operational mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The invention will now be described in further
detail with reference to the accompanying drawings in
which

Fig. 1 is a log P-h diagram illustrating a gas loop
operational mode of a cooling medium, and

Fig. 2 is a log P-h diagram illustrating the effect of
increasing the pressure of the cooling medium in a
gas cooler.

DETAILED DESCRIPTION OF THE DRAWINGS

[0031] Fig. 1is alog P-hdiagramiillustrating a gas loop
operational mode of a cooling medium in a cooling plant.
The cooling plant is operated transcritically, i.e. no phase
transition takes place during heat exchange in the heat
rejecting heat exchanger. Fig. 1 illustrates that when the
cooling medium is operated in a region where the iso-
thermal curve is relatively flat, small variations in pres-
sure results in large variations in enthalpy. Therefore a
measurement of the pressure of the cooling medium
leaving the gas cooler may lead the controller to believe
that the cooling medium is at the optimal operating point
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B. However, due to a small error in the measurement
(Ap), the cooling medium may in fact be at the very inef-
ficient operating point A. As a consequence, the cooling
plant is not operated in an optimal manner. Since this is
not registered by the controller, the operation of the cool-
ing plant continues to be inefficient. This situation is
sometimes referred to as gas loop operation.

[0032] Fig.2isalogP-hdiagram, similartothe diagram
of Fig. 1. Fig. 2 also illustrates the gas loop operational
mode described above with reference to Fig. 1. In Fig. 2
a small error (Ap) in the measurement of the pressure of
the cooling medium leaving the gas cooler may lead the
controller to believe that the cooling medium is at the
optimal operating point A, while it is in fact at the very
inefficient operating point B.

[0033] However, increasing the pressure level in the
gas cooler by AP changes the situation dramatically, be-
cause the operating points are thereby moved to aregion
of the isothermal curve which is much steeper. Thus, it
is clear from Fig. 2 that a small error (Ap) in the meas-
urement of the pressure of the cooling medium leaving
the gas cooler leads to only a small difference in enthalpy.
In other words, operating the cooling plant at operating
point A’ or at operating point B’ has no significant impact
on the efficiency of the cooling plant. Thus, it can be seen
that increasing the pressure of the cooling medium in the
gas cooler brings the cooling medium out of the gas loop
operational mode.

Claims

1. A method for monitoring gas pressure in a heat re-
jecting heatexchanger in a cooling circuit, said meth-
od comprising the steps of:

-inthe heatrejecting heatexchanger, controlling
pressure by means of a control unit, said control
unit controlling at least one valve,

- establishing the present capacity of one or
more compressors in the cooling circuit com-
pared to a maximum capacity of the one or more
compressors,

- if the present capacity of the one or more com-
pressors is at least at a level corresponding to
a pre-set percentage of the maximum capacity,
establishing a period of time elapsed from a
point in time where the compressor capacity
reached said level,

- if the established period of time has a duration
which is longer than a pre-set period of time,
then concluding that the cooling medium is in a
gas loop operational mode.

2. A method according to claim 1, said method com-
prising the further step of increasing the pressure of
the cooling medium inside the heat rejecting heat
exchanger, if itis concluded that the cooling medium
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10.

1.

is in a gas loop operational mode.

A method according to claim 2, wherein the pressure
of the cooling medium is increased by 5-20 bars.

A method according to claim 2 or 3, wherein the pres-
sure of the cooling medium is increased by 1%-15%.

A method according to any of claims 2-4, where the
step of increasing the pressure results in a pressure
increase which causes the present capacity of the
one or more compressors to decrease to below 95%
of the maximum capacity, possibly to below 90% of
the maximum capacity, even possibly to below 80%
of the maximum capacity.

A method according to any of claims 2-5, further com-
prising the step of decreasing the pressure of the
cooling medium inside the heat rejecting heat ex-
changer, if it can be concluded that the cooling me-
dium is no longer in a gas loop operational mode.

A method according to any of the preceding claims,
where the pre-set percentage of the maximum ca-
pacity of the one or more compressors is at least
80% of the maximum capacity, possibly atleast 90%
of the maximum capacity, even possibly between
95% and 100% of the maximum capacity of the one
or more compressors, even more possible 100% of
the maximum capacity.

A method according to any of the preceding claims,
where the pre-set period of time of a certain duration
is at least one minute, preferably at least two min-
utes, possibly at least three minutes, even possible
atleastfour minutes, and even more possible atleast
five minutes, possibly at the most 15 minutes.

A method according to any of the preceding claims,
where the present capacity of the one or more com-
pressors is established commonly for all the com-
pressors of the cooling circuit.

A method according to any of claims 1-8, where the
present capacity of the one or more compressors is
established individually for each compressor of the
cooling circuit.

Control unit for monitoring pressure in a heat reject-
ing heat exchanger of a cooling circuit comprising
one or more Compressors,

- said control unit comprising a pressure meas-
uring unit and a capacity establishing unit for
measuring the pressure of the cooling medium
inside the heat rejecting heat exchanger and for
establishing the capacity of the one or more
compressors, respectively, and
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- said control unit also comprising a timer for
measuring a period of time having elapsed from
a point of time, said point of time being when the
present capacity of the compressors reaches a
pre-set percentage of a maximum capacity, said 5
timer communicating with said capacity estab-
lishing unit for establishing, by means of the
method according to any of claims 1-10, whether
the cooling medium is in a gas loop operational
mode. 10

12. Plant with a cooling circuit comprising one or more
compressors, said plant also comprising at least one
heat rejecting heat exchanger and a controller for
controlling pressure in the heat rejecting heat ex- 15
changer, and

- said plant also comprising at least one valve
for adjusting the pressure in the heat rejecting
heat exchanger, and the plant also comprising 20
apressure measuring unit and a capacity estab-
lishing unit for measuring the pressure of the
cooling medium inside the heat rejecting heat
exchanger and establishing the capacity of one
or more compressors, respectively, and 25
- said plant also comprising a timer for measur-
ing a period of time having elapsed from a point
oftime, said point of time being when the present
capacity of the compressors reaches a pre-set
percentage of a maximum capacity, said timer 30
communicating with said capacity establishing
unit for establishing, by means of the method
according to any of claims 1-10, whether the
cooling medium is in a gas loop operational
mode. 35
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