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Description

[0001] The present invention relates, in a first aspect thereof, to a method for controlling overheating or superheating
in compression refrigeration cycles with a regenerative heat exchanger.
[0002] In a second aspect thereof, the present invention relates to a system for the implementation of the inventive
method.

BACKGROUND OF INVENTION

[0003] As is known, the objective of the control system in compression refrigeration cycles is to maximize the thermal
power taken by the evaporator from a heat-carrying fluid, normally the air of a cooling chamber of an air-conditioned
area, at the same time avoiding sending a two-phase mixture to the compressor, which could damage it.
[0004] In conventional refrigeration cycles, the terminal section of the evaporator acts as a superheater, so as to send
dry superheated vapour to the compressor.
[0005] In particular, the control objective is achieved with a simple feedback operation, where the level of superheating
is measured at the evaporator outlet and the opening of the thermal expansion valve at the evaporator inlet is suitably
modulated so that superheating remains around an opportune "SET POINT" value or reference point. The latter must
be sufficiently high to ensure the absence of liquid drops at the compressor intake, with a safety margin during the
transients, but at the same time it must be restricted to avoid high gas delivery temperatures. In any case, the presence
of the superheating section forces the evaporator to work at a temperature, and therefore at a pressure, lower than that
which it would be possible to achieve in the absence of the section, penalizing the cooling efficiency.
[0006] It is also known that it is possible to significantly improve this efficiency by using the waste heat of the high-
temperature refrigerating fluid at the outlet of the condenser to superheat the refrigerating fluid in a heat recuperator
separate from the evaporator. In this way, it is possible to reduce the temperature difference between evaporating fluid
and air to be cooled at will, provided that the convective exchange surface and/or coefficient between the two is increased,
thereby improving the cycle’s thermodynamic efficiency.
[0007] In this plant engineering or structural configuration, the first control objective is to maintain the vaporization
ratio at the evaporator outlet at a predetermined value of less than one, possibly at a value close to that of dry-out so
as to ensure the best possible use of the heat exchange surface. The second objective is to ensure sufficient superheating
of the refrigerating fluid at the outlet of the recuperator, i.e. at the inlet of the compressor so as to avoid damaging it.
[0008] The simplest method for achieving this objective is to use the same control strategy used in conventional cycles,
namely measuring the level of vapour superheating at the outlet of the recuperator and using a feedback control that
acts on the opening of the thermal expansion valve so as to bring it to and keep it approximately at an opportune set
point value, corresponding to the cycle’s optimal conditioning conditions.
[0009] Unfortunately, this configuration tends to very easily exhibit unstable behaviour, characterized by strong oscil-
lations.
[0010] In particular, it is very difficult, if not impossible, to design a control rule that ensures stable behaviour in all of
the system’s possible operating conditions.
[0011] The origin of this difficulty is due to the combination of three phenomena. The first is the propagation delay
between variations in flowrate of the thermal expansion valve and the corresponding variations in vaporization ratio at
the evaporator outlet.
[0012] The second phenomenon is the extreme non-linearity of the relationship between the vaporization ratio at the
evaporator outlet, and therefore at the recuperator inlet, and the superheating level at the recuperator outlet that is used
for feedback. This non-linearity is due to the strong dependency on the vaporization ratio of the convective exchange
coefficient in the inlet section of the recuperator, which provides the final evaporation section for the refrigerating fluid.
[0013] The third phenomenon is given by the further coupling introduced in the process by the recuperator, whereby
even a modest increase in the vaporization ratio at the inlet entails a strong drop in the exchange coefficient and therefore
a drop in the heat taken from the hot side, i.e. an increase in temperature on the hot side, which entails an increase in
the vaporization ratio downstream of the thermal expansion valve and therefore a further increase in the vaporization
ratio at the evaporator outlet.
[0014] This positive feedback mechanism is destabilizing and results in hysteresis phenomena that have been exper-
imentally confirmed.
[0015] In conclusion, just the superheating measurement downstream of the recuperator is inadequate for implement-
ing feedback adjustment that is reliable and stable in all process operating conditions, unless integrated with other
measurements. EP 2 765 370 A1 discloses a method for controlling superheating in a refrigeration cycle system according
to the preamble of claim 1 and a system for controlling superheating in a refrigeration cycle.
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SUMMARY OF INVENTION

[0016] The aim of the present invention is therefore that of providing a method of controlling superheating in compres-
sion refrigeration cycles with regenerative heat exchanger that enables stabilizing the vaporization ratio at the evaporator
outlet in an indirect manner.
[0017] Within the above-mentioned aim, a main object of the present invention is to provide a method of the indicated
type that provides the sought stabilization through measurement and evaluation of at least the following parameters:

- temperature of the air to be cooled;
- temperature of the fluid upstream of the thermal expansion valve;
- pressure upstream of the thermal expansion valve;
- evaporation pressure.

[0018] Another object of the present invention is to provide a method of the indicated type that can be implemented
with extremely simple and inexpensive instrumentation, in particular a single pressure sensor on the circuit’s low-pressure
line, positioned at the evaporator outlet, as well as a single temperature sensor and a single pressure sensor, both
positioned upstream of the thermal expansion valve.
[0019] A further object of the present invention is to provide a method of the indicated type that operates on the basis
of a new and novel control and regulation algorithm capable of stabilizing operation of the cooling system by directly
compensating the effects of: changes in temperature of the air to be cooled; changes in condensation pressure upstream
of the thermal expansion valve; changes in flow and temperature of the condenser’s refrigerating fluid; and changes in
evaporation pressure and in the heat exchange of the recuperator with subsequent variations in the enthalpy content of
the refrigerant at the outlet of the recuperator and at the inlet of the thermal expansion valve.
[0020] A further object of the present invention is to provide a method of the indicated type that is extremely effective
not only for local stabilization of the system, but also for large perturbations that involve the entire system.
[0021] A further object of the present invention is to provide a method of the indicated type that can be easily adapted
to handle possible failures of the fans serving the evaporators.
[0022] A further object of the present invention is to provide a control and regulation system for implementing the
inventive method, it being possible to configure this system as a modular device applicable to any cooling chamber or
air-conditioned room and/or similar area, either of new construction or even of a pre-existing type, this system ensuring,
thanks to the implementation of the inventive method, the maximization of the thermal power taken from the heat-carrying
refrigerant by the evaporator, at the same time avoiding sending a two-phase mixture to the system’s compressor, which
might damage it.
[0023] The last, but not least object of the present invention is to provide a refrigeration cycle control and regulation
system that can be built from readily and commercially available materials/components with reliable operation, as well
as economically competitive costs.
[0024] According to the present invention, the previously mentioned aim and the objects, as well as further objects,
which shall become clearer hereinafter, are achieved by a method for controlling superheating in a refrigeration cycle
system operating by compressing a refrigerating fluid with a regenerative heat exchanger, according to claim 1.
[0025] Other characteristics of the inventive method are defined in the dependent claims.
[0026] The aforementioned aim and objects are also achieved by a system for implementing the inventive method as
set forth in the appended claims concerning the system.

BRIEF DESCRIPTION OF DRAWINGS

[0027] Further characteristics and advantages of the method and system according to the present invention shall
become clearer from the following detailed description of currently preferred embodiments thereof, shown by way of
indicative and non-limitative example in the accompanying drawings, in which:

FIG. 1 contains the pseudocode of the stabilization algorithm for the vaporization ratio at the outlet 9 of the evaporator
6 at a value close to that required;
FIG. 2 is a block diagram of the overall configuration of the control, regulation and stabilization system, forming the
subject of the present invention; and
FIG. 3 shows the layout of a refrigeration cycle system with recuperator, in which use is made of the method and
system of the invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

[0028] A layout of the refrigeration cycle system with recuperator to which the method of the invention refers is shown
in Figure 3. The system comprises a compressor 1, a condenser 2, a receiver 3 for liquid refrigerant, a heat recuperator
or regenerative heat exchanger 4, a thermal expansion valve 5, an evaporator 6 and a transmission line 8, to the valve
5, for the signal detected by the sensor 7.
[0029] When the system is running, the refrigerating gas is compressed in the compressor 1, then enters the condenser
2 where it changes state, passing to a liquid phase, after which is then sent to the liquid receiver 3. The liquid leaving
the receiver 3 is sent to the recuperator 4, where it is cooled by the gas leaving the evaporator 6. From the recuperator
4, the liquid is then made to enter the thermal expansion valve 5, where adiabatic expansion occurs, which forms a
liquid/gas mixture that enters the evaporator 6. In the latter, a change of state occurs from the liquid to gas phase, which,
in turn, enters the recuperator 4. The cycle ends with sending the gas from the recuperator 4 to the compressor 1.
[0030] As mentioned, the main problem in regulating the refrigeration cycle with recuperator 4 is that the variations in
vaporization ratio of the evaporator 6 occur at its outlet 9 with a large delay with respect to the conditions at the inlet 10,
but this variation is not directly detectable because a two-phase mixture that is in nearly isobaric and isothermal conditions
passes through the evaporator and no reliable and inexpensive methods exist for measuring the vaporization ratio of
this mixture.
[0031] Variations in vaporization ratio occur, even in a brutal manner, only in the recuperator 4, where latent heat
transforms into sensible heat, but when this occurs, it is too late to take action on the thermal expansion valve 5 without
causing oscillations and instability in process operation.
[0032] Determining the level of superheating of the vapour at the inlet of the compressor 1, which must be controlled,
would in any case require measuring:

- the pressure P1 of the vapour at the outlet of the recuperator 4, necessary for calculating the corresponding saturation
temperature; and

- the temperature T1 of the vapour measured by the sensor 7 at the outlet of the recuperator 4.

[0033] In any case, the temperature T2 of the air at the inlet of the evaporator 6 must also be measured, to allow its
regulation by switching the compressor 1 on and off.
[0034] Thus, the fundamental idea of the inventive method was that of introducing additional process measurements
that enable directly stabilizing the ratio of the liquid/gas mixture at the evaporator outlet, which is defined as the ratio
between the mass of the gas phase and the total mass. In particular, these additional measurements regard:

- the temperature T3 of the refrigerating fluid upstream of the thermal expansion valve 5; and
- the pressure P2 of the fluid upstream of the thermal expansion valve 5.

[0035] In principle, implementation of the proposed method would also require measuring the evaporation pressure
inside the evaporator 6. To keep down instrumentation costs, given the relatively small load losses on the circuit’s low-
pressure line, it is possible to ignore these load losses and use only one pressure sensor P1 on this line, positioned at
the outlet of the recuperator 4 at point 11. In this way, the additional instrumentation that needs to be installed on the
circuit is reduced to a single temperature sensor T3 and a single pressure sensor P2, both positioned upstream of the
thermal expansion valve 5 at point 10.
[0036] It is also necessary to know:

- the nominal discharge coefficient Kv,nom and the characteristic opening curve f(θv) of the thermal expansion valve
5, such that the effective discharge coefficient based on the opening θv is given by Kv = Kv,nom· f(θv). The value of
function f() varies from zero (valve completely closed) to 1 (valve completely open). Both data items can be deduced
from data provided by the manufacturer of the valve and/or experimentally measured via bench tests.

- the equivalent thermal conductance G of the evaporator 6, i.e. the factor that, multiplied by the temperature jump
ΔT between the evaporation temperature of the liquid at the outlet of the evaporator 6 at pressure P1 and the
temperature T2 of the air to be cooled, produces the thermal power absorbed by the evaporator 6, Q=G·ΔT; this
value can be obtained from the evaporator design data and/or experimental measurements in a thermostatic cell,
and may depend on the number and/or speed of the active fans that feed the evaporator.

- the specific enthalpy curves of the liquid and of the saturated vapour hls(p) and hvs(p) as a function of refrigerant
pressure, the density curve of the saturated liquid as a function of the saturation temperature ρls(T), the saturation
temperature curve as a function of refrigerant pressure Ts(p), as well as the mean specific heat cp of the refrigerant
in the undercooled liquid state. These curves are known from the literature for all industrially employed refrigerants
and can be approximated via polynomials or other interpolation formulae easily implementable in industrial control-
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lers.

[0037] According to the present invention, the inventive method operates on the basis of an innovative control algorithm,
capable of stabilizing the vaporization ratio at the outlet of the evaporator 6 and based on the following process steps,
represented by the pseudocode in Figure 1.
[0038] In a first step S1, the evaporation temperature Tev is calculated from the pressure P1 measured at the recuperator
outlet at point 7, which is approximately equal to the pressure inside the evaporator, according to the formula: 

where Ts represents the saturation temperature of saturated vapour at pressure P1.
[0039] In a successive operating step S2, the thermal power Q absorbed by the evaporator 6 is calculated on the
basis of the difference between the measured air temperature T2 and the evaporation temperature Tev multiplied by the
equivalent thermal conductance G, according to the formula: 

[0040] In a successive step S3, the specific enthalpy hin of the refrigerant at the inlet of the thermal expansion valve
5 is measured at point 10, as a function of its measured temperature T3, according to the formula: 

where hls is the enthalpy of the saturated liquid at pressure P1 and cp is the constant-pressure specific heat.
[0041] In a successive step S4, the desired enthalpy hu at the outlet 9 of the evaporator 6 is calculated on the basis
of the desired vaporization ratio xv° at the outlet of the evaporator 6 and at the measured evaporation pressure P1,
according to the formula: 

where hvs is the enthalpy of the saturated vapour at pressure P1.
[0042] In a successive step S5, given the estimated thermal power Q, the flow mr of refrigerant that causes the required
enthalpy change between the inlet 10 and outlet 9 of the evaporator 6 is calculated according to the formula: 

[0043] In a successive step S6, knowing the pressure upstream P2 and downstream P1 of the thermal expansion
valve 5 and the density of the refrigerating liquid at the inlet 10, which is a function of the measured temperature T3, the
necessary discharge coefficient of the valve 5 for achieving the flow calculated in step S5 is then calculated. In this
regard, it may be appropriate to introduce a correction dp that takes into account the additional load losses on the
distributor 12, according to the formula: 

where the sqrt() function calculates the square root, Kv is the discharge constant of the thermal expansion valve and ρls
is the density of the saturated liquid at temperature T3.
[0044] In the final step S7, the opening of the corresponding valve is calculated, using the inverse function of the
opening characteristic. The corresponding signal is sent to the actuator of the thermal expansion valve, according to the
formula: 
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where θv is the level of opening of the valve and f-1 is an inverse function of the ratio Kv / Kv nominale.
[0045] The steps of the algorithm that regulate the inventive method and are briefly described above enable achieving,
in normal running under nominal conditions, as has been proven by the Applicants, the desired vaporization ratio of the
liquid/gas mixture at the outlet 9 of the evaporator 6.
[0046] In particular, stabilization is achieved by directly compensating, according to the inventive method, the effect
of the following phenomena:

- change in air temperature T2;
- change in condensation pressure P2 upstream of the thermal expansion valve 5, possibly caused by changes in

the flow and temperature of the refrigerating fluid of the condenser;
- changes in evaporation pressure P1;
- changes in heat exchange in the recuperator 4, with consequent variations in the enthalpy content of the refrigerant

leaving the recuperator and entering the thermal expansion valve.

[0047] In particular, an expert in the field will understand that the compensation of the last two effects eliminates the
destabilizing positive feedback of the prior art that has been previously mentioned.
[0048] Experimental surveys carried out by the Applicants have shown that the previously described method is effective
for stabilizing the system.
[0049] The previously described base algorithm, on which the inventive method is built, is capable of stabilizing op-
eration of the system. However, uncertainty in the values of the parameters, in particular the equivalent conductance of
the evaporator and measurement errors, can result in stabilizing operation of the evaporator at actual values of vapor-
ization ratio at the outlet of the evaporator 6 and of superheating at the inlet of the compressor 1 that are significantly
different from those required.
[0050] As it is not possible to measure the value of the vaporization ratio at the evaporator outlet directly, by introducing
a direct feedback, provision is instead made, according to the invention, to use the control diagram shown in Fig. 2.
Block S represents the above-described algorithm, where X°ev represents the vaporization ratio x°v required at the outlet
of the evaporator 6. Block R represents a conventional proportional-integral-derivative (PID) controller. Block P represents
the process to be controlled, where Tmv and Pmv correspond to the temperature and pressure upstream of the valve T3
and P2, Pev corresponds to the evaporation pressure P1, and Tvr corresponds to the temperature of the vapour at the
outlet of the recuperator T4. Block DT represents the calculation of the level of superheating from the pressure and
temperature values measured at the outlet of the recuperator at point 7, which can be calculated with the formula DT =
T4 - Ts(P1).
[0051] According to this overall control diagram, the feedback loop for the level of superheating at the outlet of the
recuperator 4 is implemented by a PID controller, which acts on the value of the vaporization ratio required at the outlet
of the evaporator 6 by using it as a virtual control variable. The above-described control algorithm sets the opening of
the thermal expansion valve 5 so as to obtain this vaporization ratio.
[0052] Given the presence of a significant delay between the moment when the required vaporization ratio is changed
and the moment when the superheating reacts, due to the dynamics of the evaporator, it is necessary that this feedback
is set with a small passband to prevent the onset of oscillations or instability. The values of the PID controller’s parameters
can be easily set up by an expert operator in the installation phase, considering the system resulting from the connection
of blocks S and P as the system to be controlled. This task can also be carried out by an opportune self-calibrating
algorithm chosen from those available on the market or in the literature. Experimental surveys carried out by the Applicants
have shown that this setting up activity is not critical and that a fixed calibration of the parameters is sufficient to ensure
proper functioning of the system in all possible operating conditions.
[0053] An expert in the field will understand that this strategy is fundamentally different from the standard one, in which
block S in Figure 2 is absent and the feedback on the level of superheating carried out by the PID controller acts directly
on the opening of the valve. In particular, as already observed, the additional feedbacks of signals P1, P2 and T3, carried
out by block S, efficiently perform the role of stabilizing and regulating process operation. This facilitates the operation
and the setup of the PID controller, which has the sole task of introducing a correction to the required value for the
vaporization ratio x°v, so as to obtain, under normal running, the value of the required superheating level at point 7 of
the circuit, despite the uncertainty regarding the values of the process parameters.
[0054] With regard to the starting transient, it is assumed to start from conditions in which the evaporator is empty or,
in any case, at a very low pressure corresponding to a minimum refrigerant content. When the compressor is started,
the thermal expansion valve is initially opened to a steady value that can be adapted as a function of the evaporation
pressure, to take into account the different operating conditions at various temperatures. Then there is a waiting period
until the pressure exceeds a threshold value, determined on the basis of the saturation pressure reduced by an opportune
margin. Once the threshold is exceeded, the previously defined control and regulation algorithm-method starts.
[0055] In this case as well, experimental tests have shown that in this way, the superheating undershoots at the
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compressor inlet with respect to the set point value remain within a few degrees, and so a value of around 10-15 degrees
for this set point ensures an ample safety margin.
[0056] When the compressor must be stopped, for example, based on the thermostatic control of the air temperature,
it is necessary to first completely close the thermal expansion valve, so as to empty the evaporator; the compressor can
be stopped when the pressure drops below an opportune minimum threshold.
[0057] If this sequence is not feasible, since control of the compressor is independent of that of the thermal expansion
valve, it is preferable to modify the start procedure in this way: upon starting the compressor, the valve is kept closed
until the pressure drops below the minimum threshold, after which the previously described sequence is followed.
[0058] Starting with an empty evaporator serves to guarantee the repeatability of the manoeuvre, in particular with
regard to potentially hazardous superheating undershoots, which can entail the transitory presence of liquid at the
compressor intake, with consequent mechanical damage.
[0059] According to a further characteristic of the invention, the method and the algorithm employed therein can be
advantageously adapted to handle failures of the fans (not shown) serving the evaporators.
[0060] In the case of an evaporator with a single fan, the only possible strategy is that of identifying the failure condition
by introducing a lower superheating threshold, sufficiently distant from the set point to avoid false alarms, but at the
same time sufficiently high to avoid the intake of two-phase fluid into the compressor.
[0061] When this threshold is exceeded, the thermal expansion valve is immediately closed to avoid flooding the
evaporator and the intake of two-phase fluid into the compressor.
[0062] It should be noted that in this case, it is not possible to continue operating the system in degraded conditions.
[0063] In the case of systems with N multiple fans, it can be assumed that the failure affects only one of them, and in
this case it may make sense to continue operating the system in degraded conditions without stopping it, waiting for
maintenance operations. It is therefore necessary to set a lower superheating alarm threshold and an even lower one
for stopping.
[0064] When the first threshold is exceeded, the controller will initially assume that the functionality of one out of N
fans has been lost. In a first approximation, this entails a reduction by a factor of 1/N of the equivalent conductance G
of the evaporator. It is therefore possible to modify this parameter in the stabilization algorithm inside block S in Fig. 2
in this sense.
[0065] It should be noted that the immediate effect of this modification will be a drop in the estimated heat flow Q,
which will be followed by an immediate drop in the required flow for the thermal expansion valve mr, which will be
immediately carried out by a reduction in the opening of the valve θv, so as to maintain the heat balance of the evaporator.
[0066] If the failure is actually due to the loss of a single fan, the system will stabilize itself in the required superheating
and vaporization ratio conditions, obviously with cooling power reduced by a factor of 1/N.
[0067] This operating condition can be reported to the supervising operator, for the latter to activate the maintenance
procedure, which is not necessarily immediate.
[0068] Instead, if the superheating continues to drop and falls below the stopping threshold, then it is necessary to
completely close the thermal expansion valve and stop the compressor once the evaporator is empty.
[0069] The above-described possibility of adapting the inventive method to handle failures in the fans serving the
evaporators also constitutes an important aspect of the present invention, not in any way inferable from corresponding
control or cooling systems of the prior art.
[0070] It can be noted from the foregoing that the invention fully achieves the intended aim and objects.

Claims

1. A method for controlling superheating in a refrigeration cycle system operating by compressing a refrigerating fluid
with recuperator (4), said system comprising compressor (1) having an inlet and an outlet, evaporator (6) having
an inlet (10) and an outlet (9), thermal expansion valve (5) coupled to said inlet (10) of said evaporator (6), and
recuperator (4) having an inlet (9) and an outlet, characterized in that said method stabilizes, at least locally, the
operation of said evaporator (6) by executing a stabilization algorithm for operation of the evaporator (6), in the
following order, at least the steps of: calculating the evaporation temperature (T4) from the pressure (P1) measured
in the evaporator; calculating the thermal power absorbed by the evaporator (6) on the basis of the difference
between air temperature (T2) and evaporation temperature (T4), multiplied by the equivalent conductance; calcu-
lating the enthalpy of the refrigerant at the inlet (10) of the thermal expansion valve (5) as a function of its measured
temperature (T3); calculating the enthalpy desired at the outlet (9) of the evaporator (6) on the basis of the vaporization
ratio desired at the outlet (9) of the evaporator (6) and the measured evaporation pressure P1; calculating the
refrigerant flow that provides a required enthalpy change between the inlet (10) and the outlet (9) of the evaporator
(6) given the estimated thermal power by inverting, knowing the pressure upstream (P2) and downstream (P1) of
the thermal expansion valve (5) and the density of the liquid refrigerant at the inlet (10), which is a function of the
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measured temperature (T3), the characteristic discharge rule of the valve (5) for calculating the opening necessary
for achieving the calculated flow; and sending the calculated opening signal of said valve to an actuator of said
thermal expansion valve (5).

2. A method according to claim 1, characterized in that it includes a further step of limiting the speed of opening and
closing said thermal expansion valve to a maximum value compatible with the maximum speed of opening and
closing said actuator.

3. A method according to claim 1, characterized in that it comprises a further corrective step consisting of feeding
back, with reduced passband, a superheating value to said inlet of said compressor, said superheating value acting
on a value of the required vaporization ratio, used as a virtual variable of said evaporator.

4. A method according to any of the preceding claims, characterized in that said evaporator comprise an evaporator
with a single fan and said method includes a further step of identifying a possible failure condition of said single fan
by introducing a lower superheating threshold sufficiently distant from a set point to avoid false alarms, but at the
same time sufficiently high enough to prevent two-phase liquid discharge in said compressor, said thermal expansion
valve being immediately closed and said cooling system being prevented from continuing to operate upon said lower
threshold being exceeded.

5. A method according to any of the preceding claims, characterized in that said evaporator comprise a plurality of
fans, said method comprising, in the case where only one of said ans fails, the step of setting a lower superheating
alarm threshold and a corresponding lower stopping threshold of said system to allow said system to continue to
operate in degraded conditions, without passing to a stop condition, waiting for not necessarily immediate mainte-
nance operations on said one failed fan to restore said system to a condition of full operability.

6. A system for performing the method according to any of the preceding claims, the system comprising at least one
logic block (S) based on the vaporization ratio x°v required at the outlet of the evaporator (6) for implementing a
stabilization algorithm comprising, in the following order, at least the steps of: calculating the evaporation temperature
(T4) from the pressure (P1) measured in the evaporator; calculating the thermal power absorbed by the evaporator
(6) on the basis of the difference between air temperature (T2) and evaporation temperature (T4), multiplied by the
equivalent conductance; calculating the enthalpy of the refrigerant at the inlet (10) of the thermal expansion valve
(5) as a function of its measured temperature (T3); calculating the enthalpy desired at the outlet (9) of the evaporator
(6) on the basis of the vaporization ratio desired at the outlet (9) and the measured evaporation pressure P1;
calculating the refrigerant flow that provides a required enthalpy change between the inlet (10) and the outlet (9) of
the evaporator (6) given the estimated thermal power by inverting, knowing the pressure upstream (P2) and down-
stream (P1) of the thermal expansion valve (5) and the density of the liquid refrigerant at the inlet (10), which is a
function of the measured temperature (T3), the characteristic discharge rule of the valve (5) for calculating the
opening necessary for achieving the calculated flow; and sending the calculated opening signal of said valve to an
actuator of said thermal expansion valve (5), at least one logic block (R) representing a proportional-integral-derivative
PID-type regulation which outputs the vaporization value desired at the outlet (9) of the evaporator (6) to the at least
one logic block (S), and at least one logic block (DT) which calculates the level of superheating based on the pressure
and the temperature of the vapour at the outlet of said recuperator (4) and outputs said level of superheating to said
at least one logic block (R).

7. A system according to claim 6, characterized in that said stabilization algorithm generated by said block (S)
provides, in normal running and under optimal conditions, the desired vaporization ratio at the outlet of said evaporator
and the desired stabilization by directly compensating at least: the change in temperature of the air, the change in
condensation pressure upstream of the thermal expansion valve, the change in evaporation pressure; and the
change in heat exchange in the recuperator, with consequent variations in the enthalpy content of the refrigerant at
the outlet of the recuperator and at the inlet of the thermal expansion valve.

Patentansprüche

1. Verfahren für die Regelung der Überhitzung in einem Kühlkreislaufsystem, das durch Verdichten eines Kühlfluids
mit einem Rekuperator (4) arbeitet, das System umfassend einen Kompressor (1) aufweisend einen Einlass und
einen Auslass, einen Verdampfer (6) aufweisend einen Einlass (10) und einen Auslass (9), ein thermisches Expan-
sionsventil (5), das mit dem Einlass (10) des Verdampfers (6) verbunden ist, und einen Rekuperator (4) aufweisend
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einen Einlass (9) und einen Auslass, dadurch gekennzeichnet, dass das Verfahren zumindest örtlich den Betrieb
des Verdampfers (6) stabilisiert durch Ausführen eines Stabilisierungsalgorithmus zum Betrieb des Verdampfers
(6), mindestens umfassend die folgenden Schritte in der folgenden Reihenfolge: Berechnen der Verdampfungstem-
peratur (T4) aus dem im Verdampfer gemessenen Druck (P1); Berechnen der vom Verdampfer (6) absorbierten
thermischen Leistung auf der Grundlage des Unterschieds zwischen Lufttemperatur (T2) und Verdampfungstem-
peratur (T4), multipliziert mit der äquivalenten Leitfähigkeit; Berechnen der Enthalpie des Kühlmittels am Einlass
(10) des thermischen Expansionsventils (5) in Abhängigkeit seiner gemessenen Temperatur (T3); Berechnen der
am Auslass (9) des Verdampfers (6) erwünschten Enthalpie auf der Grundlage des am Auslass (9) des Verdampfers
(6) erwünschten Verdampfungsverhältnisses und des gemessenen Verdampfungsdrucks P1; Berechnen des Kühl-
mittelstroms, welcher eine erforderliche Enthalpieänderung zwischen dem Einlass (10) und dem Auslass (9) des
Verdampfers (6) bei der gegebenen geschätzten thermischen Leistung bereitstellt, durch Umkehren, bei bekanntem
Druck stromaufwärts (P2) und stromabwärts (P1) des thermischen Expansionsventils (5) und der Dichte des flüssigen
Kühlmittels am Einlass (10), die eine Funktion der gemessenen Temperatur (T3) ist, der charakteristischen Aus-
lassregel des Ventils (5) zum Berechnen der Öffnung, die zum Erreichen des berechneten Stroms notwendig ist;
und Senden des berechneten Öffnungssignals des Ventils an einen Stellantrieb des thermischen Expansionsventils
(5).

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass es ferner einen Schritt des Begrenzens der Geschwin-
digkeit des Öffnens und Schließens des thermischen Expansionsventils auf einen maximal mit der Maximalge-
schwindigkeit des Öffnens und Schließens des Stellantriebs kompatiblen Wert umfasst.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass es einen weiteren Korrekturschritt umfasst, der darin
besteht, einen Überhitzungswert mit reduziertem Durchlassbereich zum Einlass des Kompressors zurückzuführen,
wobei der Überhitzungswert, der auf einen Wert des erforderlichen Verdampfungsverhältnisses wirkt, als eine vir-
tuelle Variable des Verdampfers verwendet wird.

4. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass der Verdampfer einen Ver-
dampfer mit einem einzigen Lüfter umfasst, und das Verfahren einen weiteren Schritt aufweist, der darin besteht,
eine allfällige Fehlerbedingung des einzigen Lüfters zu erkennen durch Einführen eines niedrigeren Überhitzungs-
grenzwerts, der ausreichend weit von einem Sollwert entfernt ist, um Fehlalarme zu vermeiden, zugleich jedoch
ausreichend hoch ist, um ein zweiphasiges Ausstoßen von Flüssigkeit im Kompressor zu verhindern, wobei das
thermische Expansionsventil unverzüglich geschlossen wird und das Kühlsystem daran gehindert wird, weiterzu-
laufen, sobald der niedrigere Grenzwert überschritten ist.

5. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass der Verdampfer eine Mehr-
zahl von Lüftern umfasst, das Verfahren in dem Fall, bei dem nur einer der Lüfter ausfällt, umfassend den Schritt
des Einstellens eines niedrigeren Überhitzungsalarmgrenzwerts und eines entsprechenden niedrigen Stoppgrenz-
werts des Systems, um dem System zu ermöglichen, unter eingeschränkten Bedingungen weiterzuarbeiten, ohne
zu einer Stoppbedingung zu gelangen, während es auf nicht unbedingt sofortige Wartungsmaßnahmen am ausge-
fallenen Lüfter wartet, um das System wieder in einen Zustand vollständiger Funktionsfähigkeit zu bringen.

6. System zum Ausführen des Verfahrens nach einem der vorstehenden Ansprüche, das System umfassend mindes-
tens einen Logik-Block (S) basierend auf dem Verdampfungsverhältnis X°v, das am Auslass des Verdampfers (6)
erforderlich ist, um einen Stabilisierungsalgorithmus umzusetzen, der mindestens die folgenden Schritte in der
folgenden Reihenfolge umfasst: Berechnen der Verdampfungstemperatur (T4) aus dem im Verdampfer gemessenen
Druck (P1); Berechnen der vom Verdampfer (6) absorbierten thermischen Leistung auf der Grundlage des Unter-
schieds zwischen Lufttemperatur (T2) und Verdampfungstemperatur (T4), multipliziert mit der äquivalenten Leitfä-
higkeit; Berechnen der Enthalpie des Kühlmittels am Einlass (10) des thermischen Expansionsventils (5) in Abhän-
gigkeit seiner gemessenen Temperatur (T3); Berechnen der am Auslass (9) des Verdampfers (6) erwünschten
Enthalpie auf der Grundlage des am Auslass (9) erwünschten Verdampfungsverhältnisses und des gemessenen
Verdampfungsdrucks P1; Berechnen des Kühlmittelstroms, welcher eine erforderliche Enthalpieänderung zwischen
dem Einlass (10) und dem Auslass (9) des Verdampfers (6) bei der gegebenen geschätzten thermischen Leistung
bereitstellt, durch Umkehren, bei bekanntem Druck stromaufwärts (P2) und stromabwärts (P1) des thermischen
Expansionsventils (5) und der Dichte des flüssigen Kühlmittels am Einlass (10), die eine Funktion der gemessenen
Temperatur (T3) ist, der charakteristischen Auslassregel des Ventils (5) zum Berechnen der Öffnung, die zum
Erreichen des berechneten Stroms notwendig ist; und Senden des berechneten Öffnungssignals des Ventils an
einen Stellantrieb des thermischen Expansionsventils (5), mindestens einen Logik-Block (R), der eine Proportional-
Integral-Differential-Regelung des PID-Typs darstellt, welche den am Auslass (9) des Verdampfers (6) erwünschten
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Verdampfungswert an den mindestens einen Logik-Block (S) ausgibt, und mindestens einen Logik-Block (DT), der
den Grad der Überhitzung basierend auf dem Druck und der Temperatur des Dampfes am Auslass des Rekuperators
(4) berechnet und den Grad der Überhitzung an den mindestens einen Logik-Block (R) ausgibt.

7. System nach Anspruch 6, dadurch gekennzeichnet, dass der durch den Block (S) erzeugte Stabilisierungsalgo-
rithmus bei normalem Betrieb und unter optimalen Bedingungen das erwünschte Verdampfungsverhältnis am Aus-
lass des Verdampfers und die erwünschte Stabilisierung bereitstellt, indem er mindestens kompensiert: die Änderung
der Temperatur der Luft, die Änderung des Kondensationsdrucks stromaufwärts des thermischen Expansionsventils,
die Änderung des Verdampfungsdrucks; und die Änderung des Wärmeaustauschs im Rekuperator, mit daraus
resultierenden Schwankungen des Enthalpiegehalts des Kühlmittel am Auslass des Rekuperators und am Einlass
des thermischen Expansionsventils.

Revendications

1. Procédé destiné à réguler la surchauffe dans un système à cycle de réfrigération fonctionnant par compression
d’un fluide réfrigérant avec un récupérateur (4), ledit système comprenant un compresseur (1) présentant une entrée
et une sortie, un évaporateur (6) présentant une entrée (10) et une sortie (9), une soupape de détente thermique
(5) couplée à ladite entrée (10) dudit évaporateur (6), et le récupérateur (4) présentant une entrée (9) et une sortie,
caractérisé en ce que ledit procédé permet de stabiliser, au moins localement, le fonctionnement dudit évaporateur
(6) en exécutant un algorithme de stabilisation pour le fonctionnement de l’évaporateur (6), ledit procédé comprenant,
dans l’ordre suivant, au moins les étapes suivantes : calcul de la température d’évaporation (T4) à partir de la
pression (P1) mesurée dans l’évaporateur ; calcul de la puissance thermique absorbée par l’évaporateur (6) sur la
base de la différence entre la température de l’air (T2) et la température d’évaporation (T4), multipliée par la con-
ductance équivalente ; calcul de l’enthalpie du réfrigérant à l’entrée (10) de la soupape de détente thermique (5)
comme fonction de sa température mesurée (T3) ; calcul de l’enthalpie souhaitée à la sortie (9) de l’évaporateur
(6) sur la base du rapport de vaporisation souhaité à la sortie (9) de l’évaporateur (6) et de la pression d’évaporation
mesurée P1 ; calcul du flux de réfrigérant fournissant un changement d’enthalpie requis entre l’entrée (10) et la
sortie (9) de l’évaporateur (6) étant donné la puissance thermique estimée par inversion, connaissant la pression
en amont (P2) et en aval (P1) de la soupape de détente thermique (5) et la densité du réfrigérant liquide à l’entrée
(10), laquelle est une fonction de la température mesurée (T3), la règle de décharge caractéristique de la soupape
(5) pour le calcul de l’ouverture nécessaire pour obtenir le flux calculé ; et envoi du signal d’ouverture calculé de
ladite soupape à un actionneur de ladite soupape de détente thermique (5).

2. Procédé selon la revendication 1, caractérisé en ce que celui-ci comprend une étape supplémentaire de limitation
de la vitesse d’ouverture et de fermeture de ladite soupape de détente thermique à une valeur maximum compatible
avec la vitesse maximum d’ouverture et de fermeture dudit actionneur.

3. Procédé selon la revendication 1, caractérisé en ce que celui-ci comprend une étape corrective supplémentaire
consistant à renvoyer, avec une bande passante réduite, une valeur de surchauffe vers ladite entrée dudit com-
presseur, ladite valeur de surchauffe agissant sur une valeur du rapport de vaporisation requis, utilisée comme une
variable virtuelle dudit évaporateur.

4. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que ledit évaporateur comprend
un évaporateur avec un seul ventilateur et ledit procédé comprend une étape supplémentaire d’identification d’un
état de défaillance possible dudit ventilateur unique en introduisant un seuil de surchauffe inférieur, suffisamment
éloigné d’un point défini pour éviter de fausses alertes, mais également suffisamment élevé pour empêcher une
décharge de liquide biphasé dans ledit compresseur, ladite soupape de détente thermique étant fermée immédia-
tement et ledit système de refroidissement étant empêché de continuer à fonctionner lors du dépassement dudit
seuil inférieur.

5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que ledit évaporateur comprend
une pluralité de ventilateurs, ledit procédé comprenant, dans le cas où seul l’un desdits ventilateurs est défaillant,
l’étape de réglage d’un seuil d’alerte de surchauffe inférieur et d’un seuil d’arrêt inférieur correspondant dudit système
pour permettre audit système de continuer à fonctionner dans des conditions dégradées, sans passer par un état
d’arrêt, en attendant des actions de maintenance pas nécessairement immédiates sur ledit ventilateur défaillant
pour remettre ledit système dans un état de pleine capacité.
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6. Système destiné à exécuter le procédé selon l’une quelconque des revendications précédentes, le système com-
prenant

- au moins un bloc logique (S) basé sur le rapport de vaporisation x°v, requis à la sortie de l’évaporateur (6)
pour exécuter un algorithme de stabilisation comprenant, dans l’ordre suivant, au moins les étapes suivantes :
calcul de la température d’évaporation (T4) à partir de la pression (P1) mesurée dans l’évaporateur ; calcul de
la puissance thermique absorbée par l’évaporateur (6) sur la base de la différence entre la température de l’air
(T2) et la température d’évaporation (T4), multipliée par la conductance équivalente ; calcul de l’enthalpie du
réfrigérant à l’entrée (10) de la soupape de détente thermique (5) comme fonction de sa température mesurée
(T3) ; calcule de l’enthalpie souhaitée à la sortie (9) de l’évaporateur (6) sur la base du rapport de vaporisation
souhaité à la sortie (9) de l’évaporateur (6) et de la pression d’évaporation mesurée P1 ; calcul du flux de
réfrigérant fournissant un changement d’enthalpie requis entre l’entrée (10) et la sortie (9) de l’évaporateur (6)
étant donné la puissance thermique estimée par inversion, connaissant la pression en amont (P2) et en aval
(P1) de la soupape de détente thermique (5) et la densité du réfrigérant liquide à l’entrée (10), laquelle est une
fonction de la température mesurée (T3), la règle de décharge caractéristique de la soupape (5) pour le calcul
de l’ouverture nécessaire pour obtenir le flux calculé ; et envoi du signal d’ouverture calculé de ladite soupape
à un actionneur de ladite soupape de détente thermique (5), au moins un bloc logique (R) représentant une
régulation de type PID proportionnelle intégrale dérivée, laquelle émet une valeur de vaporisation souhaitée à
la sortie (9) de l’évaporateur (6) vers l’au moins un bloc logique (S), et au moins un bloc logique (DT) calculant
le niveau de surchauffe sur la base de la pression et de la température de la vapeur à la sortie dudit récupérateur
(4) et transmettant ledit niveau de surchauffe audit au moins un bloc logique (R).

7. Système selon la revendication 6, caractérisé en ce que ledit algorithme de stabilisation généré par ledit bloc (S)
fournit, dans des conditions optimales et de fonctionnement normal, le rapport de vaporisation souhaité à la sortie
dudit évaporateur et la stabilisation souhaitée en compensant directement l’un des éléments suivants : changement
dans la température de l’air, changement dans la pression de condensation en amont de la soupape de détente
thermique, changement dans la pression d’évaporation ; et changement dans l’échange de chaleur dans le récu-
pérateur, avec des variations conséquentes dans le contenu enthalpique du réfrigérant à la sortie du récupérateur
et à l’entrée de la soupape de détente thermique.
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