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Description

[0001] The present invention relates to a control process for controlling the icing of an evaporator, of the continuous and
automatic type, in a blast chiller.

Field of the invention

[0002] The inventionproposesacontrol process that optimizes thehot gasorelectrical defrostingof theevaporator, for a
modern blast chiller that operates by means of a refrigeration circuit at evaporation temperatures lower than 0°C.
Therefore, the invention relates to the industrial sector of refrigeration equipment for foodstuffs,with particular reference to
blast chillers and freezers for professional kitchens. As a non-exhaustive example, the proposed solution is particularly
suitable for blast chillers of the cabinet type with a front closing door and with an evaporator arranged vertically inside the
treatment chamber or cell. Furthermore, the invention can be applied to any apparatus for treating foodstuffs with a
refrigeration circuit wherein the evaporator is subject to icing; as a non-exhaustive example, one should remember the
different types of blast chillers, freezers and/or deep-freezers, of the combined type as well, for professional or residential
or industrial use, or for logistics as in the case of refrigerated containers.
[0003] Modern food blast chillers are recent refrigeration machines that are widespread in professional practice in
different sectors of food production since they are intended to rapidly cool a fresh or just cooked foodstuff, in combination
with high ventilation, bringing it to an ideal temperature for preservation or for postponed use. Such a treatment allows to
preserve the taste and the organoleptic characteristics of the product, preventing the formation of microcrystals on its
inside, and performs a bacteriostatic function as it prevents bacterial proliferation in the short time of passage from the
cooking temperature to a food safety temperature, for example - 18°C for deep-freezing, thusenabling a longpreservation
of the foodstuffs in conventional equipment.
[0004] Said blast chillers are used in restaurants, for example for preserving thewholesomeness of fish to be eaten raw
or for preparing in advance some foodstuffs to be served later, keeping the perceived quality of just cooked food.
Furthermore, said apparatuses are used in delis, bars, pastry shops, bakeries or ice-cream parlours to safely preserve
both fresh and just cooked products. In particular, the use of said blast chillers in professional activities related to food
preparation has turned out to be extremely effective to prevent the proliferation of unhealthy microorganisms, to such an
extent that recent regulations have imposed their use. Therefore, a wider spread of said blast chillers has recently been
noticed; furthermore, ameliorative technical solutions are required with respect to the conventional and known ones.
[0005] In principle, blast chillers allow to bring the temperature at the core of the foodstuffs to +3°C in less than 90
minutes, for a so-called positive chilling for fridge preservation, or to about ‑18°C in less than 240 minutes for a so-called
negative chillingor deep freezing,wherein the temperature inside the treatment chamberor cell gets to ‑45°C. Inparticular,
in both cases, a few minutes are required to significantly reduce the cooking temperature and keep the organoleptic
qualities of the just cooked food unchanged. It was also observed that amodern blast chiller can performboth positive and
negative chilling. In the industrial sector of refrigeration machines for professional use many companies propose blast
chillers; for example, one should remember the blast chiller named TheOne by the Italian company Hiber Ali Group s.r.l. -
20063 Cernusco sul Naviglio MI, which can be seen at www.hiber.it. It was then observed that, in known solutions, the
conventional control and defrosting systems have some problems and can be improved; the solution proposed by the
present invention relates to an advantageous control process for an evaporator subject to icing, that is to say, with
evaporation temperatures lower than 0°C as it occurs in said blast chillers or blast freezers.
[0006] In further technical detail, blast chillers are refrigeration machines basically deriving from the conventional
freezers or deep-freezers, in which the problem of the progressive formation of frost and ice on the evaporator, which acts
as a heat exchanger between the cooling fluid flowing in the circuit and the air in the cell, according to a conventional
cooling cycle of the compression - condensation - expansion - evaporation type, is widely known. Where evaporation
occurs at a temperature lower than 0°C, the air that in the cell is in contact with the exchanger, having a dew point higher
than0°C, that is to say, a positive dewpoint,will tend to condensehumidity on the surfaceof the evaporator itself, whichwill
turn it first into a thin layer of frost and then into a progressively thicker layer of ice. The phenomenon of icing of the
evaporator has multiple negative consequences, both on the machine and on the product in the cell; in fact, as said ice
formation increases, acting as an insulator, the heat exchange and machine efficiency are progressively reduced, with
greater energy consumptions and with an increase in the temperature in the cell, which may cause problems of
preservation and decay of the products contained therein. In some cases, the evaporator itself may even break.
[0007] For some reasons, the companies producing blast chillers and/or freezers have tried to integrate into the
apparatus automatic or semiautomatic defrosting systems,manually or time operated; basically, such defrosting systems
performonededicatedcycle of defrostingof theevaporator alternately to theordinaryblast chilling cycle. Inprinciple, three
main defrosting systems canbe found: a first air system inwhich, uponopening thedoor, the refrigeration circuit is stopped
and only the cell ventilation continues, a second system in which electrical resistors heat the external surface of the
evaporator, or a third more evolved and technically complex system, which is called a hot gas system; in this third system
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the same hot gas coming out of the compressor is diverted into a dedicated channel, which is called defrosting or by-pass
line, which injects it directly into the inlet of the evaporator, without passing through the condenser, in such a way as to
progressively heat it from the inside. Therefore, the innovative control process according to the present invention is
intended to optimize a hot gas or electrical defrosting system.
[0008] It was also observed that the known evaporator defrosting systems have some problems that strongly limit
professional activity. In particular, a complete defrosting cycle lasts some minutes and occurs when blast chilling has
ended, that is to say, it does not provide the presence of foodstuffs in the cell since said defrosting cycle is alternate to the
ordinary blast chilling cycle. In fact, the difficulty of keeping a low and uniform temperature in the cell when said hot gas is
injected into the evaporator, for a time sufficient for complete de-icing, is widely known; therefore, in the case in which a
defrosting cycle is performed during blast chilling, in the conventionalmodes, the blast chilling timeswould be excessively
extended and there would be the risk of damaging the foodstuffs and/or affecting food safety. Nowadays, in order to solve
this problem and allow to defrost the evaporator even during the treatment of the load, that is to say, with foodstuffs inside
the cell, some specific solutions for large industrial freezers or for containers, which in particular comprise multiple
evaporators are known, wherein the circuits are throttled by selectively defrosting one icy evaporator after the other.
However, such an operating logic cannot be applied to professional blast chillers and freezers having one evaporator only,
according to the purpose of the present invention.
[0009] Itwas thenobserved that in theconventional andknownhotgasorelectrical defrostingsystems there isno (and is
desirable) effective and reliable automatic control process able to automatically start and end the defrosting of the
evaporator according to contextual needs, also during food blast chilling, guaranteeing food safety and high exchange
efficiency. Nowadays, in general, defrosting control is based on pre-defined times,wherein the start of a defrosting cycle is
manual or pre-set. Some more evolved solutions are also known, in which a complete defrosting cycle is automatically
activated asa function of someparameters indicating thepresenceof ice on theevaporator; for example, it is known touse
temperature sensors positioned inside the cell, in the compartment or on the surface of the evaporator, or in the foodstuff
withprobesat thecore thereof, in suchawayas toopen the valveof theby-pass line if thedetected temperature is higher or
lower than a pre-set value, like a thermostat. Among the conventional solutions, in order to detect the presence of ice on
said evaporator, it is also known to detect any variations in the operating parameters of the compressor, such as energy
absorption, or optoelectronic solutions are also known in which video cameras are positioned inside the cell to directly
monitor the surface of the evaporator.
[0010] All these solutions for detecting ice on the evaporator, however, proved little accurate and sometimes ineffective
in professional practice due to the remarkable variability in the conditions surrounding the systems and in the detection
modes; for example, one should think about the superficial temperature of the evaporator, which changes significantly not
only as a function of said icing, but also as a function of the positioning of the probe along the coil and/or of the condition of
the fluid on its inside, being also variable due to the particular atmospheric conditions inside and/or outside the cell.
Basically, said knownsolutions are suitable for determining the start of a complete standard defrosting cycle at the endof a
blast chilling cycle, but are inaccurateand/or unreliable, that is to say, unsuitable,whenonewants todynamically openand
close said by-pass line in such away as to prevent said ice layering on the surface of the evaporator, as is provided, on the
other hand, by the present invention. In particular, the known systems based on the detection of a variable, such as the
temperature in the cell or on the surface of the evaporator, do not ensure a sufficient degree of sensitivity and/or
significance in order to precisely detect the particular moment of start of icing corresponding to the first frosting of the
condensation depositing on the surface of the evaporator like a thin icy coat. It was thus observed that all the known
defrosting control solutions, in theprofessional blast chillers available on themarket, interveneat anadvanced icing stage,
that is to say, in correspondence of an already formed and rather thick ice layer, which insulates and alters heat exchange,
by activating a complete defrosting cycle alternately to ordinary blast chilling. Other control systems activate time-based
defrosting, that is to say, in a pre-set mode, anticipating real needs and wasting energy.

Prior art

[0011] In order to determine the prior art related to the proposed solution, a conventional search was made in patent
literature, browsing public archives, which has led to some prior art documents, among which:

D1 JP 2014 119122 A (Ishihara et al.)
D2 WO 2018/178405 A (Albets Chico et al.)
D3 KR 2016 0103858 A (Refkorea)
D4 GB 2 456 744 A (Ebac Ltd)
D5 US 2006/242973 A1 (Manettas et al.)
D6 US 2013/219925 A1 (Camatta et al.)

[0012] D1 describes a cooling cycle apparatus having a hot gas by-pass line for defrosting, wherein by means of a

3

EP 3 726 167 B1

5

10

15

20

25

30

35

40

45

50

55



controllable valve it is possible toadjust theflowof saidhotgas in theevaporator on thebasisof theoverheating level andof
the output saturation temperature of the evaporator.
[0013] D2, on the other hand, proposes an adaptive control method for refrigeration systems, comprising the detection
of the frost level in the evaporator using an NTU (Number of Transfer Units) rate calculation method, in such a way as to
define themost suitablemoment for supplying the defrosting resistors, in combination with the fan of the evaporator itself;
different operating modes are provided, both with ice and ice-free. For the NTU rate calculation, the dry evaporator at the
start isusedasa reference,andwhen the refrigerationsystem is inoperation, theNTUratecalculation is carriedoutwithan
operating mode with a variable frequency depending on the performance of the evaporator or level of ice and the
comparison thereof with said reference. D3 describes a heater for automatically removing frost from an evaporator in a
refrigerator, having a first temperature sensor placed on the evaporator and a second sensor placed in the refrigeration
cell, and with a controller calculating the difference between the detected values and comparing them with reference
values. D4 suggests a refrigerating appliance with automatic defrosting, wherein a cooling fluid continually drips on the
cooling surface; D5, instead, has two temperature sensors positioned near the evaporator for detecting the forming ice
layer,wherein oneof them is incorporated in said layer. Finally,D6describesablast chiller for foodstuffs comprisingmeans
emitting ultraviolet radiation inside the cell.
[0014] Therefore, in principle, it is reasonable to consider as known, in a blast chiller, a defrosting system having a hot
gas by-pass line provided with a flow adjusting valve or also a defrosting system with electrical resistors positioned in
correspondenceof the evaporator. Furthermore, systemsare known for adjusting the speedof the evaporator fans, also in
combination with resistors, in order to slow down the formation of frost and ice as well as to improve the heat exchange
efficiency. Finally, processes are known for detecting and comparing the superficial temperature of the evaporator with
respect to other variable parameters of the circuit, in order to determine the presenceof ice andactivate a defrosting cycle.

Drawbacks

[0015] It may be said that in the conventional and known solutions in which the defrosting system uses hot gas or is
electrical, in blast chillers or freezers, the evaporator icing control occurs by means of complete defrosting cycles
performedwhen the blast chilling cycle has ended, that is to say, at the end and not during ordinary use; generally, in such
cases, time-based control is provided, by setting a timer, or by means of conventional thermostats or pressure switches.
[0016] Another drawback, which is related to the first one, concerns the recurring machine downtimes intended to
enable the execution of said complete defrosting cycles; therefore, during such interruptions of the ordinary blast chilling
cycle, the foodstuffs are removed from the cell.
[0017] Furthermore, there is the problem of a reduced efficiency in heat exchange since the evaporator progressively
freezes, acting as an insulator.
[0018] Another drawback, which is related to the previous one, concerns the non-optimal use of the compressor, with
high energy consumptions and limited duration.
[0019] Furthermore, there is the drawback of the formation of condensation in the cell, with the consequent problem of
disposing of the water and possible risks of accidents for the operators.
[0020] It was also observed that themost evolved currently used solutions for controlling the icing of the evaporator, in a
blast chiller, comprise little accurate detection and calculation methods, that is to say, unsuitable to determine in real time
the progressive formation of frost and ice on the evaporator, and/or the related reduction in heat exchange between the
coolant and the inside of the cell.
[0021] In particular, it was experimentally observed that all the known systems in which one directly detects the
temperature on the surface of the evaporator, or the ice level, do not provide sufficient response speed and reliability in
order to continuously anddynamically activate defrosting to keep theexchangesurface, if at all, coveredbyan icy coat that
does not insulate as, on the other hand, is provided by the present invention. In fact, all the known solutions are based on
parameters and calculation algorithms that provide a too slow response and/or a response that is unsuitable for the
solution according to the invention, since they provide defrosting cycles with no foodstuffs in the cell. For example, in the
industrial and/or commercial refrigeration sector it is known to control the icing level by continuously monitoring said
superficial temperature of the evaporator, on the basis of the fact that, if said superficial temperature rises rapidly, it means
that it is freezing, as the ice layer is a thermal insulator; such a detection and comparison method is delayed, for the
purposes of the invention, as it is based on the effect caused by an already formed ice layer. The present invention
overcomes this drawback as it does not consider the superficial temperature, but a temperature difference between the
cooling fluid, for example freon, and the temperature in the cell, before the ice forms an insulating layer, then comparing
suchdifferencewithpre-set referencevalues; itwasexperimentally verified that the solutionproposedby the inventionhas
the advantage of immediately and accurately determining the start of icing, that is to say, when the frost is still in a thin and
non-insulating layer. Basically, the present invention anticipates the activation of the defrosting means with respect to all
the known solutions, with greater accuracy and a shorter duration, in such away as to operate during ordinary usewith the
foodstuffs in the cell.
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[0022] Furthermore, it was observed that the conventional and known algorithms for starting the defrosting of the
evaporator, inablast chiller, process thedetected temperatureorpressurevalueswith littleeffectivecalculation logics, due
to the low reliability in detecting the variations of said parameters but also due to the high tolerances allowed. In particular,
such detection and calculation approximations do not allow to activate the defrosting systemaccording to actual needs, in
a dynamic and automatic way, during ordinary blast chilling and with foodstuffs in the cell.
[0023] The most effective detection and calculation methods known, as for example in D1, aim at preserving the life of
thecompressor bycontrolling theconditionof thegasbeingsucked into the compressor itself; thepresent invention, on the
other hand, has a different aim and allows to continuously adjust the icing of the evaporator, keeping it at a controlled
minimum level, and to prevent icing in the cell; in fact, the invention does not refer to an overheating condition of the
compressor but accurately controls a temperature difference that ismore significant than icing, such as the temperature in
the cell with respect to the saturation temperature. Moreover, expensive controllable valves are not used. The calculation
of said rate NTU, too, as in D2, is not sufficiently rapid and accurate as to enable the maintenance of said controlled
minimum level.
[0024] Considering theseaspectsaswell, theneed for the sector to findsomemoreefficient andpractical solutions, able
to facilitate professional activity and provide greater food safety, being also cost-effective, without affecting the quality
characteristics of the so treated products, is evident.

Short description

[0025] The invention is defined in the independent claim.
[0026] Preferred embodiments are defined in the dependent claims.
[0027] The present invention relates to a control process (20a, 20b) for controlling the icing of the evaporator (104), to
optimize defrosting in a blast chiller, which operates by means of a refrigeration circuit (101‑104) at evaporation
temperatures lower than 0°C; it includes a Phase of detection (201) of the value ATD, equal to the difference between
the air temperature in the cell (105) and the temperature of the cooling fluid, processed in the following Phases of
calculation for opening (202) and closing (207) the defrostingmeans (106‑107, 125‑126) according to opening algorithms
(113a‑113b) and closing algorithms (114a‑114d) that continuously consider the variations of said value ATD in such away
as to automatically and dynamically open them (203) and close them (208), keeping the evaporator (104) in a controlled
minimum icing condition. The proposed solution is suitable for hot gas defrosting systems (106‑107) or for defrosting
systems with electrical resistors (125‑126).

Aims and advantages

[0028] The above-disclosed solution providesmany aims and advantages, which are not to be considered as limitative,
it being possible to find some others that, although not mentioned, must be included anyway.
[0029] The present invention allows to control in an optimized way a hot gas defrosting system or a defrosting system
withelectrical resistors, bybasically eliminating theneed foradedicateddefrostingcyclealternate toordinaryblast chilling,
in order to operate rapidly anddynamically, during blast chilling, that is to say,with foodstuffs in the cell, ensuringmaximum
food safety. Basically, a continuous control process is provided, based on the real-time detection of multiple parameters
and on the processing of data by means of algorithms intended to determine the opening and/or closing of the defrosting
means only when necessary, thus minimizing the duration of defrosting. In the preferred case of a hot gas defrosting
system, according to said detections and algorithms, small quantities of said hot gas are allowed to automatically flow into
theevaporator, like rapid injections, that is to say,micro defrosting cycles, in suchawayas to keep theexchangesurface in
a controlledminimum icing condition that essentially corresponds to said icy coat, that is to say, a thin frost layer that does
not insulate and does not affect the correct heat exchange. To this purpose, on the other hand, it is known that such a coat
can improve said heat exchange thanks to an advantageous superficial roughness.
[0030] In further detail, a first aim and advantage of the present invention consists in optimizing the opening and the
closing of a hot gas or electrical defrosting system to eliminate the need for the conventional defrosting cycles, in such a
way as to operate evenwith the foodstuffs in the cell and ensuring food safety. Basically, such an aim is achieved thanks to
an effective control process for controlling the degree of icing of the evaporator, with high detection and intervention
accuracy, suchas to never exceed said initial frosting condition in the formof an icy coat and to obtain a blast chillerwithout
the natural ice layer on the evaporator, that is to say, a no-frost blast chiller.
[0031] A second aim and advantage of the present invention consists in eliminating machine downtimes due to the
conventional defrosting cycles, thus obtaining a continuous operation blast chiller, that is to say, a non-stop blast chiller.
[0032] A third aim and advantage of the present invention consists in obtaining greater energy efficiency and a more
regular heat exchange, since the evaporator never freezes; as a consequence, one obtains energy saving as well as
greater duration and operating regularity of the components of the machine, as in the case of the evaporator and of the
compressor. Basically, the proposed control process for continuously controlling the icing of the evaporator makes the
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blast chiller highly efficient.
[0033] A fourth aim and advantage of the present invention consists in significantly reducing the formation of
condensation inside the cell, with fewer water disposal problems and greater safety for the operators.
[0034] These and other aims and advantages will be clear in the following detailed embodiment description with the aid
of the enclosed drawings, whose details of execution are not to be considered limitative but only illustrative.

Content of the drawings

[0035]

Figures 1 and 2 are simplified diagrams of the refrigeration circuit of a blast chiller providedwith a defrosting systemof
the evaporator with a hot gas by-pass line including a defrosting valve HGDV, being both suitable for the control
process (20a, 20b) according to the present invention; said valve is connected to the control logic unit (111) provided
with programs (112) for automatically performing opening and closing on the basis of the detection of variable
parameters. Figure 1, in particular, refers to the preferred embodiment (10a) wherein the by-pass line comprises a
discharge line (108) of the compressor with a dedicated valve, and wherein the expansionmember is a capillary tube
(103a); Figure 2 refers to a simplified variant (10b), which is equivalent for the purpose of the invention, without said
discharge line and without the probe detecting the suction pressure, and wherein the expansion member is a
thermostatic valve (103b).
Figures 3 and 4 show block diagrams of the control process (20a, 20b) according to the invention, according to
operating and control Phases (200‑208) that are consequential and interrelated to each other; Figure 3 refers to a
process (20a) in which in the Phases of calculation for opening (202) and closing (207) a first calculation logic (LC1)
with the related algorithms (113a, 114a) is followed, while Figure 4 refers to a process (20b) in which in said Phases a
second calculation logic (LC2)with the relatedalgorithms (113b, 114b) is followed.Said blockdiagramsof theprocess
refer toahot gasdefrosting system,asapreferredembodiment; however, theycanbeequally applied toanalternative
electrical defrosting system in which the opening (203‑204) and closing (208) refer to the current flow supplying the
electrical resistors.
Figure5 isasimplifieddiagramof said refrigerationcircuit inanotherembodiment (10c) suitable for thecontrol process
(20a, 20b) proposedby the invention,wherein defrosting is performedbymeansof electrical resistors (125) instead of
hot gas, with an opening-closing means (126) connected to said control logic unit (111), which is provided with the
programs (112) for automatically switching on and off said resistors on the basis of the detection of variable
parameters.

Practical realization of the invention

[0036] With reference to the schematic Figures (Figs. 1, 2, 3, 4, 5) as well, the present invention proposes an
advantageous control process (20a, 20b) for controlling the degree of icing of the surface of the evaporator (104) of a
blast chiller, able to optimize the opening and closing of a by-pass line (106a, 106b) of the hot gas that, coming out of the
compressor (101), directlyenters theevaporator (104), inadynamicandautomaticwayasdescribedbelow.Theproposed
solution allows to eliminate the conventional defrosting cycles by performing frequent and rapid injections of hot gaswhen
required during ordinary blast chilling, with the foodstuffs in the cell (105) and in a safety condition, thus obtaining an
essentially no-frost blast chiller, intended to always operate in the ordinary way during blast chilling, with no interruptions
and with maximum heat exchange efficiency.
[0037] It is proposed to continuously compare at least two variable parameters, such as two temperature values, which
are directly related to a cause-effect logic, considering the minimal variations in the difference. For the purpose of the
invention, one considers the difference between the air temperature in the cell (105, 120, Tc) and the temperature of the
cooling fluid (121‑124); for maximum detection reliability, this value is preferably detected inside the circuit and derived
from a pressure value. In further detail, said temperature of the cooling fluid is advantageously obtained bymeasuring, by
means of respective probes (121‑124), one of the following variable parameters (Pe, Ps, Te, Ts) (Figs. 1, 2):

• thepressure in theevaporator (Pe), detectedbymeansof aprobe (121)at its inlet, corresponding to thegassaturation
temperature (Tsat/e) in the evaporator, wherein this is the preferred way of detecting said temperature of the cooling
fluid;

• the evaporation temperature (Te), detected by means of a probe (122) preferably at the inlet of the evaporator;
• the suction temperature (Ts) of the compressor, detected by means of a probe (123) at the outlet of the evaporator;
• the suction pressure (Ps) of the compressor, detected by means of a probe (124) at the outlet of the evaporator,

corresponding to the gas saturation temperature (Tsat/s) in suction.
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[0038] The invention proposes to set and control the degree of icing of the surface of the evaporator (104); in fact, it is
sized by keeping constant a particular value defined as Approach Temperature Difference (ATD), which in the present
invention is the difference between said air temperature in the cell and said temperature of the cooling fluid in the
evaporator. Therefore, saidATDhasa fixedand pre-set reference value (ATDset), which is calculated ormeasured during
design in optimal conditions; when heat exchange gets worse due to the progressive icing of the evaporator (104), said
valueATD tends to increasebecause theevaporation temperatureof thecooling fluid remainsconstant, as it is adjustedby
theexpansionmember (103a, 103b),while the air temperature in the cell (Tc)will tend to increase.By theproposed control
process (20a, 20b), it is possible to automatically openand close thedefrosting valveHGDV (107) of the hot defrostinggas
on the basis of the variations of said ATD, dynamically, with extreme accuracy and effectiveness. Basically, if the detected
variation of ATD exceeds a given pre-set value like a variation tolerance, said valve (107) opens; vice versa, the closing of
said valve (107) is adjusted on the basis of an opposite variation of ATD, or by amaximum defrosting time or by a too high
temperature increase in the cell.
[0039] It was experimentally observed that the use of said value ATD, for the purpose of the invention, is more accurate
and reliable than the conventional precise detectionof the air temperature in the cell or of the superficial temperature of the
evaporator or of the pressure in a point of the circuit, and provides greater sensitivity in detecting any slight variation due to
progressive icing, thus allowing to dynamically control said hot gas by-pass line (106a, 106b, 107), when required and not
according to complete defrosting cycles. Basically, a differential approachwith respect to detection is used, according to a
cause-effect logic wherein the air temperature in the cell is an effect immediately caused by a cooling fluid, having known
and regular characteristics inside a closed circuit, and by the interposed ice that acts as an insulator and progressively
reduces heat exchange.
[0040] In further technical detail, in order to ensure the necessary accuracy and reliability in the continuous detection of
the variations of said valueATD,with respect to said optimal value (ATDset) that is pre-set as a fixed reference, oneusesat
least one of the followingmodes for detecting the valueATD (ATD1,ATD2,ATD3,ATD4), which alternatively consider said
variable parameters (Pe, Ps, Te, Ts) with respect to said temperature in the cell (Tc):

•

•

•

•

[0041] The control process (20a, 20b) proposedby the invention includes the opening or closing of said defrosting valve
HGDV (107) of the hot defrosting gas on the basis of slight variations detected in at least one of said detection modes
(ATD1-ATD4) during ordinary operation, that is to say, with foodstuffs in the cell, in such a way as to avoid the complete
defrosting cycles that are conventionally performed between one blast chilling cycle and the other. The duration of the de-
icing of the evaporator or defrosting time (td), corresponding to the variable duration of the hot gas flow entering the
evaporator, is variable on the basis of said detections (120‑124, Pe, Ps, Tc, Te, Ts) and thus of said detected variations of
ATD. In particular, in a first operating logic (20a, LC1) the variation of ATD is to be understood as an increase, wherein the
detected value (ATD1-ATD4) is compared with a tolerated reference value (vrATD) that is pre-set as a threshold; in a
second operating logic (20b, LC2), which is even more sensitive, said variation of ATD is considered in time as a growth
rate or tangent, wherein the tangent (TanATD) of said detected value is compared with a tolerated reference value
(vtTanATD) that is pre-set as a threshold. Said opening of the valve occurs according to opening algorithms (113a, 113b)
specific to said first control logic (113a, 20a, LC1) and to said second control logic (113b, 20b, LC2).
[0042] Basically, as soon as the detected variation of ATD exceeds the respective tolerated reference value, then the
defrosting valve HGDV (107) opens the by-pass line (106a, 106b) and the hot gas flows into the evaporator for a rapid
defrostingof the thin ice layer that is progressively forming on its surface; the closingof said valveHGDVcan, alternatively,
be determined by an opposite variation of said ATD or, for good measure, by a fixed time (td/max) equal to the maximum
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defrosting time, or bya toohigh increase in the temperature in the cell corresponding to themaximum temperature allowed
(Tc/max) to prevent the foodstuffs from decaying. Said closing of the valve occurs according to closing algorithms (110a,
110b) specific to said first control logic (110a, 20a, LC1) and to said second control logic (110b, 20b, LC2).
[0043] Thecontrol process (20a, 20b) for controlling the icingof theevaporator (104), proposedby the invention (Figs. 3,
4), is for optimizingdefrosting in a foodblast chiller,which operatesbymeansof a refrigeration circuit (10a, 10b) (Figs. 1, 2)
at evaporation temperatures lower than 0°C and is provided with a hot gas defrosting system of the evaporator. Said
defrosting system is of the type having a by-pass line (116a, 116b)wherein the hot gas coming out of the compressor (101)
isdiverted tobedirectly injected into the inlet of theevaporator (104)withoutpassing through thecondenser (102), andwith
at least one valve for automatically adjusting flow (106), which is called defrosting valve orHGDV,which is the acronym for
hot gas duct valve, which is connected to a control logic unit (120) for controlling the whole apparatus and provided with
programs (121) that also comprise said algorithms (113a, 113b, 114a, 114b) for its opening and closing, on the basis of the
continuous detection of said variable parameters (Pe, Ps, Tc, Te, Ts, 120‑124) and of said ATD (ATD1-ATD4).
[0044] In the preferred embodiment (10a) (Fig. 1), in order to perform the control process (20a, 20b) according to the
invention, a refrigerationcircuit is provided,which isequippedwithadefrosting systemof the typehavingahot gasby-pass
line (106a) including a defrosting valve HGDV (107, 111) that controls the entry thereof into the evaporator; in order to
maximize the control of pressures and, as a consequence, of temperatures, a discharge line (108) of the compressor is
included, havingadedicated valve (109), andanexpansionmember of the capillary tube type (103a). In said configuration
(Fig. 1), for thepurposeof saiddetectionofATD, all said variable parameters (Pe,Ps,Tc, Te, Ts)measuredbymeansof the
respective probes (120‑124), can be advantageously detected. In a simplified variant (10b) (Fig. 2), which is equivalent for
the purpose of the invention, there is a direct by-pass line (106b, 107) without said discharge line (108, 109), and there is
not even the probe detecting the suction pressure of the compressor, at the outlet of the evaporator; furthermore, the
expansion member is different and is a thermostatic valve (103b). Therefore, in this configuration (Fig. 2) the probe
detecting the suction pressure (124, Ps) may be unreliable and is not provided.
[0045] In both said configurations (10a, 10b), in order to perform the control process (20a, 20b) according to the
invention (Figs. 3, 4), said defrosting valve HGDV (107), said probe in the cell (120, Tc) and at least one of said probes
(121‑124) for detecting the temperature of the cooling fluid, are installed and electronically connected with said control
logic unit (111), whose programs (112) also include said calculation algorithms for opening (113a, 113b) and closing (114a,
114b) said valve HGDV. Said algorithms, being used in the Phases of calculation (202, 207) of said process (20a, 20b),
followsaidfirst control logic (20a,LC1), inwhich thevariationofATD isassessed,or said secondcontrol logic (20b, LC2), in
which the rate of said variation is further assessed, respectively, as set forth in detail below.
[0046] Therefore, the invention proposes an advantageous control process (20a, 20b) for controlling the icing of the
evaporator (104) in a blast chiller of the type having a refrigeration cycle with a hot gas by-pass line (106a, 106b, 107),
comprising the following Phases:

• an initial Phase of start and stabilization of the system (200);
• a Phase of detection (201) of said variable parameters (Pe, Ps, Tc, Te, Ts) measured by means of the respective

probes (120‑124) connected to said logic unit (111), as disclosed above, in such a way as to continuously determine
said detected value of ATD (ATD1, ATD2, ATD3, ATD4) like a temperature difference, between the air in the cell and
the cooling fluid, which progressively increases as the ice layer on the evaporator (104) gets thicker and, conversely,
progressively decreases as it melts, getting back to an optimal value of ATD that is pre-set as a reference (ATDset);

• a Phase of calculation for opening (202) said valve HGDV (107), in which said opening algorithms are applied (113a,
113b);

• a Phase of opening (203) of said valve HGDV (107), a Phase of defrosting (204), in which the hot gas flows into the
evaporator (104);

• aPhaseofadditional precautionarycalculation (205)withanoptionalPhaseofwarning (206), if themaximumduration
(td/max) planned for defrosting is reachedorwhen the temperature in thecell (Tc)undergoesanexcessive increaseor
exceeds a pre-set maximum temperature (Tc/max), there being a risk of food decay;

• a Phase of calculation for closing (207) said valve HGDV (107), in which said closing algorithms (114a, 114b) are
applied;

• a final Phase of closing (208) of said valve HGDV (107).

[0047] In particular, in said Phases of calculation for opening (202) and closing (207) said valve HGDV (107) one
continuously processes the detected value of ATD (ATD1, ATD2, ATD3, ATD4), which comes from the previous Phase of
detection (201) and is progressively variable, according to said opening algorithms (113a, 113b) and closing algorithms
(114a, 114b) in suchawayas toopen (203)andclose (208) said valveHGDV(107) duringordinaryoperation, that is to say,
with foodstuffs in the cell (105), keeping the evaporator (104) in a controlledminimum icing condition in which there is, if at
all, a frost coat that does not affect heat exchange. Said opening algorithms (202, 113a‑113b) activate the injection of hot
gas (106a, 106b, 107, 203) into the evaporator (104) as soon as ice starts forming on top of said coat, acting as a thermal
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insulator that immediately changes said value ATD, while said closing algorithms (202, 114a‑114b) interrupt said injection
in correspondence of an opposite variation, considering both during opening (202‑203, 113a‑113b) and during closing
(207‑208, 114a‑114b) a suitable variation tolerance.
[0048] In further detail as to said Phase of calculation for opening (202), said detected value ATD (201, ATD1-ATD4) is
assessedaccording to a first openingalgorithm (20a, 113a, LC1) or to a secondopeningalgorithm (20b, 113b, LC2), as set
forth below. Said first algorithm (113a) considers the increase in ATD and provides opening when the detected value is
greater thanorequal to thepre-set optimal value (ATDset) plusa toleratedvariation (vtATD)ordeviation, thusapplyingone
of the following cases on the basis of said detected parameters (Pe, Ps, Te, Ts):

•

•

•

•

[0049] Said secondalgorithm (113b), on theother hand, assesses thegrowth rate, that is to say, considers said variation
of ATD over time, calculating with greater sensitivity said opening, that is to say, when the tangent of the detected value
(TanATD) is higher than or equal to the pre-set optimal value of said rate (TanATDset) plus a tolerated variation (vtATD):

•

[0050] On the other hand, in further detail as to said Phase of calculation for closing (207), said detected value ATD is
assessed according to a first closing algorithm (20a, 114a, LC1) or to a second closing algorithm (20b, 114b, LC2), as set
forth below. Said first algorithm (114a) considers the decrease in ATD and provides closing when the detected value is
lower than or equal to the pre-set optimal value (ATDset) minus twice said tolerated variation (vtATD), which here is
increased to allowamargin for ordinary operativeness during blast chilling, andwherein said twofold subtraction indicates
a preferred but not limitative value, thus applying one of the following cases on the basis of said detected parameters (Pe,
Ps, Te, Ts):

•

•

•

•
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[0051] Said second algorithm (114b), on the other hand, considers the slowdown in the variation of ATD and provides
closing when the tangent of the detected value (TanATD) is lower than the pre-set optimal value (TanATDset) minus a
tolerated variation (vtTanATD):

•

[0052] The proposed control process (20a, 20b), in both said calculation logics (LC1, LC2), for good measure, also
includes the start of saidPhaseof closing (208) of the valveHGDV (107)whenapre-setmaximumduration of thePhaseof
defrosting (204) is exceeded, that it to say, when in a Phase of precautionary calculation (205):

•

[0053] Furthermore, said control process (20a, 20b) in both said calculation logics (LC1, LC2), for good measure, also
includes the start of saidPhaseof closing (208) of the valveHGDV (107)whenanexcessive increase in the temperature in
the cell (105) is detected, that is to say, when in a Phase of precautionary calculation (205) the detected temperature (Tc,
120) is greater than a pre-set optimal temperature (Tc/set) plus a tolerated variation (vtTc):

•

[0054] It was thus observed in practice that the proposed control process (20a, 20b), performed as set forth above
(200‑208), optimizes the defrosting of the evaporator in said blast chillers operating at evaporation temperatures lower
than 0°C, to such an extent as tomakemachine downtimes for performing defrosting cycles essentially useless, since the
defrosting valve is opened and closed in such a rapid and accurate way as to actually keep the evaporator in a controlled
minimum icing condition in which heat exchange remains optimal or close to an optimal condition.
[0055] Asanalternative to said hot gasdefrosting systemof the evaporator (10a, 10b) (Figs. 1‑4), the inventionprovides
an equivalent electrical defrosting system (10c) (Fig. 5), which does not include said by-pass line but comprises at least
one electrical resistor (125) or a group of electrical resistors, in correspondence of the evaporator (104), with an opening-
closingmeans (126) of the power supply of the resistors, and thus of defrosting, which is connected to the control logic unit
(111) provided with the same programs (112) described above, which in this case automatically switch on and off said
electrical resistors on the basis of the detection of the same variable parameters described above, by the same detection
means (120‑123) and by means of the same calculation logics.
[0056] Basically, said electrical defrosting system (10c) is automatically controlled bya control processequivalent to the
one described above (20a, 20b, 201‑208, LCI-LC2) wherein, instead of adjusting the hot gas flow by opening (203, 204)
and closing (208) said valve HGDV, the flow of electric current supplying the resistor (125) is controlled. This occurs by
means of a suitable opening-closing means (126) that switches it on and/or off like a circuit breaker, advantageously
exploiting the intrinsic activation speed and the thermal inertia of said resistors, in such a way as to dynamically start and
end a Phase of electrical defrosting (204) during ordinary operation, that is to say, with foodstuffs in the cell, keeping the
evaporator (104) in a controlled minimum icing condition corresponding to a frost coat that does not thermally insulate.

Reference

[0057]

(10a, 10b) refrigeration circuit of a blast chiller with a hot gas defrosting system, according to the present invention,
comprising a hot gas by-pass line adjusted by an opening-closingmeans (107) of the valve HGDV type, connected to
the logic unit (111, 112). In the preferred configuration (10a, 106a) there is a discharge line of the compressor, with a
dedicated valve; in a simplified variant (10b, 106b), equivalent for the purpose of the invention, there is no discharge
line and the expansion member is different.
(10c) refrigeration circuit of a blast chiller, according to the previous invention, in the alternative variant with a
defrosting systemwith electrical resistors (125) and an opening-closingmeans (126) connected to the logic unit (111,
112);
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(101) compressor;
(102) condenser;
(103a, 103b) expansion member, which in the preferred configuration (10a) is a capillary tube (103a), while in the
simplified variant (10b) it is a thermostatic valve (103b);
(104) evaporator;
(105) refrigerated cell for the treatment of foodstuffs;
(106a, 106b) hot gas by-pass line, in the preferred configuration (10a, 106a) with a discharge line of the compressor,
and in the equivalent simplified variant (10b, 106b) with no discharge line, respectively;
(107) opening-closing means of the defrosting valve or HGDV type, the acronym for Hot Gas Defrost Valve, for
adjusting the flow in the by-pass line in a hot gas defrosting system;
(108) optional discharge line of the compressor;
(109) opening and closing valve of the optional discharge line of the compressor;
(110) flow direction;
(111) control logic unit of the machine and of its components;
(112) programs for operation and control, comprising the calculation algorithms for opening and closing the valve
HGDV for the purpose of the invention;
(113a) opening algorithms, for the first control logic;
(113b) opening algorithms, for the second control logic;
(114a) closing algorithms, for the first control logic;
(114b) closing algorithms, for the second control logic;
(120, 121, 122, 123, 124) probes for detecting temperature (Tc, Te, Ts) and pressure (Pe, Ps);
(125) electrical resistor, single or in groups, for defrosting the evaporator;
(126) opening-closing means, of the circuit breaker type, of the electric current in a defrosting system with electrical
resistors;
(20a, 20b) control process for controlling the icing of the evaporator, of the continuous and automatic type, according
to the present invention. Said process comprises some Phases (200‑208);
(200) initial Phase of start and stabilization of the system;
(201) Phase of detection of the variable parameters, such as temperature and pressure, for determining the detected
value ATD;
(202) Phase of calculation for opening the opening-closing means (107, 126), according to opening algorithms
diversified according to a first (113a, LC1) or to a second (113b, LC2) control logic;
(LC2) second control logic;
(203) Phase of opening of the opening-closing means (107, 126);
(204) Phase of defrosting;
(205) Phase of precautionary calculation;
(206) optional Phase of warning;
(207) Phase of calculation for closing the opening-closing means (107, 126) according to closing algorithms
diversified according to a first (114a, LC1) or to a second (114b, LC2) control logic;
(208) Phase of closing of the opening-closing means (107, 126);
(ATD) acronym for Approach Temperature Difference, which in the present invention is the detected difference
between the air temperature in the cell and the temperature of the cooling fluid in the evaporator;
(ATD1) in a first embodiment is equal to: Tc - Tsat/e (Pe);
(ATD2) in a second embodiment is equal to: Tc - Te;
(ATD3) in a third embodiment is equal to: Tc - Ts;
(ATD4) in a fourth embodiment is equal to: Tc - Tsat/s (Ps);
(ATDset) pre-set ATD value, for example amounting to 8°C;
(LC1) first control logic, in which the increase in ATD is considered;
(LC2) second control logic, in which the growth rate of ATD is considered;
(Pe) pressure of the cooling fluid in the evaporator, at inlet (121);
(Ps) pressure of the cooling fluid in suction (124);
(td) duration of defrosting, variable time during which the hot gas flows in the evaporator, according to needs;
(td/set) pre-set maximum defrosting time;
(TanATD) tangent of ATD for assessing the growth rate;
(Tc) air temperature in the cell (120);
(Tc/set) maximum temperature in the cell, pre-set for food safety or load decay;
(Te) temperature of the cooling fluid in the evaporator, at inlet (122);
(Ts) suction temperature of the cooling fluid (123);
(Tsat/e) saturation temperature of the cooling fluid in the evaporator, obtainable with accuracy from (121, Pe);
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(Tsat/s) saturation temperature of the cooling fluid in suction, obtainable with accuracy from (124, Ps);
(vtATD) tolerated variation of the increase in ATD;
(vtTanATD) tolerated variation of the tangent of ATD;
(vtTc) maximum variation of the temperature in the cell;
(vt/td) tolerated variation in the defrosting duration, with respect to the pre-set optimal value (td/set).

Claims

1. Control process (20a, 20b) for controlling the icing of an evaporator (104), of the continuous and automatic type, to
optimizedefrosting in a foodblast chiller,whichoperatesbymeansof a refrigeration circuit (10a, 10b, 10c, 101‑104) at
evaporation temperatures lower than 0°C and is providedwith a defrosting systemof the evaporator, with at least one
opening-closing means (107, 126) of the defrosting system connected to a control logic unit (111) provided with
programs (112) for automatically performing opening and closing on the basis of a detection of variable parameters,
such as temperature; said blast chiller having one cell (105) for preserving foodstuffs and having one compressor
(101), one condenser (102), one expansionmember (103a, 103b) and the evaporator (104) included in a refrigeration
circuit wherein a cooling fluid flows; said defrosting systemhavingmeans for detecting a temperature in the cell and in
the evaporator; said defrosting systembeing alternatively of a hot gas type (10a, 10b, 106‑107) or of an electrical type
with resistors (10c, 125‑126); and wherein, in case of a hot gas defrosting system (10a, 10b), a by-pass line (106a,
106b) is provided inwhich thehot gascomingout of thecompressor (101) is diverted tobedirectly injected toan inlet of
the evaporator (104)without passing through the condenser (102), andwherein the opening-closingmeans is a valve
for adjusting the hot gas flow, of a defrosting valve type or a Hot Gas Defrost Valve (107); and wherein, on the other
hand, in case of an electrical defrosting system (10c), at least one electrical resistor (125) is provided near the
evaporator (104),with theopening-closingmeans (126) intended to control anelectric current supplied to said resistor
(125), by switching it on and/or off like a circuit breaker; said control process (20a, 20b) comprising successively of an
initial Phase of start (200) and stabilization of the system, a Phase of detection (201) of said variable parameters by
means of probes connected to said logic unit (111), a Phase of calculation for opening (202) said opening-closing
means (107, 126), a Phase of opening (203) of said opening-closingmeans (107, 126), a Phase of defrosting (204) in
which defrosting takes places bymeans of said hot gas flowing into the evaporator (104, 106‑107) or bymeans of the
electric current flowing into said resistor (125, 126), a Phase of additional precautionary calculation (205) with an
optional Phaseofwarning (206), aPhaseof calculation for closing (207) said opening-closingmeans (107, 126) anda
final Phase of closing (208) of said opening-closing means (107, 126); wherein said Phase of detection (201) an air
temperature (TC) in the cell (105) and a temperature of the cooling fluid in the evaporator (104) are continuously
detected, comparing them with each other to obtain a detected value for Approach Temperature Difference (ATD),
which corresponds to the difference (ATD1, ATD2, ATD3 or ATD4) between said air temperature in the cell (105) and
said temperature of said cooling fluid obtained with at least one of the following parameters:

• a pressure in the evaporator (Pe), detected by means of a probe (121) at its inlet, corresponding to a gas
saturation temperature (Tsat/e) in the evaporator, wherein ATD1 is equal to an air temperature (Tc) in the cell
minus the gas saturation temperature (Tsat/e) in the evaporator derived from the pressure in the evaporator (Pe);
• an evaporation temperature (Te), detected by means of a probe (122) at the inlet of the evaporator, wherein
ATD2 is equal to the air temperature (Tc) in the cell minus the evaporation temperature (Te);
• a suction temperature (Ts) of the compressor, detected bymeans of a probe (123) at the outlet of the evaporator,
wherein ATD3 is equal to the air temperature (Tc) in the cell minus the suction temperature (Ts);
• a suction pressure (Ps) of the compressor, detected by means of a probe (124) at the outlet of the evaporator,
corresponding to the gas saturation temperature (Tsat/s) in suction, wherein ATD4 is equal to the air temperature
(Tc) in the cell minus the gas saturation temperature (Tsat/s) derived from the suction pressure (Ps);

said control process (20a, 20b), wherein in a first calculation logic (20a, LC1) the detected variation of ATD (201,
ATD1-ATD4) is an increase, continuously assessed according to respective opening (113a, 202) and closing
algorithms (114a, 207), or wherein in a second calculation logic (20b, LC2) said detected variation of ATD is a
growth rate, continuously assessed according to respective opening (113b, 202) and closing algorithms (114b, 207);
and wherein in said Phases of calculation for opening (202) and for closing (207) said opening-closing means (107,
126) the detected values of ATD (201, ATD1-ATD4) are processed according to said opening algorithms (113a‑113b,
202) and closing algorithms (114a‑114b, 207), which are intended to automatically open (203) and close (208) said
opening-closingmeans (107, 126) in such away as to dynamically start and end the Phase of defrosting (204) during
ordinary operation, with foodstuffs in the cell, keeping the evaporator (104) in a controlled minimum icing condition
corresponding to a frost coat that does not provide thermal insulation; and wherein said opening algorithms
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(113a‑113b, 202), in said Phase of opening (203), automatically open said opening-closing means (107, 126) in
correspondence of a positive variation of ATD due to the ice that starts forming on top of said coat acting as thermal
insulation; and wherein said closing algorithms (114a‑114b, 207), in said Phase of closing (208), automatically close
said opening-closing means (107, 126) in correspondence of an opposite variation of ATD due to the melting of said
ice; said opening (113a‑113b, 202) and closing algorithms (114a‑114b, 207) considering a tolerated variation (vtATD,
vtTanATD)with respect to apre-set optimal value (ATDset, TanATDset), likeamargin for theordinary operativenessof
the refrigeration circuit (101‑104, 111‑112); said algorithms (113a, 113b, 114a, 114b) being included in said programs
(112) of said control logic (111) of the blast chiller.

2. Control process (20a) according to claim 1, characterised in that, according to said first calculation logic (LC1), said
Phaseof opening (203) is startedas soonas theopeningalgorithm (113a, 202) calculates that the detected valueATD
(201) is higher than or equal to the pre-set optimal value (ATDset) plus a tolerated variation (vtATD), thus applying one
of the following cases according to the detected parameters (Pe, Ps, Te, Ts):

•

•

•

•

3. Control process (20a) according to the previous claim, characterised in that saidPhase of closing (208) is started as
soonas theclosingalgorithm (114a,202) calculates that thedetectedvalueATD(201) is lower thanorequal to thepre-
set optimal value (ATDset) minus twice said tolerated variation (vtATD), thus applying one of the following cases
according to the detected parameters (Pe, Ps, Te, Ts):

•

•

•

•

4. Control process (20b) according to claim 1, characterised in that, according to said second calculation logic (LC2),
saidPhaseof opening (203) is startedas soonas theopeningalgorithm (113b) calculates that the tangent (TanATD)of
the detected value ATD (201) is higher than or equal to a pre-set optimal value for said tangent (TanATDset):

•
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5. Control process (20b) according to the previous claim, characterised in that saidPhase of closing (208) is started as
soon as the closing algorithm (114b) calculates that said tangent (TanATD) of the detected value ATD (201) is lower
than said pre-set optimal value (TanATDset) minus a tolerated variation (vtTanATD):

•

6. Control process (20a, 20b) according to claim 1, characterised in that said Phase of closing (208) of said opening-
closing means (107, 126) is started when in a Phase of precautionary calculation (205) the maximum duration in the
Phase of defrosting (204) is exceeded, that is to say, when:

•

and wherein said Phase of closing (208) is also started when in said Phase of precautionary calculation (205) there is
an excessive increase in the temperature in the cell (105), that is to say, when the detected temperature (Tc, 120) is
higher than a pre-set optimal temperature (Tc/set) plus a tolerated variation (vtTc):

•

Patentansprüche

1. Steuerungsprozess (20a, 20b) zur Steuerung der Vereisung eines Verdampfers (104) des kontinuierlichen und
automatischen Typs, um das Abtauen in einem Lebensmittel-Schnellkühler zu optimieren, der mittels eines Kühl-
kreislaufs (10a, 10b, 10c, 101‑104) bei Verdampfungstemperaturen unter 0°C arbeitet und mit einem Abtausystem
des Verdampfers ausgestattet ist, wobei mindestens ein Öffnungs‑/Schließmittel (107, 126) des Abtausystems mit
einerSteuerlogikeinheit (111) verbunden ist, diemit Programmen (112) zur automatischenDurchführungdesÖffnens
und Schließens auf der Grundlage einer Erfassung variabler Parameter, wie z. B. der Temperatur, automatisch
durchzuführen;wobeiderSchnellkühler eineZelle (105) zumKonservierenvonLebensmittelnundeinenKompressor
(101), einen Kondensator (102), ein Expansionselement (103a, 103b) und den Verdampfer (104) aufweist, die in
einemKühlkreislauf enthalten sind, in dem ein Kältemittel fließt; das besagte Abtausystemweist Mittel zumErfassen
einer Temperatur in der Zelle und im Verdampfer auf; das besagte Abtausystem ist alternativ vom Heißgastyp (10a,
10b, 106‑107) oder vom elektrischen Typ mit Widerständen (10c, 125‑126); und wo im Fall eines Heißgas-
Abtausystems (10a, 10b) eine Bypass-Leitung (106a, 106b) vorgesehen ist, in der das aus dem Kompressor
(101) austretende Heißgas umgeleitet wird, um direkt in den Einlass des Verdampfers (104) eingespritzt zu werden,
ohne durch den Kondensator (102) zu strömen, und wo das Öffnungs‑/Schließmittel ein Ventil zum Einstellen des
Heißgasstroms ist, vomTypeinesAbtauventilsodereinesHeißgas-Abtauventils (107); undwohingegen imFall eines
elektrischen Abtausystems (10c) mindestens ein elektrischer Widerstand (125) in der Nähe des Verdampfers (104)
vorgesehen ist, wo die Öffnungs- /Schließvorrichtung (126) dazu dient, den dem Widerstand (125) zugeführten,
elektrischen Strom zu steuern, indem sie diesen wie ein Schutzschalter ein- und/oder ausschaltet; der besagte
Steuerungsprozess (20a, 20b) beinhaltet derReihenacheineanfänglicheStartphase (200) undeineStabilisierungs-
phase des Systems, eine Erfassungsphase (201) der besagten variablen Parameter mittels Fühlern, die mit der
besagten Logikeinheit (111) verbunden sind, eine Berechnungsphase zumÖffnen (202) der besagtenÖffnungs- und
Schließvorrichtung (107, 126), eine Öffnungsphase (203) der Öffnungs‑/Schließvorrichtung (107, 126), eine Abtau-
phase (204), in der der Abtauprozess durch das in den Verdampfer (104, 106‑107) strömende Heißgas oder durch
den in den Widerstand (125, 126) geleiteten, elektrischen Strom erfolgt, eine Phase zusätzlicher vorsorglicher
Berechnung (205)mit einer optionalen Phase derWarnung (206), einer Phase der Berechnung zumSchließen (207)
der Öffnungs‑/Schließvorrichtung (107, 126) und einer abschließenden Phase des Schließens (208) der Öff-
nungs‑/Schließvorrichtung (107, 126); eine Abtauphase (204), in der das Abtauen durch das in den Verdampfer
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(104, 106‑107) strömende Heißgas oder durch den in den Widerstand (125, 126) geleiteten elektrischen Strom
erfolgt, eine Phase zusätzlicher Sicherheitsberechnung (205) mit einer optionalen Warnphase (206), eine Berech-
nungsphase zum Schließen (207) der Öffnungs‑/Schließvorrichtung (107, 126) und eine Abschlussphase zum
Schließen (208) der Öffnungs‑/Schließvorrichtung (107, 126); wobei in der Erfassungsphase (201) eine Lufttempe-
ratur (TC) in der Zelle (105) und eine Temperatur des Kältemittels im Verdampfer (104) kontinuierlich erfasst werden
und miteinander verglichen werden, um einen erfassten Wert für die Annäherungstemperaturdifferenz (ATD) zu
erhalten, die der Differenz (ATD1, ATD2, ATD3 oder ATD4) zwischen der Lufttemperatur in der Zelle (105) und der
Temperatur des Kältemittels entspricht, die anhandmindestens eines der folgenden Parameter ermittelt wird: Phase
des Abtauvorgangs (204), in der das Abtauen durch das in den Verdampfer (104, 106‑107) strömendeHeißgas oder
durch den in denWiderstand (125, 126) geleiteten elektrischen Strom erfolgt, eine Phase zusätzlicher vorsorglicher
Berechnung (205)mit einer optionalenPhasederWarnung (206), einer Berechnungsphase zumSchließen (207) der
Öffnungs‑/Schließvorrichtung (107, 126) und einer Abschlussphase des Schließens (208) der Öffnungs‑/Schließ-
vorrichtung (107, 126); wo in der Erfassungsphase (201) eine Lufttemperatur (TC) in der Zelle (105) und eine
Temperatur des Kältemittels im Verdampfer (104) kontinuierlich erfasst werden, sie miteinander verglichen werden,
um einen erfasstenWert für die Annäherungstemperaturdifferenz (ATD) zu erhalten, die der Differenz (ATD1, ATD2,
ATD3 oder ATD4) zwischen der Lufttemperatur in der Zelle (105) und der Temperatur des Kältemittels entspricht, die
mit zumindest einem der folgenden Parameter ermittelt wird:

• Ein Druck im Verdampfer (Pe), der mittels eines Fühlers (121) an seinem Einlass erfasst wird, entsprechend
einer Gassättigungstemperatur (Tsat/e) im Verdampfer, wobei ATD1 einer Lufttemperatur (Tc) in der Zelleminus
der Gassättigungstemperatur (Tsat/e) im Verdampfer entspricht, die aus dem Druck im Verdampfer (Pe) abge-
leitet wird;
• (Te), erfasstmittels einesFühlers (122) amEinlass desVerdampfers, wobei ATD2der Lufttemperatur (Tc) in der
Zelle minus der Verdampfungstemperatur (Te) entspricht;
• eine Ansaugtemperatur (Ts) des Kompressors, die durch einen Fühler (123) am Auslass des Verdampfers
erfasst wird, wo ATD3 der Lufttemperatur (Tc) in der Zelle minus der Ansaugtemperatur (Ts) entspricht;
• ein Ansaugdruck (Ps) des Kompressors, der mittels eines Fühlers (124) am Auslass des Verdampfers erfasst
wird, entsprechend der Gassättigungstemperatur (Tsat/s) beim Ansaugen, wo ATD4 der Lufttemperatur (Tc) in
der Zelleminus derGassättigungstemperatur (Tsat/s) entspricht, die aus demAnsaugdruck (Ps) abgeleitet wird;

Besagter Kontrollprozess (20a, 20b), wo in einer ersten Berechnungslogik (20a, LC1) die erfasste Variation von ATD
(201, ATD1-ATD4) eine Steigerung ist, die entsprechend den jeweiligen Öffnungs‑ (113a, 202) und Schließalgorith-
men (114a, 207) kontinuierlich bewertet wird, oder wo in einer zweiten Berechnungslogik (20b, LC2) die erfasste
Variation von ATD eine Wachstumsrate ist, die entsprechend den jeweiligen Öffnungs‑ (113b, 202) und Schließ-
algorithmen (114b, 207) kontinuierlich bewertet wird; und wo in den Berechnungsphasen für das Öffnen (202) und
Schließen (207) der Öffnungs‑/Schließvorrichtung (107, 126) die erfassten Werte von ATD (201, ATD1-ATD4)
entsprechend den Öffnungsalgorithmen (113a‑113b, 202) und Schließalgorithmen (114a‑114b, 207) bearbeitet
werden, die dazu bestimmt sind, die Öffnungs-Schließ-Vorrichtung (107, 126) automatisch zu öffnen (203) und
zu schließen (208), um die Abtauphase (204) während des Normalbetriebsmit Lebensmitteln in der Zelle dynamisch
zu starten und zu beenden, wobei der Verdampfer (104) in einem kontrollierten minimalen Vereisungszustand
gehaltenwird, der einerReifschicht entspricht, die keineWärmeisolierung bietet; undwobei dieÖffnungsalgorithmen
(113a‑113b, 202) in derÖffnungsphase (203) dieÖffnungs-Schließ-Einrichtung (107, 126) automatisch öffnen, wenn
eine positive Änderung desATDaufgrund desEises auftritt, das sich auf der alsWärmedämmungwirkendenSchicht
zu bilden beginnt; und wo die Schließalgorithmen (114a‑114b, 207) in der Schließphase (208) die Öffnungs-Schließ-
Einrichtung (107, 126) automatisch entsprechend einer entgegengesetzten Änderung des ATD aufgrund des
Schmelzens des Eises schließen; wobei die Öffnungs- (113a‑113b, 202) und Schließalgorithmen (114a‑114b,
207) berücksichtigen eine zulässige Abweichung (vtATD, vtTanATD) in Bezug auf einen voreingestellten optimalen
Wert (ATDset, TanATDset), wie einen Spielraum für die normale Funktionsfähigkeit des Kühlkreislaufs (101‑104,
111‑112); wobei die Algorithmen (113a, 113b, 114a, 114b) in den Programmen (112) der Steuerlogik (111) des
Schnellkühlers integriert sind.

2. Steuerungsprozess (20a) gemäßAnspruch1,dadurchgekennzeichnet, dassgemäßder erstenBerechnungslogik
(LC1) die Öffnungsphase (203) gestartet wird, sobald der Öffnungsalgorithmus (113a, 202) errechnet, dass der
erfassteWert ATD (201) höher oder genauso hoch ist wie der voreingestellte, optimaleWert (ATDset) zuzüglich einer
zulässigen Abweichung (vtATD), und somit gemäß den erfassten Parametern (Pe, Ps, Te, Ts) einen der folgenden
Fälle anwendet:

•
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•

•

•

3. Steuerungsprozess (20a) gemäß dem vorherigen Anspruch, dadurch gekennzeichnet, dass besagte Schließ-
phase (208) gestartet wird, sobald der Schließalgorithmus (114a, 202) errechnet, dass der erfasste Wert ATD (201)
kleiner oder identisch mit dem voreingestellten, optimalen Wert (ATDset) abzüglich zweimal der zulässigen Abwei-
chung (vtATD) ist, und somit einen der folgenden Fälle gemäß den erfassten Parametern (Pe, Ps, Te, Ts) anwendet:

•

•

•

•

4. Steuerungsprozess (20b) gemäß Anspruch 1, gekennzeichnet dadurch, dass gemäß der zweiten Berechnungs-
logik (LC2) die Öffnungsphase (203) gestartet wird, sobald der Öffnungsalgorithmus (113b) errechnet, dass der
Tangens (TanATD) des erfassten Wertes ATD (201) höher oder genauso hoch ist wie ein voreingestellter optimaler
Wert für den Tangens (TanATDset) ist:

•

5. Steuerungsprozess (20b) gemäß dem vorherigen Anspruch, gekennzeichnet dadurch, dass die Phase des
Schließens (208) gestartet wird, sobald der Schließalgorithmus (114b) errechnet, dass der Tangens (TanATD)
des erfassten Wertes ATD (201) niedriger ist als der voreingestellte, optimale Wert (TanATDset) abzüglich einer
zulässigen Abweichung (vtTanATD) ist:

•

6. Steuerungsprozess (20a, 20b) gemäßAnspruch1,dadurchgekennzeichnet, dassdiePhasedesSchließens (208)
derÖffnungs‑/Schließvorrichtung (107, 126)gestartetwird,wenn ineinerPhasederSicherheitsberechnung (205)die
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maximale Dauer in der Phase des Abtauvorgangs (204) überschritten wird, d. h. wenn:

•

undwodiePhasedesSchließens (208) auchdanneingeleitetwird, wenn in der Phaseder vorsorglichenBerechnung
(205)ein übermäßigerTemperaturanstieg inderZelle (105)eintritt, d. h.wenndieerfassteTemperatur (Tc, 120)höher
ist als eine voreingestellte, optimale Temperatur (Tc/set) zuzüglich einer zulässigen Abweichung (vtTc): Tc > Tc/set +
vtTc.

Revendications

1. Processus de contrôle (20a, 20b) pour le contrôle du givrage d’un évaporateur (104) de type continu et automatique,
afin d’optimiser le dégivrage d’un refroidisseur à courant d’air alimentaire, opérant au moyen d’un circuit de
réfrigération (10a, 10b, 10c, 101‑104) à des températures d’évaporation inférieures à 0 °C et fourni avec un système
de dégivrage de l’évaporateur, avec au moins un moyen d’ouverture-de fermeture (107, 126) du système de
dégivrage raccordé à une unité de logique de contrôle (111) fournie avec des programmes (112) pour procéder
automatiquement à l’ouverture et à la fermeture sur la base d’une détection de paramètres variables, comme la
température, ledit refroidisseur à courant d’air étant doté d’une cellule (105) pour préserver les aliments et d’un
compresseur (101), d’un condenseur (102), d’un organe d’expansion (103a, 103b) et de l’évaporateur (104) inclus
dans un circuit de réfrigération dans lequel circule un fluide de refroidissement, ledit système de dégivrage étant doté
d’un moyen de détection de la température dans la cellule et dans l’évaporateur, ledit système de dégivrage étant
alternativement de type à gaz chaud (10a, 10b, 106‑107) ou de type électrique avec résistances (10c, 125‑126), et
dans lequel, pour un système de dégivrage à gaz chaud (10a, 10b), une conduite de dérivation (106a, 106b) est
prévuedans laquelle le gazchauden sortie du compresseur (101) est dévié pour être directement injectéà l’entréede
l’évaporateur (104) sans passer à travers le condenseur (102), et dans lequel le moyen d’ouverture-de fermeture est
une soupape pour ajuster le débit de gaz chaud, de type soupape de dégivrage ou d’une soupape de dégivrage à gaz
chaud (107) et dans lequel, d’une part, pour un système de dégivrage électrique (10c), au moins une résistance
électrique (125) est prévue à proximité de l’évaporateur (104), avec le moyen d’ouverture-de fermeture (126) prévu
pour contrôler un courant électrique fourni par ladite résistance (125) par commutation surOnet/ou surOff commeun
disjoncteur, ledit processus de contrôle (20a, 20b) comprenant successivement une phase initiale de démarrage
(200) et de stabilisation du système, une phase de détection (201) desdits paramètres variables aumoyen de sondes
raccordées à ladite unité logique (111), une phase de calcul pour l’ouverture (202) dudit moyen d’ouverture-de
fermeture (107, 126), une phase d’ouverture (203) dudit moyen d’ouverture-de fermeture (107, 126), une phase de
dégivrage (204) durant laquelle intervient le dégivrage au moyen dudit flux de gaz chaud dans l’évaporateur (104,
106‑107) ou au moyen du courant électrique circulant dans ladite résistance (125, 126), une phase de calcul de
précaution supplémentaire (205) avec une phase optionnelle de réchauffement (206), une phase de calcul pour la
fermeture (207) dudit moyen d’ouverture-de fermeture (107, 126) et une phase finale de fermeture (208) dudit moyen
d’ouverture-de fermeture (107, 126), avec durant ladite phase de détection (201) la détection continue de la
température de l’air (TC) dans la cellule(105) et de la température du fluide de refroidissement dans l’évaporateur
(104), ces valeurs étant comparées entre elles pour obtenir une valeur détectée de l’écart de température d’approche
(ATD), qui correspond à l’écart (ATD1, ATD2, ATD3 ou ATD4) entre ladite température de l’air dans la cellule (105) et
ladite température dudit fluide de refroidissement obtenu avec au moins l’un des paramètres suivants :

• la pression dans l’évaporateur (Pe), détectée au moyen d’une sonde (121) en entrée, correspondant à la
température de saturation du gaz (Tsat/e) dans l’évaporateur, la valeur ATD1 étant égale à la température de l’air
(Tc) dans la cellule moins la température de saturation du gaz (Tsat/e) dans l’évaporateur dérivée de la pression
dans l’évaporateur (Pe) ;
• la température d’évaporation (Te), détectée au moyen d’une sonde (122) en entrée de l’évaporateur, la valeur
ATD2 étant égale à la température de l’air (Tc) dans la cellule moins la température d’évaporation (Te) ;
• la température d’aspiration (Ts) du compresseur, détectée au moyen d’une sonde (123) en sortie de l’évapo-
rateur, la valeur ATD3 étant égale à la température de l’air (Tc) dans la cellule moins la température d’aspiration
(Ts) ;
• la pression d’aspiration (Ps) du compresseur, détectée aumoyen d’une sonde (124) en sortie de l’évaporateur,
correspondant à la température de saturation du gaz (Tsat/s) aspiré, la valeur ATD4 étant égale à la température
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de l’air (Tc) dans la cellule moins la température de saturation du gaz (Tsat/s) dérivée de la pression d’aspiration
(Ps) ;

ledit processus de contrôle (20a, 20b) durant lequel, dans une première logique de calcul (20a, LC1), l’écart détecté
de la valeur ATD (201, ATD1-ATD4) est une augmentation, évaluée en continu conformément aux algorithmes
d’ouverture (113a, 202) et de fermeture respectifs (114a, 207) ou durant lequel, dans une deuxième logique de calcul
(20b, LC2), ledit écart détecté de la valeur ATD est un taux de croissance, évalué en continu conformément aux
algorithmes d’ouverture (113b, 202) et de fermeture respectifs (114b, 207) et durant lequel, durant lesdites phases de
calcul pour l’ouverture (202) et pour la fermeture (207) dudit moyen d’ouverture-de fermeture (107, 126), les valeurs
détectées ATD (201, ATD1-ATD4) sont traitées conformément auxdits algorithmes d’ouverture (113a‑113b, 202) et
de fermeture (114a‑114b, 207), qui sont conçus pour automatiquement ouvrir (203) et fermer (208) ledit moyen
d’ouverture-de fermeture (107, 126) demanière à démarrer et terminer dynamiquement la phase de dégivrage (204)
en fonctionnement normal, avec des aliments dans la cellule, maintenant l’évaporateur (104) dans un état de givrage
minimal contrôlé correspondant àunecouchedegivre n’assurant pasune isolation thermique, et durant lequel lesdits
algorithmes d’ouverture (113a‑113b, 202), durant ladite phase d’ouverture (203), ouvrent automatiquement ledit
moyen d’ouverture-de fermeture (107, 126) en fonction d’un écart positif de la valeur ATD dû à de la glace qui
commence à se former sur ladite couche assurant une isolation thermique, et durant lequel lesdits algorithmes de
fermeture (114a‑114b, 207), durant ladite phase de fermeture (208), ferment automatiquement ledit moyen d’ou-
verture-de fermeture (107, 126) en fonction d’un écart opposé de la valeur ATD dû à la fonte de ladite glace, lesdits
algorithmes d’ouverture (113a‑113b, 202) et de fermeture (114a‑114b, 207) tenant compte d’un écart toléré (vtATD,
vtTanATD) par rapport à une valeur optimale prédéfinie (ATDset, TanATDset), comme une marge pour l’opérativité
ordinaire du circuit de réfrigération (101‑104, 111‑112), lesdits algorithmes (113a, 113b, 114a, 114b) étant inclus dans
lesdits programmes (112) de ladite logique de contrôle (111) du refroidisseur à courant d’air.

2. Processusdecontrôle (20a) selon la revendication1,caractériséenceque, conformémentà laditepremière logique
de calcul (LC1), ladite phase d’ouverture (203) démarre dès que l’algorithme d’ouverture (113a, 202) calcule que la
valeur détectée ATD (201) est supérieure ou égale à la valeur optimale prédéfinie (ATDset) plus un écart toléré
(vtATD), appliquant ainsi l’un des cas suivants aux paramètres détectés (Pe, Ps, Te, Ts) :

•

•

•

•

3. Processus de contrôle (20a) selon la revendication précédente, caractérisé en ce que, ladite phase de fermeture
(208) démarre dès que l’algorithme de fermeture (114a, 202) calcule que la valeur détectée ATD (201) est inférieure
ou égale à la valeur optimale prédéfinie (ATDset) moins deux fois ledit écart toléré (vtATD), appliquant ainsi l’un des
cas suivants aux paramètres détectés (Pe, Ps, Te, Ts) :

•

•
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•

•

4. Processus de contrôle (20b) selon la revendication 1, caractérisé en ce que, conformément à ladite deuxième
logiquedecalcul (LC2), ladite phased’ouverture (203) démarre dèsque l’algorithmed’ouverture (113b) calculeque la
tangente (TanATD) de la valeur détectée ATD (201) est supérieure ou égale à la valeur optimale prédéfinie de ladite
tangente (TanATDset) :

•

5. Processus de contrôle (20b) selon la revendication précédente, caractérisé en ce que ladite phase de fermeture
(208) démarre dès que l’algorithme de fermeture (114b) calcule que ladite tangente (TanATD) de la valeur détectée
ATD (201) est inférieure à ladite valeur optimale prédéfinie (TanATDset) moins un écart toléré (vtTanATD) :

•

6. Processus de contrôle (20a, 20b) selon la revendication 1, caractérisé en ce que ladite phase de fermeture (208)
duditmoyend’ouverture-de fermeture (107, 126) démarre lorsque, durant unephasede calcul de précaution (205), la
durée maximale de la phase de dégivrage (204) est dépassée, c’est-à-dire lorsque :

•

et durant lequel ladite phase de fermeture (208) démarre aussi lorsque, durant ladite phase de calcul de précaution
(205), est constatée une hausse excessive de la température dans la cellule (105), c’est-à-dire, lorsque la
températuredétectée (Tc, 120) est supérieureà la températureoptimaleprédéfinie (Tc/set) plus unécart toléré (vtTc) :

•
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