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Description

This invention relates to a refrigeration system
and particularly to temperature monitor apparatus
for a refrigeration system.

In refrigeration systems temperature monitoring
of refrigerant fluid is used in the effective running
of the system. Particularly in a system of the type
described in U.S. Patent No. 3 343 375, it is
important to detect the onset of a "defrost" situ-
ation, achieved by reverse fluid flow to the evap-
orator, so that appropriate consequential action,
such as the correct instant for defrost termination,
may be determined locally to the evaporator. Moni-
tforing the rate of temperature change, for determin-
ing defrost intervals, has also been proposed in the
refrigeration system of US-A-4689965 and, for de-
termining whether a defrost cycle must be inititat-
ed, in the heat pump system of Patent Abstracts of
Japan Vol. 7 No. 50 (M-197)[1195]. A conventional
method of detecting the onset of defrost is to
measure the temperature of the refrigerant in the
suction line (normal output from the evaporator) of
the system. In normal running, the temperature of
refrigerant in the suction line only increases above
a predetermined value during the defrost cycle.
However, this value may also be exceeded due to
system failure and some actions appropriate during
a defrost situation are most inappropriate if the
system fails, eg. the activation of local electrical
heating which is normally used during defrost to
assist defrost or to keep drains clear of ice. Using
the conventional temperature monitoring method
the system cannot differentiate between normal
defrost and refrigeration failure.

It is an object of the present invention to pro-
vide a refrigeration system having a new and im-
proved form of temperature monitoring.

According to the present invention this object
is achieved by a refrigeration system comprising
the features defined in claim 1.

The defrost monitor may include a thermistor
probe located adjacent to the evaporator output
(suction line) or incorporated into a section of the
evaporator, the probe being connected to a prog-
rammable controller within the monitor which is
connected to a second thermistor probe within the
chamber and being capable of activating a valve or
local electrical heater for the purpose of assisting
defrost action during a defrost process or alter-
natively the monitor may initiate an alarm. Addition-
ally a thermostat may be located in the chamber to
be refrigerated and connected to control a valve for
regulating refrigeration.

An embodiment of the present invention will
now be described by way of example and with
reference to the accompanying schematic drawing.
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In the schematic drawing a refrigeration system
10, comprises an evaporator section 10A having an
evaporator 14, located within a chamber 16, con-
nected through a conventional system of valves
and pipework indicated at 12 to refrigerant delivery
means 17 having a condenser and compressor (not
shown). The evaporator 14 and condenser are ther-
mal fransfer devices the pipework containing a
compressible thermal transfer refrigerant in fluid
form, conveniently a Freon (R T M).

A number of valves are shown, including a first
pair of valves 20A and 20B in the evaporator sec-
tion 10A which are non-return valves constraining
refrigerant flow in only one direction. Isolating
valves 22A, 22B, are solenoid valves electrically
operated as will be explained to provide either
normal refrigeration or a defrost process within the
evaporator section 10A.

A defrost monitor 24 comprises a thermistor
probe 26 located adjacent to the evaporator 14 in
the suction line of pipework 12A, probe 26 being
connected to a programmable controller 28 pro-
vided in accordance with the present invention and
located within monitor 24 to which is connected a
second thermistor probe 30. The thermistor probe
30 detects air temperatures within chamber 16 and
is arranged to activate valve 22A or a local elec-
trical heater 32 to assist the defrost action during
the defrost cycle. Conventionally a thermostat 22C
is provided with a probe located within the cham-
ber 16 and controls or regulates the valve 22B in
on/off manner such that when refrigeration is tem-
porarily to be terminated, the thermostat 22C will
act to close valve 22B. Thermostat 22C and valve
22B may be interconnected via controller 28.

During normal refrigeration, circulating refriger-
ant from delivery means 17 enters the evaporator
14 from a line 12B from a heat exchanger 34,
through solenoid valve 22B and a liquid-to-gas ex-
pansion valve 36. The slightly heated refrigerant
leaves the evaporator 14 through line 12A, also
known as the suction line, and through the heat
exchanger 34 and the non-return valve 20A prior fo
returning to the means 17 via line 12C, the refriger-
ant removing heat from the region of the chamber
16 adjacent to the evaporator 14 and this heat
being dissipated in the refrigerant delivery means
17 mainly through the condenser thereof. The re-
frigerant is compressed in the compressor of the
means 17 prior to the condenser.

During a defrost process valve 22A is opened
and the evaporator 14 is heated. This is achieved
by forcing relatively heated refrigerant fluid from
refrigerant delivery means 17 in reverse flow along
line 12C through solenoid valve 22A, into the suc-
tion line of evaporator 14 and out through non-
return valve 20B returning to means 17 via line
12B. The relatively heated refrigerant fluid may be
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delivered in liquid form by the output of the com-
pressor of means 17 or in saturated gas form from
the defrost header of means 17 as explained in US
3343375.

Any change in temperature of refrigerant adja-
cent to the evaporator 14 is detected by the ther-
mistor probe 26. Preset low and high temperature
values are entered in the reprogrammable control-
ler 28 and the temperature rise in the refrigerant
between the low and high values is timed and
compared with a preset time known to be that
taken to indicate the onset of a normal defrost
process and also stored in the controller 28. By
way of example, for frozen food, a suitable indica-
tion of the onset of the defrost is that the measured
temperature, ie. the temperature at thermistor
probe 26, rises from -8°C to more than +2°C in
less than two minutes. If the measured temperature
remains above the preset low temperature but be-
low the preset high temperature for longer than the
preset time, (in the above example two minutes),
then the system 10 may possibly not be under-
going a defrost cycle and is assumed to be at fault,
as a result of which the controller 28 intiates an
alarm. This condition happens before any detect-
able rise in the temperature of product within the
chamber 16 so that timeous action may be taken
such as removal of product to another refrigeration
cabinet. If, however, the monitored temperature
rises to the preset higher value in the preset time
then a defrost condition has started and heater 32
will be switched on to assist defrost. When defrost
terminator conditions are detected, eg., tempera-
ture at air probe 30 rises above a maximum preset
value, the heater is switched off again and valve
22A closed to terminate the defrost condition.

Appropriate temperature values may be input
into the controller 28 according to the type of
frozen goods stored within chamber 16, eg. for
meat and dairy products the time taken for the
refrigerant to heat up from +3 to +8°C to be
under three minutes is an acceptable standard.

It will be appreciated that the chamber 16 may
be hermetically sealed or open to external con-
ditions.

It will be further appreciated that the aforemen-
tioned refrigeration systems can be multi-branched
ie. refrigerant delivery means 17 may drive a num-
ber of evaporators 14 or "stubs". For successful
operation of these systems and to provide suffi-
cient energy for defrost a number of "stubs" are in
refrigeration mode whilst the stub requiring defrost
is provided with the exchange in energy for suc-
cessful defrost.
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Claims

1. A refrigeration system (10) comprising an
evaporator (14) located in a chamber (16),
means (17) for delivering refrigerant fluid to the
evaporator (14), and control means (22C,22B)
for automatically selectively directing the fluid
flow either in a first fluid flow direction fo
enable the chamber (16) to be refrigerated or
in a reverse fluid flow direction to enable the
evaporator (14) to be defrosted, characterised
by a monitoring arrangement (24,26,28,30) as-
sociated with the chamber (16) and operable to
activate an alarm during a system fault con-
dition, such system fault condition being dif-
ferent from the refrigeration and defrost con-
ditions established by the control means
(22C,22B), the monitoring arrangement com-
prising means (26, 30) for measuring the tem-
perature of the refrigerant fluid in the vicinity of
the evaporator (14) and means (28) for assess-
ing rate of temperature change of the refriger-
ant fluid, said monitoring arrangement being
operable to assess the time taken for a change
between preset low and high temperatures to
be attained by the refrigerant fluid and to com-
pare this time with a preset time whereby to
distinguish between a defrost condition estab-
lished by the control means (22C,22B), when
the assessed time does not exceed the preset
time, and a system fault condition, when the
assessed time exceeds the preset time.

2. A refrigeration system (10) as claimed in claim
1 characterised in that said monitoring arrange-
ment includes a thermistor probe (26) located
adjacent to the evaporator output or incorpo-
rated into a section of the evaporator (14), the
probe (26) being connected to a programma-
ble controller (28) which is connected to a
second thermistor probe (30) within the cham-
ber (16), the controller (28) being capable of
activating a valve (22A) or local electric heater
(32) for the purpose of assisting defrost action
during a defrost condition established by the
control means (22C,22B).

Patentanspriiche

1. Kihlungssystem (10), mit einem Verdampfer
(14), der sich in einer Kammer (16) befindet,
einem Mittel (17) zur Zuflihrung von Kiltemit-
tel-Fluid zum Verdampfer (14) und einem Re-
glermittel (22C, 22B) zur automatischen und
selektiven Lenkung des Fluidstroms entweder
in eine erste Strdmungsrichtung des Fluids,
um ein Kiihlen der Kammer (16) zu ermdgli-
chen, oder in eine umgekehrte Strémungsrich-
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tung des Fluid, um ein Abtauen des Verdamp-
fers (14) zu ermdglichen, gekennzeichnet
durch eine Kontrollvorrichtung (24, 26, 28, 30),
die der Kammer (16) zugeordnet ist und die so
wirksam ist, das bei einem Stdrungszustand
des Systems ein Alarm ausgeldst wird, wobei
sich dieser Stérungszustand des Systems vom
Kihl- und vom Abtauzustand unterscheidet,
welche durch das Reglermittel (22C, 22B) be-
stimmt sind, und wobei die Kontrollvorrichtung
Mittel (26, 30) zur Messung der Temperatur
des Kéiltemittel-Fluids in der Ndhe des Ver-
dampfers (14) und Mittel (28) zur Bewertung
der Rate der Temperaturdnderung des Kilte-
mittel-Fluids hat, wobei die Kontrollvorrichtung
in der Lage ist, die Zeit zu bewerten, die
gebraucht wird, um eine Anderung zwischen
vorgegebenen niedrigen und hohen Tempera-
turen des Kéltemittel-Fluids zu erreichen, und
diese Zeit mit einer vorgegebenen Zeit zu ver-
gleichen, wodurch es mdglich ist, zwischen
einem Abtauzustand, der durch das Reglermit-
tel (22C, 22B) bestimmt ist, wenn die bewerte-
te Zeit die vorgegebene Zeit nicht Ubersteigt,
und einem Stdrungszustand des Systems,
wenn die bewertete Zeit die vorgegebene Zeit
Ubersteigt, zu unterscheiden.

Kihlungssystem (10) nach Anspruch 1, ge-
kennzeichnet dadurch, daB die Kontrollvorrich-
tung eine Thermistorsonde (26) hat, die sich in
der N3he des Ausgangs des Verdampfers bef-
indet oder die in einen Abschnitt des Ver-
dampfers (14) einbezogen ist, wobei die Sonde
(26) mit einem programmierbaren Regler (28)
verbunden ist, der mit einer zweiten Thermi-
storsonde (30) innerhalb der Kammer (16) ver-
bunden ist, wobei der Regler (28) ein Ventil
(22A) oder eine lokale elekirische Heizvorrich-
tung (32) mit dem Zweck aktivieren kann, den
Abtauvorgang wahrend eines Abtauzustands,
der durch das Reglermittel (22C, 22B) bewirkt
wurde, zu unterstlitzen.

Revendications

Un systéme de réfrigération (10) comprenant
un évaporateur (14) agencé dans une chambre
(16), un moyen (17) pour fournir du fluide
réfrigérant & I'évaporateur (14) et un moyen de
commande (22C, 22B) pour diriger de fagon
automatique et sélective I'écoulement du flui-
de, ou bien dans une premiére direction
d'écoulement du fluide pour permetire la réfri-
gération de la chambre (16), ou bien dans une
direction inverse d'écoulement du fluide pour
permetire le dégivrage de I'évaporateur (14),
caractérisé par un dispositif de surveillance
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(24, 26, 28, 30), associé avec la chambre (16)
et pouvant étre actionné pour activer une alar-
me dans un éitat de défaut du systéme, cet
état de défaut du sysiéme étant différent des
états de réfrigération et de dégivrage établis
par le moyen de commande (22C, 22B), le
dispositif de surveillance comprenant un
moyen (26, 30) pour mesurer la température
du fluide réfrigérant au voisinage de I'évapora-
teur (14) et un moyen (28) pour évaluer la
vitesse du changement de la température du
fluide réfrigérant, ledit dispositif de surveillance
pouvant étre actionné pour évaluer le temps
nécessaire 3 |'adoption d'un changement entre
des températures basses et élevées préré-
glées par le fluide réfrigérant et pour comparer
ce temps avec un temps préréglé, pour pou-
voir faire ainsi la distinction entre un état de
dégivrage établi par le moyen de commande
(22C, 22B), lorsque le temps évalué ne dépas-
se pas le temps préréglé, et un état de défaut
du systéme, lorsque le temps évalué dépasse
le temps préréglé.

Un systtme de réfrigération (10) selon la re-
vendication 1, caractérisé en ce que ledit dis-
positif de surveillance englobe une sonde 2
thermistance (26) agencée prés de la sortie de
I'évaporateur ou incorporée dans une section
de lévaporateur (14), la sonde (26) étant
connectée & un dispositif de commande pro-
grammable (28), connecté & une deuxiéme
sonde & thermistance (30), & l'intérieur de la
chambre (16), le dispositif de commande (28)
étant capable d'actionner une soupape (22A)
ou un dispositif de chauffage électrique local
(32) en vue d'assister I'action de dégivrage au
cours d'un état de dégivrage établi par le
moyen de commande (22C, 22B).
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