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Detecting system for detecting an insufficient amount of refrigerant in a cooling apparatus and
compressor control systemincorporating same.

@ A detecting system is provided for detecting
an insufficient amount of refrigerant in a cool-
ing apparatus having a refrigerant circuit (11)
which includes a compressor (12), a condenser
(13) and an evaporator (16). The system has a
refrigerant state detecting sensor (19, 30) pro-
vided in a high-pressure side path of the refri-
gerant circuit (11) for detecting an insufficient
amount of refrigerant in the circuit (11) by
sensing a mixing state of refrigerant in a liquid
phase and refrigerant in a vapor phase. The
detecting system is incorporated into a com-
pressor control system having a compressor
deactivating circuit coupled to the refrigerant
state detecting sensor (19, 30) for deactivating
the compressor (12) in response to a signal
provided by the refrigerant state detecting sen-
sor (19, 30). The refrigerant state detecting
sensor (19, 30) determines that an insufficient
amount of refrigerant exists at an early stage by
detecting the mixing state of refrigerant. Since
the compressor (12) is stopped at an earlier
stage than in conventional systems, undesirable
drive of the compressor (12) and damage to the
compressor (12) can be prevented.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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The present invention relates to a detecting sys-
tem for detecting an insufficient amount of refrigerant
in a cooling apparatus, and more particularly to a com-
pressor control system for stopping a compressor pro-
vided in a cooling apparatus when the system detects
an unacceptably low level of refrigerant in a refriger-
ant circuit.

A typical conventional cooling apparatus is con-
stituted, for example, as shown in FIG. 5. Arefrigerant
such as freon gas is circulated in refrigerant circuit 1
formed from pipe 7. Compressor 2, condenser 3,
receiver dryer 4, expansion valve 5 and evaporator 6
are provided in refrigerant circuit 1 in this order in the
circulation direction of the refrigerant shown by
arrows. Usually, the refrigerant is circulated at a liquid
phase in the high-pressure side path of refrigerant cir-
cuit 1, and circulated at a vapor phase in the low-pres-
sure side path of the refrigerant circuit.

In the conventional cooling apparatus, pressure
switch 8 is attached to pipe 7 of the high-pressure side
path of refrigerant circuit 1 for detecting a lack of ref-
rigerant in the refrigerant circuit. Pressure switch 8 is
electrically connected to the power source circuit of
compressor 2. Pressure switch 8 detects the pressure
of refrigerant circulating in the high-pressure side
path. As the amount of refrigerant in refrigerant circuit
1 drops, the pressure of refrigerant circulating in the
high-pressure side path decreases. Pressure switch
8 sends a signal to the power source circuit of com-
pressor 2 so that the compressor is deactivated when
the detected pressure of refrigerant drops below a
predetermined value.

In such a conventional system for detecting a
drop in the refrigerant level in a cooling apparatus
there are the following problems.

The operation pressure of pressure switch 8 is
usually set to a low pressure, for example, 2 kg/cm?2.
Therefore, pressure switch 8 operates only when very
little or no liquefied refrigerant exists in refrigerant cir-
cuit 1. In a case where liquefied refrigerant remains
but the amount of refrigerant is inadequate, compres-
sor 2 continues to be driven. In such a state, not only
is effective cooling due to the cooling apparatus
impossible, but also compressor 2 may be damaged.

Accordingly, it would be desirable to provide a
detecting system for detecting an insufficient amount
of refrigerant in a cooling apparatus which can deac-
tivate a compressor at an early stage when the refri-
gerant level in a refrigerant circuit drops below an
acceptable level.

A detecting system for detecting an insufficient
amount of refrigerant in a cooling apparatus according
to the present invention is hereinafter described. The
detecting system is incorporated into a cooling
apparatus having a refrigerant circuit for circulating
refrigerant, which includes a compressor, a conden-
ser and an evaporator. Refrigerant state sensing
means is provided in a high-pressure side path of the
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refrigerant circuit between the condenser and the
evaporator, for determining a condition wherein an
insufficient amount of refrigerant is in the circuit, by
sensing a mixing state of refrigerant in a liquid phase
and refrigerant in a vapor phase, and providing a sig-
nal indicative of this condition. The detecting system
preferably forms part of a compressor control system
for controlling the operation of the compressor res-
ponsive to the signal provided by the sensing means.
Preferably, the compressor control system comprises
compressor deactivating means coupled to the refri-
gerant state sensing means, for deactivating the com-
pressor in response to the signal provided by the
refrigerant state sensing means.

The refrigerant state sensing means comprises,
for example, a photoelectric sensor which senses the
mixing state of refrigerant by measuring transmittance
of a light transmitted through the high-pressure side
path, or a self-exothermic type temperature detecting
element, for example, a self-exothermic type thermis-
tor which senses the mixing state of refrigerant by
measuring reduction of the temperature of the ther-
mistor itself caused by thermal conduction from the
thermistor to the refrigerant.

In the system according to the present invention,
when amount of refrigerant in the refrigerant circuit
decreases, this causes a decrease of the pressure of
the refrigerant. There also occurs a mixing state of ref-
rigerant in a liquid phase and refrigerant in a vapor
phase in the high-pressure side path of the refrigerant
circuit. If this mixing state of liquid phase and vapor
phase occurs, the refrigerant state sensing means
detects the state and sends a signal to the compres-
sor deactivating means. The compressor deactivating
means deactivates the compressor in response to the
signal from the refrigerant state sensing means. Since
the refrigerant state sensing means detects the mix-
ing state of refrigerant in a liquid phase and in a vapor
phase at an early stage, a lack of refrigerant can be
immediately sensed and quickly recognized. Further,
since the compressor is stopped at an early stage,
undesirable drive of the compressor and consequen-
tial damage to the compressor can be prevented.

Preferred embodiments of the invention will now
be described with reference to the accompanying
drawings, which are given by way of example only,
and are not intended to limit the present invention.

FIG. 1 is a schematic view of a detecting system
for detecting an insufficient amount of refrigerant in a
cooling apparatus, and a compressor control system
incorporating the same, according to a first embodi-
ment of the present invention.

FIG. 2 is an enlarged sectional view of refrigerant
state sensing means of the system shown in FIG. 1.

FIG. 3 is a graph showing the relationship be-
tween remainder of refrigerant and pressure of refri-
gerant, and the operation area of the system shown
in FIG. 1.
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FIG. 4 is a sectional view of refrigerant state sens-
ing means of a detecting system for detecting an
insufficient amount of refrigerant in a cooling
apparatus according to a second embodiment of the
present invention.

FIG. 5 is a schematic view of a prior art system for
detecting a lack of refrigerant in a cooling apparatus.

Referring to the drawings, FIGS. 1 and 2 illustrate
a detecting system for detecting an insufficient
amount of refrigerant in a cooling apparatus, incorpo-
rated into a compressor control system, according to
a first embodiment of the present invention. In FIG. 1,
arefrigerant such as freon gas is circulated in refriger-
ant circuit 11 formed from a pipe 17. Compressor 12,
condenser 13, receiver dryer 14, expansion valve 15
and evaporator 16 are provided on refrigerant circuit
11 in this order in the circulation direction of the refri-
gerant shown by arrows. The endothermic surface of
evaporator 16 is exposed to, for example, the interior
of a vehicle (not shown).

After the refrigerant is compressed by compres-
sor 12, the refrigerant is transformed in phase from a
high-pressure gas to a high-pressure liquid in conden-
ser 13 and further to a low-pressure gas in evaporator
16. When the refrigerant is transformed from liquid
phase to gaseous phase (vapor phase) by evaporator
16, the refrigerant absorbs heat from, for example, the
interior of a vehicle and the interior of the vehicle is
thereby cooled. Expansion valve 15 is provided be-
tween receiver dryer 14 and evaporator 16. Expan-
sion valve 15 reduces the pressure of the refrigerant
to a relatively low pressure in order to facilitate vap-
orization of the liquefied high-pressure refrigerant
when it passes through evaporator 16.

Compressor 12 is driven via power source circuit
23 for the compressor. Pressure switch 18 is provided
on the high-pressure side path of refrigerant circuit 11
ata position between receiver dryer 14 and expansion
valve 15, and is attached to pipe 17. Pressure switch
18 is coupled to power source circuit 23 for the com-
pressor in which electromagnetic switch 20 is incorpo-
rated. Pressure switch 18 detects the pressure of the
refrigerant circulating in the high-pressure side path of
refrigerant circuit 11 and sends a signal to open elec-
tromagnetic switch 20 for deactivating compressor 12
when the pressure switch detects a pressure lower
than a predetermined value. In this embodiment,
pressure switch 18 is provided as a back up switch for
refrigerant state detecting sensor 19.

Refrigerant state detecting sensor 19 is provided
as refrigerant state detecting means. In this embodi-
ment, refrigerant state detecting sensor 19 comprises
a photoelectric sensor which senses the mixing state
of refrigerant in a liquid phase and refrigerant in a
vapor phase by measuring transmittance of a light
transmitted through the high-pressure side path of ref-
rigerant circuit 11. Referring to FIG. 2, refrigerant
state detecting sensor 19 includes emitter 24 emitting
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a light towards the high-pressure side path of refriger-
ant circuit 11 and receiver 25 receiving the light trans-
mitted through the path (through the refrigerant in the
path). Sensor 19 is attached to pipe 17 so that emitter
24 and receiver 25 confront each other. O-rings 28
and 29 are interposed between sensor 19 and pipe 17
for sealing therebetween. The light emitted from emit-
ter 24 is sent through sight glass 26 into the the high-
pressure side path, and the light transmitted through
the high-pressure side path is received by receiver 25
through sight glass 27. Refrigerant state detecting
sensor 19 detects transmittance of the light received
by receiver 25. The transmittance of the light transmit-
ted through the high-pressure side path of refrigerant
circuit 11 corresponds to the mixing ratio of refrigerant
in a liquid phase and refrigerant in a vapor phase
existing or flowing in the high-pressure side path. As
the amount of refrigerant decreases, the ratio of refri-
gerant in a vapor phase to that in a liquid phase
increases and the transmittance of the light dec-
reases. Therefore, refrigerant state detecting sensor
19 can determine a decrease in the amount of refri-
gerant by measuring transmittance of the light trans-
mitted through the high-pressure side path.

Refrigerant state detecting sensor 19 is coupled
to amplifier 21, as shown in FIG. 1. Amplifier 21 is con-
nected to coil 22 of electromagnetic switch 20 pro-
vided in power source circuit 23 for the compressor.
One terminal end of refrigerant state detecting sensor
19 is coupled to a power source, and the other termi-
nal end is grounded through amplifier 21 and coil 22
of electromagnetic switch 20. If refrigerant state
detecting sensor 19 detects a transmittance of the
light lower than a predetermined value, that is, deter-
mines that an insufficient amount of refrigerant
remains, the sensor sends a signal to amplifier 21.
The signal is amplified by amplifier 21, and the
amplified signal excites coil 22 of electromagnetic
switch 20. As a result, electromagnetic switch 20 is
opened, and compressor 12 is deactivated.

FIG. 3 shows the relationship between remainder
of refrigerant in refrigerant circuit 11 and pressure of
the refrigerant, and the operation area of the above
system. Refrigerant state detecting sensor 19 oper-
ates at point "A" to detect a drop in the amount of ref-
rigerant. In contrast, pressure switch 18, used to
detect a lack of refrigerant in the conventional system,
operates at point "B" which is not reached until the
amount of refrigerant has dropped considerably more.
The pressure of refrigerant in refrigerant circuit 11
greatly varies depending on the variation of the tem-
perature of atmosphere. Therefore, the characteristic
line indicating the relationship between the remainder
of refrigerant in refrigerant circuit 11 and the pressure
of the refrigerant shifts on a function of temperature,
for example, as shown by dashed lines in FIG. 3.
Accordingly, in a conventional system which employs
only pressure sensor 18, lack of refrigerant in refriger-
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ant circuit 11 cannot be precisely determined. If the
operative point of the pressure sensor may cause the
deactivation of the compressor under a low tempera-
ture condition even though refrigerant circuit 11 is not
lacking in refrigerant. Since this is not desirable, the
operative point of the pressure sensor could not be
adjusted upwardly in the conventional system. How-
ever, in the present invention, refrigerant state detect-
ing sensor 19 can precisely detect the remainder of
refrigerant, even if the temperature of atmosphere
varies and the characteristic line shifts as a function
of temperature as shown in FIG. 3. Refrigerant state
detecting sensor 19 can detect refrigerant loss at its
initial stage. Therefore, when refrigerant is lost from
refrigerant circuit 11, compressor 12 can be deacti-
vated more quickly and more adequately than in the
conventional systems, and damage to the compres-
sor can be prevented. Pressure switch 18 functions as
a back up to refrigerant state detecting sensor 19 in
this embodiment. If refrigerant state detecting sensor
19 does not operate properly for some reason, press-
ure switch 18 can operate for deactivating compres-
sor 12 at a stage when the amount of refrigerant has
dropped further.

FIG. 4 illustrates another refrigerant state detect-
ing sensor according to a second embodiment of the
present invention. In this embodiment, thermistor 30,
a self-exothermic type thermistor, is employed as ref-
rigerant state sensing means. Thermistor 30 is
attached to pipe 32 via O-ring 31. Themmistor 30
mainly comprises an exothermic resistive body. Its
electrical resistance becomes lower as its tempera-
ture elevates. The thermal conductivity of refrigerant
has different values depending upon its phase, that is,
depending upon whether it is in a liquid phase or vapor
phase. For example, with freon-12, the thermal con-
ductivity in liquid phase is 0.061 kcal/ m-hr-°C and the
thermal conductivity in vapor phase is 0.0083 kcal/m
-hr-°C. If the refrigerant is in a mixed state of liquid
phase and vapor phase, the thermal conductivity indi-
cates an intermediate value therebetween. Therefore,
the degree of reduction of the temperature of thermis-
tor 30 exposed to refrigerant in a liquid phase is diffe-
rent from that of the thermistor exposed to refrigerant
in a mixed phase. The output of thermistor 30 theref-
ore corresponds to the phase state of the refrigerant.
If the refrigerant circulating in the refrigerant circuit is
insufficient as indicated by the refrigerant assuming
mixed phase, thermistor 30 detects the state by vari-
ation of its electrical resistance caused by variation of
the temperature of the thermistor itself. Compressor
12 can be deactivated by the signal from thermistor 30
in a similar manner to the case using photoelectric
sensor 19 as aforementioned.
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Claims

1. A detecting system for detecting an insufficient
amount of refrigerant in a cooling apparatus hav-
ing a refrigerant circuit (11) for circulating refriger-
ant, said refrigerant circuit (11) including a
compressor (12), a condenser (13) and an
evaporator (16), characterized in that said detect-
ing system comprises refrigerant state sensing
means (19, 30), provided in a high-pressure side
path of said refrigerant circuit (11) at a position
between said condenser (13) and said evaporator
(16), for detecting a condition wherein an insuffi-
cient amount of refrigerant is in said circuit (11),
by sensing a mixing state of refrigerant in a liquid
phase and refrigerant in a vapor phase, and pro-
viding a signal indicative of said condition.

2. The detecting system according to claim 1, whe-
rein said refrigerant state sensing means (19, 30)
comprises a photoelectric sensor (19) which sen-
ses said mixing state of refrigerant by measuring
transmittance of a light transmitted through said
high-pressure side path.

3. The detecting system according to claim 2, whe-
rein said photoelectric sensor (19) comprises an
emitter (24) for emitting said light and a receiver
(25) for receiving the light transmitted through
said path.

4. The detecting system according to claim 1, whe-
rein said refrigerant state sensing means (19, 30)
comprises a self-exothermic type temperature
detecting element (30).

5. The detecting system according to claim 4, whe-
rein said self-exothermic type temperature
detecting element is a self-exothermic type ther-
mistor (30).

6. The detecting system according to any preceding
claim, wherein said refrigerant circuit (11) further
includes a receiver dryer (14) and an expansion
valve (15), and said refrigerant state sensing
means (19, 30) is provided at a position between
said receiver dryer (14) and said expansion valve
(15).

7. The detecting system according to any preceding
claim further comprising a pressure sensor (18)
provided in said high-pressure side path of said
refrigerant circuit (11) at a position between said
condenser (13) and said evaporator (16).

8. The detecting system according to claim 7, whe-
rein said pressure sensor (18) is provided as a
back up sensor of said refrigerant state sensing
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means (19, 30).

A compressor control system for a cooling
apparatus having a refrigerant circuit (11) for cir-
culating refrigerant, said refrigerant circuit (11)
including a compressor (12), a condenser (13)
and an evaporator (16), characterized in that said
control system comprises:

refrigerant state sensing means (19, 30),
provided in a high-pressure side path of said ref-
rigerant circuit (11) at a position between said
condenser (13) and said evaporator (16), for
detecting a condition wherein an insufficient
amount of refrigerant is in said circuit (11), by
sensing a mixing state of refrigerant in a liquid
phase and refrigerant in a vapor phase, and pro-
viding a signal indicative of said condition; and

compressor control means, coupled to
said refrigerant state sensing means (19, 30), for
controlling operation of said compressor (12) in
response to the signal provided by said refriger-
ant state sensing means (19, 30).

The compressor control system according to
claim 9, wherein said refrigerant state sensing
means (19, 30) comprises a photoelectric sensor
(19) which senses said mixing state of refrigerant
by measuring transmittance of a light transmitted
through said high-pressure side path.

The compressor control system according to
claim 10, wherein said photoelectric sensor (19)
comprises an emitter (24) for emitting said light
and areceiver (25) for receiving the light transmit-
ted through said path.

The compressor control system according to
claim 9, wherein said refrigerant state sensing
means (19, 30) comprises a self-exothermic type
temperature detecting element (30).

The compressor control system according to
claim 12, wherein said self-exothermic type tem-
perature detecting element is a self-exothermic
type thermistor (30).

The compressor control system according to any
of claims 9 to 13, wherein said refrigerant circuit
(11) further includes a receiver dryer (14) and an
expansion valve (15), and said refrigerant state
sensing means (19, 30) is provided at a position
between said receiver dryer (14) and said expan-
sion valve (15).

The compressor control system according to any
of claims 9 to 14 further comprising a pressure
sensor (18) provided in said high-pressure side
path of said refrigerant circuit (11) at a position
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16.

17.

18.

19.

20.

21,

22,

between said condenser (13) and said evaporator
(186).

The compressor control system according to
claim 15, wherein said pressure sensor (18) is
provided as a back up sensor of said refrigerant
state sensing means (19, 30).

A compressor control system for a cooling
apparatus having a refrigerant circuit (11) for cir-
culating refrigerant, said refrigerant circuit (11)
including a compressor (12), a condenser (13)
and an evaporator (16), characterized in that said
control system comprises:

refrigerant state sensing means (19, 30),
provided in a high-pressure side path of said ref-
rigerant circuit (11) at a position between said
condenser (13) and said evaporator (16), for
detecting a condition wherein an insufficient
amount of refrigerant is in said circuit (11), by
sensing a mixing state of refrigerant in a liquid
phase and refrigerant in a vapor phase, and pro-
viding a signal indicative of said condition; and

compressor deactivating means, coupled
to said refrigerant state sensing means (19, 30),
for controlling operation of said compressor (12)
in response to the signal provided by said refriger-
ant state sensing means (19, 30).

The compressor control system according to
claim 17, wherein said refrigerant state sensing
means (19, 30) comprises a photoelectric sensor
(19) which senses said mixing state of refrigerant
by measuring transmittance of a light transmitted
through said high-pressure side path.

The compressor control system according to
claim 18, wherein said photoelectric sensor (19)
comprises an emitter (24) for emitting said light
and areceiver (25) for receiving the light transmit-
ted through said path.

The compressor control system according to
claim 17, wherein said refrigerant state sensing
means (19, 30) comprises a self-exothermic type
temperature detecting element (30).

The compressor control system according to
claim 20, wherein said self-exothermic type tem-
perature detecting element is a self-exothermic
type thermistor (30).

The compressor control system according to any
of claims 17 to 21, wherein said compressor
deactivating means comprises a switch (20) pro-
vided in a power source circuit (23) for said com-
pressor (12) and an amplifier (21) connected to
said refrigerant state sensing means (19, 30) and
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said switch (20).

The compressor control system according to
claim 22, wherein said switch is an electromagne-
tic switch (20), and said amplifier (21) is connec-
ted to a coil (22) of said electromagnetic switch
(20).

The compressor control system according to any
of claims 17 to 23, wherein said refrigerant circuit
(11) further includes a receiver dryer (14) and an
expansion valve (15), and said refrigerant state
sensing means (19, 30) is provided at a position
between said receiver dryer (14) and said expan-
sion valve (15).

The compressor control system according to any
of claims 17 to 24 further comprising a pressure
sensor (18) provided in said high-pressure side
path of said refrigerant circuit (11) at a position
between said condenser (13) and said evaporator
(186).

The compressor control system according to
claim 25, wherein said pressure sensor (18) is
provided as a back up sensor of said refrigerant
state sensing means (19, 30).
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