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exchanger, a compressor (11) and an outdoor heat ex-
changer connected in this order to operate a vapor com-
pression refrigeration cycle. A suction pressure sensor
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Description
Technical Field

[0001] This invention relates to refrigeration systems
including a refrigerant circuit operating in a vapor com-
pression refrigeration cycle and particularly relates to a
mounting structure of a suction pressure sensor for
measuring the suction pressure of a compression mech-
anism.

Background Art

[0002] Refrigeration systems are conventionally
known that include a refrigerant circuit operating in a re-
frigeration cycle and chill or freeze stored goods in a cold
storage (see, for example, Patent Document 1).

[0003] The refrigeration system disclosed in Patent
Document 1 includes a cooling heat exchanger for freez-
ing, a low-pressure stage compressor, a high-pressure
stage compressor, an outdoor heat exchanger and a
freezing expansion valve that are connected in this order.
In the refrigerant circuit, refrigerant compressed in two
stages by the low-pressure stage compressor and the
high-pressure stage compressor releases heatatthe out-
door heat exchanger to condense into liquid form. The
liquefied refrigerant expands in the freezing expansion
valve, flows through the cooling heat exchanger for freez-
ing, and takes heat therein from the in-storage air to evap-
orate, for example, at -30°C and thereby cool the interior
of the cold storage down to -20°C. The evaporated re-
frigerant is sucked into the low-pressure stage compres-
sor again. Thereafter, this circulation is repeated.

Patent Document 1: Published Japanese Patent Ap-
plication No. 2004-353996

Disclosure of the Invention
Problems to Be Solved by the Invention

[0004] In the refrigeration system disclosed in Patent
Document 1, the suction pipes of the low-pressure stage
and high-pressure stage compressors are provided with
their respective suction pressure sensors for measuring
the suction pressures of the compressors.

[0005] Specifically, as shown in Figure 5, the suction
pipe (a) of each compressor is connected to a thin pipe
(c) and the distal end of the thin pipe (c) is externally
threaded to connect a pressure sensor (b) thereat. On
the other hand, the pressure sensor (b) includes an in-
ternally threaded connecting part (d) and is connected
to the suction pipe (a) by engaging the internal threads
of the connecting part (d) on the external threads of the
thin pipe (c).

[0006] Therefore, when refrigerant in the cooling heat
exchanger of the refrigeration system has an evaporation
temperature of 0°C or less and the refrigerant at 0°C or
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less flows through the suction pipe (a), moisture having
entered clearances between the threads of the pressure
sensor (b) and the threads of the thin pipe (c) may freeze
and in turn break the connecting part (d) of the pressure
sensor (b).

[0007] One of conventional measures taken to cope
with the above is to prevent the entrance of moisture in
the clearances between the internal and external threads
by filling the clearances with silicone. This measure, how-
ever, has the problem that it takes a long time to dry the
silicone and, therefore, the workability in mounting the
pressure sensor is deteriorated, and has also the prob-
lem that variations in silicone filling state deteriorate the
reliability of the pressure sensor.

[0008] Alternatively, instead of threaded engagement
ofthe pressure sensor (b) on the thin pipe (c), atechnique
of mounting the pressure sensor (b) on the thin pipe (c)
by brazing may be applied. However, because refrigerant
must be recovered in replacing the sensor (b), this tech-
nigue hasthe problem of deteriorating the maintainability.
[0009] Asdescribedsofar, the conventional measures
for preventing the breakage due to freezing have the dis-
advantages of insufficient workability and reliability.
[0010] The present invention has been made in view
of the foregoing points and, therefore, an object thereof
is that a refrigeration system including a suction pressure
sensor for measuring the suction pressure of a compres-
sion mechanism can enhance the workability in mounting
and replacing the pressure sensor and enhance the re-
liability of the pressure sensor.

Means to Solve the Problem

[0011] A first aspect of the invention is directed to a
refrigeration system including a refrigerant circuit (10) in
which an evaporator (16, 17), acompression mechanism
(11), a condenser (13) and an expansion mechanism
(15a, 15b) are connected in this order and further includ-
ing a suction pressure sensor (25) for measuring the suc-
tion pressure of the compression mechanism (11),
wherein the suction pressure sensor (25) is connected
to a suction pipe (61) of the compression mechanism
(12) through a heat taking pipe (90) for making the tem-
perature of a connecting part (25b) of the suction pres-
sure sensor (25) higher than the temperature of the suc-
tion pipe (61).

[0012] In the first aspect of the invention, refrigerant
having flowed through the evaporator (16, 17) flows
through the suction pipe (61). Therefore, when the set
temperature of the evaporator (16, 17) is low (at 0°C or
lower), low-temperature refrigerant at 0°C or lower flows
also through the suction pipe (61) of the compression
mechanism (11). In the first aspect of the invention, the
suction pressure sensor (25) is attached to the suction
pipe (61) through the heat taking pipe (90). Thus, the
cold heat of refrigerant flowing through the suction pipe
(61) becomes less likely to be transmitted to the connect-
ing part (25b) of the suction pressure sensor (25). In ad-
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dition, the heat taking pipe (90) takes heat such as from
the ambient air to keep the temperature of the connecting
part (25b) of the suction pressure sensor (25) at a higher
temperature than 0°C, thereby preventing the connecting
part (25b) from freezing.

[0013] A second aspect of the invention is the refrig-
eration system according to the first aspect of the inven-
tion, wherein the heat taking pipe (90) is formed with a
length with which the connecting part (25b) of the suction
pressure sensor (25) reaches a higher temperature than
the suction pipe (61) owing to the ambient temperature.
[0014] In the second aspect of the invention, the heat
taking pipe (90) takes heat from the ambient air to grad-
ually increase its temperature from the suction pipe (61)
to the connecting part (25b) of the suction pressure sen-
sor (25), so that the connecting part (25b) of the suction
pressure sensor (25) reaches a higher temperature than
0°C.

[0015] Athirdaspectoftheinventionisthe refrigeration
system according to the second aspect of the invention,
wherein the minimum length of the heat taking pipe (90)
is set to a predetermined length increasing as the evap-
oration temperature in the evaporator (16, 17) decreas-
es.

[0016] Inthe third aspect of the invention, as the evap-
oration temperature in the evaporator (16, 17) decreas-
es, thetemperature of refrigerant flowing through the suc-
tion pipe (61) decreases. Therefore, the minimum length
of the heat taking pipe (90) is increased with decreasing
evaporation temperature in the evaporator (17, 17).
Thus, as the temperature of refrigerant flowing through
the suction pipe (61) decreases, the cold heat of the re-
frigerant becomes less likely to be transmitted to the con-
necting part (25b) of the suction pressure sensor (25).
In addition, since the area of the heat taking pipe (90) is
increased, the amount of heat that the heat taking pipe
(90) takes such as from the ambient air can be increased.
[0017] A fourth aspect of the invention is the refriger-
ation system according to any one of the first to third
aspects of the invention, wherein the heat taking pipe
(90) is attached through a heat transfer member (91) to
a high-pressure side pipe (64) of the refrigerant circuit
(20).

[0018] Inthe fourth aspect of the invention, heat of the
high-pressure side pipe (64) is transmitted through the
heat transfer member (91). Thus, the amount of heat tak-
en by the heat taking pipe (90) increases, so that the
connecting part (25b) of the suction pressure sensor (25)
reaches a higher temperature than 0°C.

[0019] The high-pressure side pipe (64) in the fourth
aspect of the invention is a pipe through which refrigerant
having a higher pressure than refrigerant in the suction
pipe (61) and a higher temperature than 0°C flows.
[0020] Afifth aspect of the invention is the refrigeration
system according to the fourth aspect of the invention,
wherein the high-pressure side pipe (64) is a discharge
pipe (64) of the compression mechanism (11).

[0021] The amount of heat taken from the high-pres-
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sure side pipe (64) through the heat transfer member
(91) by the heat taking pipe (90) increases as the tem-
perature of the high-pressure side pipe (64) increases.
In the fifth aspect of the invention, since the heat taking
pipe (90) is joined through the heat transfer member (91)
to the high-temperature discharge pipe (64) of the com-
pression mechanism (11), the amount of heat taken by
the heat taking pipe (90) can be surely increased.

Effects of the Invention

[0022] According to the first aspect of the invention,
the heat taking pipe (90) can make it difficult to transmit
the cold heat of refrigerant flowing through the suction
pipe (61) to the connecting part (25b) of the suction pres-
sure sensor (25) and can take heat such as from the
ambient air. As a result, even if the set temperature of
the evaporator (16, 17) is low and low-temperature re-
frigerant at 0°C or lower flows through the suction pipe
(61), the connecting part (25b) of the suction pressure
sensor (25) can have a higher temperature than 0°C.
Thus, the connecting part (25b) of the suction pressure
sensor (25) can be prevented from breakage due to
freezing, which enhances the reliability of the suction
pressure sensor (25).

[0023] In addition, since the suction pressure sensor
(25) can be prevented from breakage without silicone
filling or brazing, the workability of mounting and replace-
ment of the suction pressure sensor (25) can be en-
hanced as compared with conventional measures for
preventing its breakage.

[0024] Accordingtothe second aspectofthe invention,
since the heat taking pipe (90) is formed with a length
with which the connecting part (25b) of the suction pres-
sure sensor (25) reaches a higher temperature than the
suction pipe (61) owing to the ambient temperature, the
heat taking pipe (90) can take heat from the ambient air
to gradually increase its temperature from the suction
pipe (61) to the connecting part (25b) of the suction pres-
sure sensor (25). As a result, the connecting part (25b)
of the suction pressure sensor (25) can have a higher
temperature than 0°C.

[0025] According to the third aspect of the invention,
since the minimum length of the heat taking pipe (90) is
set to a predetermined length increasing as the evapo-
ration temperature in the evaporator (16, 17) decreases,
the cold heat of refrigerant flowing through the suction
pipe (61) can be less likely to be transmitted to the con-
necting part (25b) of the suction pressure sensor (25) as
the temperature of the refrigerant decreases. In addition,
since the area of the heat taking pipe (90) is increased,
the amount of heat that the heat taking pipe (90) takes
such as from the ambient air can be increased. Thus, the
connecting part (25b) of the suction pressure sensor (25)
can surely reach a higher temperature than 0°C accord-
ing to the set temperature of the evaporator (16, 17).
[0026] According to the fourth aspect of the invention,
since the heat taking pipe (90) can take heat from the
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high-pressure side pipe (64) of the refrigerant circuit (10)
through the heat transfer member (91), the amount of
heat taken by the heat taking pipe (90) can be increased.
Thus, the connecting part (25b) of the suction pressure
sensor (25) can have a higher temperature than 0°C.

[0027] According to the fifth aspect of the invention,
since the heat taking pipe (90) can take heat from the
discharge pipe (64) of the compression mechanism (11)
through the heat transfer member (91), the amount of
heat taken by the heat taking pipe (90) can surely be
increased because the discharge pipe (64) of the com-
pression mechanism (11) has a high temperature. Thus,
the connecting part (25b) of the suction pressure sensor
(25) can surely reach a higher temperature than 0°C.

Brief Description of Drawings
[0028]

[Fig. 1] Figure 1 is a piping diagram showing a re-
frigerant circuit of a refrigeration system according
to an embodiment.

[Fig. 2] Figure 2 is a schematic perspective view
showing a mounting structure of a suction pressure
sensor according to the embodiment.

[Fig. 3] Figure 3 is a graph showing the relation be-
tween the evaporation temperature in chilling heat
exchangers and the length of a heat taking pipe in
the embodiment.

[Fig. 4] Figure 4 is a piping diagram showing the di-
rection of refrigerant circulation of the refrigeration
system according to the embodiment during a cool-
ing operation.

[Fig. 5] Figure 5 is a schematic diagram showing a
mounting structure of a conventional suction pres-
sure sensor.

List of Reference Numerals

[0029]

1 refrigeration system

10 refrigerant circuit

11 compressor (compression mechanism)
13 outdoor heat exchanger (condenser)
25 suction pressure sensor

25b  connecting part

61 suction pipe

64 discharge pipe (high-pressure side pipe)
20 heat taking pipe

91 heat transfer member

Best Mode for Carrying Out the Invention

[0030] Anembodiment of the present invention will be
described below in detail with reference to the drawings.
[0031] As shown in Figure 1, the embodiment of the
present invention is a refrigeration system (1) for cooling
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a cooling room and the refrigeration system (1) includes
an outdoor unit (2), a chilling unit (3) and a controller
(100). The outdoor unit (2) is placed outdoors and the
chilling unit (3) is placed in the cooling room.

[0032] In the refrigeration system (1), the outdoor unit
(2) includes an outdoor circuit (20) and the chilling unit
(3) includes an in-chiller circuit (30). In the refrigeration
system (1), the gas-side end of the outdoor circuit (20)
is connected through a gas-side connection pipe (22) to
the gas-side end of the in-chiller circuit (30) and the liquid-
side end of the outdoor circuit (20) is connected through
a liquid-side connection pipe (21) to the liquid-side end
of the in-chiller circuit (30), whereby a refrigerant circuit
(10) operable in a vapor compression refrigeration cycle
is constituted.

<Qutdoor Unit>

[0033] The outdoor circuit (20) of the outdoor unit (2)
includes a compressor (11), an outdoor heat exchanger
(13), areceiver (14), an outdoor expansion valve (45), a
refrigerant heat exchanger (50) and a branch expansion
valve (46). The outdoor circuit (20) further includes a four-
way selector valve (12), a liquid-side shut-off valve (53)
and a gas-side shut-off valve (54). In the outdoor circuit
(20), the liquid-side shut-off valve (53) is connected to
one end of the liquid-side connection pipe (21) and the
gas-side shut-off valve (54) is connected to one end of
the gas-side connection pipe (22).

[0034] The compressor(11)isascrollcompressorand
is configured to be variable in operating capacity by in-
verter control. The suction side of the compressor (11)
is connected to one end of a suction pipe (61) and the
other end of the suction pipe (61) is connected to the
four-way selector valve (12). The discharge side of the
compressor (11) is connected to one end of a discharge
pipe (64) and the other end of the discharge pipe (64) is
connected to the four-way selector valve (12).

[0035] The outdoor heat exchanger (13) is a cross-fin
type fin-and-tube heat exchanger for exchanging heat
between refrigerant and outside air and is formed into a
condenser. One end of the outdoor heat exchanger (13)
is connected to the four-way selector valve (12). On the
other hand, the other end of the outdoor heat exchanger
(13) is connected through a first liquid pipe (81) to the
top of the receiver (14). The first liquid pipe (81) includes
acheckvalve (CV-1) for allowing only the refrigerant flow
from the outdoor heat exchanger (13) to the receiver (14).
The bottom of the receiver (14) is connected to one end
of a second liquid pipe (82).

[0036] The refrigerant heat exchanger (50) is a plate
type heat exchanger for exchanging heat between refrig-
erant and refrigerant and includes a first channel (50a)
and a second channel (50b). The entrance side of the
first channel (50a) of the refrigerant heat exchanger (50)
is connected to the other end of the second liquid pipe
(82), and the exit side of the first channel (50a) is con-
nected to one end of a third liquid pipe (83). The other
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end of the third liquid pipe (83) is connected through the
liquid-side shut-off valve (53) to one end of the liquid-
side connection pipe (21). The third liquid pipe (83) in-
cludes a check valve (CV-2) for allowing only the refrig-
erant flow from the first channel (50a) to the liquid-side
shut-off valve (53).

[0037] The third liquid pipe (83) is connected, up-
stream of the check valve (CV-2), to one end of a branch
liquid pipe (84), and the other end of the branch liquid
pipe (84) is connected to the entrance side of the second
channel (50b) of the refrigerant heat exchanger (50). The
branch liquid pipe (84) includes the branch expansion
valve (46). The branch expansion valve (46) is an elec-
tronic expansion valve regulatable in opening.

[0038] The exitside of the second channel (50b) of the
refrigerant heat exchanger (50) is connected to one end
of an injection pipe (85). The other end of the injection
pipe (85) is connected to a portion of the suction pipe
(61) located between the four-way selector valve (12)
and the compressor (11).

[0039] The third liquid pipe (83) is connected, between
the check valve (CV-2) and the liquid-side shut-off valve
(53), to one end of a fourth liquid pipe (88). The other
end of the fourth liquid pipe (88) is connected to a portion
of the first liquid pipe (81) located between the check
valve (CV-1) and the receiver (14). The fourth liquid pipe
(88) includes a check valve (CV-3) for allowing only the
refrigerant flow from the third liquid pipe (83) to the re-
ceiver (14).

[0040] The branch liquid pipe (84) is connected, be-
tween the third liquid pipe (83) and the branch expansion
valve (46), to one end of a fifth liquid pipe (89), and the
other end of the fifth liquid pipe (89) is connected to a
portion of the first liquid pipe (81) located between the
other end of the outdoor heat exchanger (13) and the
check valve (CV-1). The fifth liquid pipe (89) includes the
outdoor expansion valve (45).

[0041] The four-way selector valve (12) is connected
at its first port to the discharge pipe (64), connected at
its second port to the suction pipe (61), connected at its
third port to one end of the outdoor heat exchanger (13)
and connected at its fourth port to the gas-side shut-off
valve (54). The four-way selector valve (12) is configured
to be switchable between a first position (the position
shown in the solid lines in Figure 1) in which the first and
third ports are communicated with each other and the
second and fourth ports are communicated with each
other and a second position (the position shown in the
broken lines in Figure 1) in which the first and fourth ports
are communicated with each other and the second and
third ports are communicated with each other.

[0042] The outdoor circuit (20) further includes an oil
separator (70) and an oil return pipe (71).

[0043] The oil separator (70) is provided in the dis-
charge pipe (64) and configured to separate refrigerating
machine oil from gas discharged from the compressor
(11). The oil separator (70) is connected to one end of
the oil return pipe (71), and the other end of the oil return
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pipe (71) is connected to a portion of the suction pipe
(61) located between the junction with the injection pipe
(85) and the compressor (11). The oil return pipe (71)
includes a capillary tube (72) for regulating the flow rate
of refrigerating machine oil.

[0044] Mounted on the outdoor circuit (20) are various
types of sensors (19, 23, 24, 25, 51) and pressure switch-
es (95a, 95b). Specifically, the suction pipe (61) of the
compressor (11) is provided, between the junction with
the injection pipe (85) and the junction with the oil return
pipe (71), with a suction temperature sensor (24) and a
suction pressure sensor (25) in this order. Although de-
scribed later in more detail, the suction pressure sensor
(25) is connected through a heat taking pipe (90) to the
suction pipe (61), which is a feature of the present inven-
tion. The discharge side of the compressor (11) is pro-
vided with a discharge pressure sensor (23) and a dis-
charge temperature sensor (19). The exit side of the first
channel (50a) of the refrigerant heat exchanger (50) is
provided with a temperature sensor (51).

[0045] Inaddition, the outdoor unit (2) includes an out-
side air temperature sensor (13a) and an outdoor fan
(13f). Outside air is sent to the outdoor heat exchanger
(13) by the outdoor fan (13f).

<Chilling Unit>

[0046] The in-chiller circuit (30) of the chilling unit (3)
includes two chilling heat exchangers (16, 17) and two
drain pan heaters (26, 27).

[0047] The chilling heat exchangers (16, 17) are cross-
fin type fin-and-tube heat exchangers for exchanging
heat between refrigerant and air in the cooling room and
are each formed into an evaporator. One ends of the
chilling heat exchangers (16, 17) are connected through
respective pipes to respective chilling expansion valves
(15a, 15b). On the other hand, the other ends of the chill-
ing heat exchangers (16, 17) are connected to respective
one ends of gas-side branch pipes (22a, 22b), and the
other ends of the gas-side branch pipes (22a, 22b) join
together and are connected to the other end of the gas-
side connection pipes (22).

[0048] The chilling expansion valves (15a, 15b) are
electronic expansion valves configured to be regulatable
in opening and are each formed into an expansion mech-
anism. The chilling heat exchangers (16, 17) are provided
with respective first refrigerant temperature sensors
(16b, 17b), and the other ends of the chilling heat ex-
changers (16, 17) are provided with respective second
refrigerant temperature sensors (18a, 18b). The first re-
frigerant temperature sensors (16b, 17b) are sensors for
measuring the evaporation temperatures of refrigerant
intheir respective chilling heat exchangers (16, 17). Each
of the chilling expansion valves (15a, 15b) is configured
so that, during the cooling operation, its opening is con-
trolled to make the measured temperature at the asso-
ciated second refrigerant temperature sensor (18a, 18b)
a predetermined temperature (for example, 5°C) higher
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than the evaporation temperature of refrigerant meas-
ured by the associated first refrigerant temperature sen-
sor (16b, 17b).

[0049] The drain pan heaters (26, 27) are disposed on
respective unshown drain pans to prevent frosting and
icing on the drain pans by allowing high-temperature and
high-pressure refrigerant to flow through them to heat
the drain pans. One ends of the drain pan heaters (26,
27) are connected to respective one ends of liquid-side
branch pipes (21a, 21b), and the other ends of the liquid-
side branch pipes (21a, 21b) join together and are con-
nected to the other end of the liquid-side connection pipe
(21). The other ends of the drain pan heaters (26, 27)
are connected to respective one ends of the chilling ex-
pansion valves (15a, 15b).

[0050] In addition, the chilling unit (3) includes cooling
room temperature sensors (16a, 17a) and cooling room
fans (16f, 17f). Air in the cooling room is sent to the chill-
ing heat exchangers (16, 17) by the respective cooling
room fans (16f, 17f).

<Controller>

[0051] The controller (100) switches the various valves
provided in the refrigerant circuit (10) and controls their
openings to control the cooling operation of keeping the
cooling room at a set temperature and the defrosting op-
eration of defrosting the cooling room.

<Mounting Structure of Suction Pressure Sensor>

[0052] Next, with reference to Figures 1 to 3, a further
detailed description is given of the mounting structure of
the suction pressure sensor (25) that is a feature of the
present invention.

[0053] During the cooling operation of the refrigeration
system (1), refrigerant evaporated in the chilling heat ex-
changers (16, 17) flows through the suction pipe (61).
Therefore, if in the first-mentioned related art the evap-
oration temperature of refrigerant in the chilling heat ex-
changers (16, 17) is low and the temperature of refriger-
ant flowing through the suction pipe (61) is 0°C or less,
this may freeze and break the connecting part (25b) of
the suction pressure sensor (25). A feature of the present
invention for coping with this problem is that, as shown
in Figures 1 and 2, the suction pressure sensor (25) is
connected through a heat taking pipe (90) to the suction
pipe (61) of the compressor (11) and the heat taking pipe
(90)isjoined to the discharge pipe (64) of the compressor
(11) by a heat transfer member (91).

[0054] Inother words, the heat taking pipe (90) is used
to make the temperature of the connecting part (25b) of
the suction pressure sensor (25) higher than the temper-
ature of the suction pipe (61).

[0055] Specifically, as shown in Figure 2, the suction
pipe (61) of the compressor (11) is connected midway
along its length to one end of the heat taking pipe (90).
The heat taking pipe (90) has a smaller diameter than
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the suction pipe (61), is formed with a length of 20cm
and is bent four times into a compact form. The other end
ofthe heattaking pipe (90) has unshown external threads
formed on the outer periphery thereof The suction pres-
sure sensor (25) is composed of a sensor body (25a)
and a connecting part (25b). The connecting part (25b)
has unshown internal threads formed on the inner pe-
riphery thereof. The suction pressure sensor (25) is
mounted to the heat taking pipe (90) by engaging the
internal threads of the connecting part (25b) on the ex-
ternal threads of the other end of the heat taking pipe
(90). Furthermore, the heat taking pipe (90) is connected
towards the other end thereof to an L-shaped thin port
pipe (90a) including a gage port (26).

[0056] Asshownin Figure 2, the heat transfer member
(91) is formed in the shape of a plate having a cross
section of the letter L. One lateral end of the heat transfer
member (91) is fixed to the discharge pipe (64) down-
stream of the oil separator (70), while the other lateral
end is fixed to the heat taking pipe (90) towards the other
endthereof (to part thereof in the vicinity of the connecting
part (25b) of the suction pressure sensor (25)). Further-
more, the lower end of the heat transfer member (91) is
fixed to the thin port pipe (90a). The heattransfer member
(91) functions also as a support member supporting the
heat taking pipe (90).

[0057] Next, a description is given of results of an ex-
periment on the length of the heat taking pipe (90) with
reference to Figure 3.

[0058] Figure 3 is a graph showing the relation be-
tween the evaporation temperature in the chilling heat
exchangers (16, 17) and the length of the heat taking
pipe (90) with which the connecting part (25b) of the suc-
tion pressure sensor (25) reaches 10°C. In Figure 3, "Pip-
ing Structure A" denotes a piping structure in which the
heat taking pipe (90) and the discharge pipe (64) of the
compressor (11) are not joined through the heat transfer
member (91) and "Piping Structure B" denotes a piping
structure in which the heat taking pipe (90) and the dis-
charge pipe (64) are joined through the heat transfer
member (91).

[0059] Figure 3 shows that, for Piping Structure A, the
length of the heat taking pipe (90) with which the tem-
perature of the connecting part (25b) of the suction pres-
sure sensor (25) reaches 10°C needs to be increased
with decreasing evaporation temperature in the chilling
heat exchangers (16, 17), such as 20cm at an evapora-
tion temperature of -10°C, 48cm at - 30°C and 57cm at
-40°C. The reason for this is as follows: As the evapora-
tion temperature in the chilling heat exchangers (16, 17)
decreases, the temperature of refrigerant flowing through
the suction pipe (61) decreases. Therefore, with decreas-
ing evaporation temperature, the cold heat of the refrig-
erant needs to be less likely to be transmitted to the con-
necting part (25b) of the suction pressure sensor (25)
and the amount of heat taken from the ambient air by the
heat taking pipe (90) needs to be increased by increasing
the area of the heat taking pipe (90).
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[0060] On the other hand, Figure 3 also shows that,
for Piping Structure B, the length of the heat taking pipe
(90) with which the temperature of the connecting part
(25b) of the suction pressure sensor (25) reaches 10°C
needs to be increased with decreasing evaporation tem-
perature in the chilling heat exchangers (16, 17), like Pip-
ing Structure A, but can be smaller than that in Piping
Structure A at the same evaporation temperature, such
as 10cm at an evaporation temperature of -10°C, 25cm
at -30°C and 32cm at -40°C. The reason for this is that
because the heat taking pipe (90) can take heat through
the heat transfer member (91) from the high-temperature
discharge pipe (64) of the compressor (11), the heat tak-
ing pipe (90) can surely take a large amount of heat as
compared with the case of taking heat only from the am-
bient air.

[0061] Althoughthetemperature of the connecting part
(25b) of the suction pressure sensor (25) at least above
0°C is sufficient in order to avoid freezing of the connect-
ing part (25b), examination in this experiment has been
made of the length of the heat taking pipe (90) with which
the temperature of the connecting part (25b) reaches
10°C. The reason for this is that when the length of the
heat taking pipe (90) is set at a length with which the
temperature of the connecting part (25b) becomes a pre-
determined temperature higher than 0°C, the tempera-
ture of the connecting part (25b) can be surely higher
than 0°C even if the evaporation temperature in the chill-
ing heat exchangers (16, 17) temporarily decreases ow-
ing to such as a variation in cooling load. In this manner,
by taking also load variations of the refrigeration system
(1) into consideration, the minimum length of the heat
taking pipe (90) was set to a length shown in Figure 3.
[0062] Furthermore, in this embodiment, since the
evaporation temperature in the chilling heat exchangers
(16, 17) is -10°C as described later, the heat taking pipe
(90) of Piping structure B needs to have a length of 10cm
or more. Therefore, the heat taking pipe (90) was formed
with a length of 20cm as a given length of 10cm or more.

- Operational Behavior -

[0063] Next, a description is given of the behavior of
the refrigeration system (1) according to this embodiment
during the cooling operation with reference to Figure 4.
[0064] As shown in Figure 4, during the cooling oper-
ation of the refrigeration system (1), by the control of the
controller (100), the four-way selector valve (12) of the
outdoor circuit (20) is set to the first position and the out-
door expansion valve (45) is fully opened. In this state,
the compressor (11) is driven and the openings of the
chilling expansion valves (15a, 15b) and the branch ex-
pansion valve (46) are appropriately regulated, whereby
refrigerant circulates in a direction showing in the solid
arrows in Figure 4. The set temperature of the cooling
room during the cooling operation is 2°C, for example.

[0065] The refrigerant discharged from the compres-
sor (11) flows through the discharge pipe (64) and then
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through the four-way selector valve (12) and is then sent
to the outdoor heat exchanger (13). In the outdoor heat
exchanger (13), the refrigerant releases heat to the out-
side air to condense. The refrigerant condensed in the
outdoor heat exchanger (13) flows through the first liquid
pipe (81), passes through the receiver (14), flows into
the second liquid pipe (82) and then flows through the
first channel (50a) of the refrigerant heat exchanger (50).
Part of the liquid refrigerant having flowed through the
first channel (50a) flows as a branched refrigerant
through the branch liquid pipe (84) as shown inthe broken
arrow in Figure 4, is reduced in pressure by the branch
expansion valve (46) and then flows into the second
channel (50b) of the refrigerant heat exchanger (50).
Thus, the liquid refrigerant flowing through the first chan-
nel (50a) exchanges heat with the branched refrigerant
flowing through the second channel (50b) to reduce its
temperature to 15°C, for example, and then flows through
the third liquid pipe (83), then through the liquid-side shut-
off valve (53), then through the liquid-side connection
pipe (21) and then into the in-chiller circuit (30). On the
other hand, the branched liquid refrigerant in the second
channel (50b) evaporates and is then injected through
the injection pipe (85) into the suction pipe (61) of the
compressor (11).

[0066] In the in-chiller circuit (30), liquid refrigerant at
15°C is distributed to the liquid-side branch pipes (21a,
21b) and flows through the drain pan heaters (26, 27) to
prevent frosting of the drain pans.

[0067] The liquid refrigerant having flowed out of each
of the drain pan heaters (26, 27) is reduced in pressure
during passage through the associated chilling expan-
sion valve (15a, 15b) to expand and is then introduced
into the associated chilling heat exchanger (16, 17). In
each of the chilling heat exchangers (16, 17), refrigerant
takes heat from the air in the cooling room to evaporate
at an evaporation temperature of -10°C, for example. In
the chilling unit (3), the air cooled by the chilling heat
exchangers (16, 17) is supplied to the cooling room,
whereby the temperature in the cooling room is kept at
a set temperature of 2°C.

[0068] The flows of refrigerant having flowed through
the chilling heat exchangers (16, 17) pass through the
respective gas-side branch pipes (22a, 22b) and are then
combined together at the gas-side connection pipe (22).
Thereatfter, the gas refrigerant flows through the gas-side
connection pipe (22), then flows through the four-way
selectorvalve (12) and then through the suction pipe (61),
is then sucked into the compressor (11) and then com-
pressed therein.

[0069] In this case, refrigerant at approximately -10°C
evaporated by the chilling heat exchangers (16, 17) flows
through the suction pipe (61). Since according to the
presentinvention the suction pressure sensor (25) is con-
nected through the heat taking pipe (90) to the suction
pipe (61) and the heat taking pipe (90) is joined through
the heat transfer member (91) to the discharge pipe (64)
of the compressor (11), the connecting part (25b) of the
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suction pressure sensor (25) can be prevented from
breakage due to freezing. Furthermore, as shown in Fig-
ure 3, when the evaporation temperature in the chilling
heat exchangers (16, 17) is -23°C or higher, the temper-
ature of the connecting part (25b) of the suction pressure
sensor (25) surely reaches 10°C or higher. Therefore,
even if the cooling load varies during the cooling opera-
tion, the connecting part (25b) can surely have a tem-
perature higher than 0°C.

[0070] The refrigeration system (1) is configured to
temporarily stop the cooling operation and perform a de-
frosting operation. The behavior of the refrigeration sys-
tem (1) during the defrosting operation is not given. Dur-
ing the defrosting operation, the four-way selector valve
(12) is set to the second position, the chilling expansion
valves (15a, 15b) are fully opened, the branch expansion
vale (46) is fully closed and the outdoor expansion valve
(45) is appropriately controlled, whereby the refrigeration
system (1) performs reverse cycle defrosting in which
refrigerant circulates in the reverse direction to the direc-
tion during the cooling operation.

[0071] Specifically, gas refrigerant discharged from
the compressor (11) flows through the chilling heat ex-
changers (16, 17) and the drain pan heaters (26, 27) to
release heat to frost deposited on the chilling heat ex-
changers (16, 17) and the drain pans to condense into
liquid form and then flows through the fourth liquid pipe
(88) of the outdoor circuit (20). Thereafter, the refrigerant
flows through the liquid-side connection pipe (21), is in-
troduced into the outdoor circuit (20), and then flows
through the fourth liquid pipe (88), then through the re-
ceiver (14) and then through the first channel (50a) of
the refrigerant heat exchanger (50). Then, the refrigerant
is expanded by the outdoor expansion valve (45) during
passage through the fifth liquid pipe (89), then condensed
by the outdoor heat exchanger (13) and then sucked into
the compressor (11).

- Effects of Embodiment -

[0072] According to the refrigeration system (1), the
heat taking pipe (90) can make it difficult to transmit the
cold heat of refrigerant flowing through the suction pipe
(61) to the connecting part (25b) of the suction pressure
sensor (25) and can take heat from the ambient air and
the discharge pipe (64). As a result, the connecting part
(25b) of the suction pressure sensor (25) can have a
higher temperature than 0°C even if refrigerant at - 10°C
evaporated in the chilling heat exchangers (16, 17) flows
through the suction pipe (61). Thus, the connecting part
(25b) of the suction pressure sensor (25) can be pre-
vented from breakage due to freezing, which enhances
the reliability of the suction pressure sensor (25). In ad-
dition, since the suction pressure sensor (25) can be pre-
vented from breakage without silicone filling or brazing,
the workability of mounting and replacement of the suc-
tion pressure sensor (25) can be enhanced as compared
with conventional measures for preventing its breakage.
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[0073] Furthermore, since the heat taking pipe (90)
takes heat from the discharge pipe (64) of the refrigerant
circuit (10) through the heat transfer member (91), the
amount of heat taken by the heat taking pipe (90) can be
increased. Thus, the connecting part (25b) of the suction
pressure sensor (25) can have a higher temperature than
0°C.

[0074] Furthermore, since the heat taking pipe (90)
can take heat from the discharge pipe (64) of the com-
pression mechanism (11) through the heat transfer mem-
ber (91), the amount of heat taken by the heat taking pipe
(90) can surely be increased because the discharge pipe
(64) of the compression mechanism (11) has a high tem-
perature. Thus, the connecting part (25b) of the suction
pressure sensor (25) can surely reach a higher temper-
ature than 0°C.

«Other Embodiments»

[0075] The above embodimentof the presentinvention
may have the following configurations.

[0076] Although in the refrigeration system (1) of the
above embodiment the heat taking pipe (90) is formed
with a length of 20cm and joined to the discharge pipe
(64) by the heat transfer member (91), the prevention of
freezing may be implemented simply by forming the heat
taking pipe (90) with a predetermined length without pro-
viding the heat transfer member (91). Specifically, even
in Piping Structure A in which the heat taking pipe (90)
is not connected to the discharge pipe (64), if the heat
taking pipe (90) is set to a predetermined length increas-
ing with decreasing evaporation temperature as shown
in Figure 3, such as 20cm or more at an evaporation
temperature of -10°C or 48cm or more at an evaporation
temperature of -30°C, the connecting part (25b) of the
suction pressure sensor (25) can have a temperature of
10°C or higher. Therefore, if the length of the heat taking
pipe (90) is set to the above length or more, the connect-
ing part (25b) can surely have a higher temperature than
0°C and can be prevented from breakage due to freezing,
without joining the heat taking pipe (90) to the discharge
pipe (64).

[0077] In other words, the heat taking pipe (90) will do
well if itis formed with alength with which the temperature
of the connecting part (25b) of the suction pressure sen-
sor (25) reaches a higher temperature than the suction
pipe (61) owing to the ambient temperature. Further-
more, the minimum length of the heat taking pipe (90) is
set to a predetermined length increasing as the evapo-
rationtemperature inthe evaporators (16, 17) decreases.
[0078] Inthe above case, the heat taking pipe (90) may
be disposed anywhere. For example, if the heat taking
pipe (90) is disposed near the discharge pipe (64), heat
from the high-temperature discharge pipe (64) can be
transmitted to the heat taking pipe (90) by air and the
amount of heat taken by the heat taking pipe (90) be-
comes larger.

[0079] In the above embodiment, the lengths of the
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heat taking pipe (90) shown in Figure 3 are illustrative
only. The length of the heat taking pipe (90) is preferably
selected as appropriate according such as to the tem-
perature conditions of the surrounding area of the heat
taking pipe (90), the thermal conductivity of the heat
transfer member (91) or the temperature of the discharge
pipe (64) of the compressor (11). If the variation in the
cooling load of the refrigeration system (1) is small and
the evaporation temperature in the evaporators (16, 17)
is constant, the length of the heat taking pipe (90) may
be set to a length with which the temperature of the con-
necting part (25b) of the suction pressure sensor (25)
becomes 1°C, for example.

[0080] Although the refrigeration system (1) of the
above embodiment operates in a refrigeration cycle in
which refrigerant is compressed in a single stage, the
refrigeration system may further include a freezing heat
exchanger for freezing stored goods in the cooling room
to operate in a refrigeration cycle in which refrigerant is
compressed in two stages. In this case, the temperature
of refrigerant flowing through the suction pipe of the low-
pressure stage compressor is very low. Therefore, a
pressure sensor for measuring the pressure of the low-
temperature refrigerant may be mounted through a heat
taking pipe to the suction pipe. In addition, the heat taking
pipe may be joined through a heat transfer member to
the high-pressure side pipe of the refrigerant circuit or
the discharge pipe through which refrigerant discharged
from the low-pressure stage compressor flows.

[0081] Furthermore, if a freezing circuit in which a heat
exchanger for freezing and a low-pressure stage com-
pressor are connected and a chilling circuit including a
heat exchanger for chilling are connected in parallel with
the outdoor circuit including a high-pressure stage com-
pressor and both the high-pressure stage compressor
and the low-pressure stage compressor suck refrigerant
at 0°C or lower, the suction pressure sensors for the suc-
tion pipes of both the compressors may be connected to
each other through a heat taking pipe.

[0082] Although in the refrigeration system (1) of the
above embodiment the heat taking pipe (90) is joined to
the discharge pipe (64) of the compressor, it may be
joined to any other high-pressure side pipe of the refrig-
erant circuit (10). Examples of such a high-pressure side
pipe include the first to third liquid pipes (81, 82, 83).
[0083] Although in the refrigeration system (1) of the
above embodiment the compression mechanism (11) is
composed of a single compressor (11), the compression
mechanism (11) may be composed of a plurality of com-
pressors connected in parallel to each other.

[0084] The above embodiments are merely preferred
embodiments in nature and are not intended to limit the
scope, applications and use of the invention.

Industrial Applicability

[0085] Ascan be seen from the above description, the
present invention is useful for a refrigeration system in-
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cluding a suction pressure sensor for measuring the suc-
tion pressure of a compression mechanism.

Claims

1. Arefrigeration system including a refrigerant circuit
(10) in which an evaporator (16, 17), a compression
mechanism (11), acondenser (13) and an expansion
mechanism (15a, 15b) are connected in this order
and further including a suction pressure sensor (25)
for measuring the suction pressure of the compres-
sion mechanism (11), the suction pressure sensor
(25) being connected to a suction pipe (61) of the
compression mechanism (11) through a heat taking
pipe (90) for making the temperature of a connecting
part (25b) of the suction pressure sensor (25) higher
than the temperature of the suction pipe (61).

2. Therefrigeration system of claim 1, wherein the heat
taking pipe (90) is formed with a length with which
the connecting part (25b) of the suction pressure
sensor (25) reaches a higher temperature than the
suction pipe (61) owing to the ambient temperature.

3. Therefrigeration system of claim 2, wherein the min-
imum length of the heat taking pipe (90) is set to a
predetermined length increasing as the evaporation
temperature in the evaporator (16, 17) decreases.

4. The refrigeration system of claim 1, wherein the heat
taking pipe (90) is attached through a heat transfer
member (91) to a high-pressure side pipe (64) of the
refrigerant circuit (10).

5. Therefrigeration system of claim 4, wherein the high-
pressure side pipe (64) is a discharge pipe (64) of
the compression mechanism (11).



EP 2019 273 Al

i ! _
__ me _ _ r
| x WV { | mmH |
| P | | |
m ¥ - W&mom cg-] | | @I\.W > 1_
z8 ~0 ! _ 9 =04 | C > US|
ﬂ 1778 Z-AD | _ ﬁflnﬂ ) >()0)
| T e %mm_ oo = >
_ R e-h0 88’ B 1 0] est 7 o1 _
| 18 _ _ 91 |
| {
| o | | |
! 197 m m _
| () | _ |
gl TT/|ANI | _ ~-q1Z m
_ J tly o1 06 ! _ |
_m £y | _
| > 206 | | ez~ 981
_ d|»hU § [ ! m
_n . L7 0L 16 _ _ mvlﬁmﬂﬁw > |
_ D H 79-] ¢ ogg ! LZ ST
| ) 827 To 9 _ wm _ l“ﬂp:m > Ww_
_ N | _ 1l D)
| ’ SKO T 77 e, 1l
L o> s § VSOT QNNN A _
AR ml-m.gmn.olwii._ d _liomw-@i-hlmh,_
egl
¢ \S 00T IS8TT0I3U0D €
I

10



EP 2019 273 Al

FI1G. 2

11



Length of Heat Taking Pipe (cm)

EP 2019 273 Al

FIG. 3

70

60 e

50 \\\ Piping 1

40 Structure A...]
~ \\\{

30 <

20 7\\

10 booe Piping
Structure B Ae——

0 ; ;

-50 -40 -30 -20 ~-10 0 10

Evaporation Temperature (°C)

12



[r—-—-————-—-—- —

EP 2019 273 Al

alla

i ! m
| | |
| | Bq] _
| |
€8~ | | &xmnm () |
| | Y6 =291 |
NI>U_ _ NHNJ&II‘“ C J AI_
ev\ mm_ WN . _ i} = > wg_
$ J— |
88~ Pv% | | Bg] oﬂs 391
| _ _
_ | |
o |
_ | ~-q17 |
~~06 | m |
_ _ |
| | ez~ a1 |
_ |
Oﬂa _ _ &ﬁnm AC < ¢_
3 | 22 | r._ﬂnzm S _
! _ I C -«
| 71
7 95T ! [ A (el
VRN R
\«S IO ]0I3UO0D €
00T—"]

13



EP 2019 273 Al

FIG. b

~_-Q)

14



EP 2019 273 Al

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2007/060151

A. CLASSIFICATION OF SUBJECT MATTER
F25B49/02(2006.01)1i, F25B41/00(2006.01)

i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F25B49/02, F25B41/00

Minimum documentation searched (classification system followed by classification symbols)

Jitsuyo Shinan Koho

Kokai Jitsuyo Shinan Koho 1971-2007

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
1922-1996 Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2007
1994-2007

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 51-016317 Y1 (Sanyo Electric Co., Ltd., 1-5
Tokyo Sanyo Electric Co., Ltd.),
28 April, 1976 (28.04.76),
Full text; Figs. 1, 2
(Family: none)
Y JP 2004-353996 A (Daikin Industries, Ltd.), 1-5
16 December, 2004 (16.12.04),
Par. Nos. [0062], [0063]; Fig. 1
(Family: none)
A JP 50-000148 Y1 (Sanyo Electric Co., Ltd., 1-5
Tokyo Sanyo Electric Co., Ltd.),
06 January, 1975 (06.01.75),
Full text; Figs. 1, 2
(Family: none)

Further documents are listed in the continuation of Box C.

l:l See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
13 August, 2007 (13.08.07)

Date of mailing of the international search report
21 August, 2007 (21.08.07)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

15




EP 2019 273 Al

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2007/060151

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2002-048665 A (Yamatake Corp.), 1-5
15 February, 2002 (15.02.02),

Par. Nos. [0009], [0014] to [0019]; Fig. 1
(Family: none)

A JP 9-329517 A (Kabushiki Kaisha Fuji Koki), 1-5
22 December, 1997 (22.12.97),
Par. No. [0009]; Fig. 9
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

16



EP 2019 273 Al
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2004353996 A [0003]

17



	bibliography
	description
	claims
	drawings
	search report

