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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to container refrigeration devices, and in particular, to
energy saving operation of the container refrigeration devices.

BACKGROUND ART

[0002] Transport containers configured to transport goods such as foods by land or see while
maintaining the goods at a low temperature have been conventionally known. The transport
containers include a container refrigeration device as disclosed in JP H09-203578. The
container refrigeration device includes a refrigerant circuit and cools air in the container by
means of an evaporator provided in the refrigerant circuit.

[0003] JP HO06-109352 A relates to a refrigeration apparatus for a container with particular
focus on a more economic power consumption. To this end, the compressor and the blower of
the evaporator are turned on and off during operation in the refrigeration mode if certain
conditions are met. JP H06-109352 A discloses a container refrigeration device according to
the preamble of claim 1.

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] In recent years, there has been an increasing demand for container refrigeration
devices to save energy as much as possible while ensuring the quality of goods in containers.

[0005] However, the conventional container refrigeration devices are configured to cool the
inside of a container to ensure the quality of goods by controlling an inside fan such that the
fan constantly operates at the maximum rotation speed. Accordingly, the conventional
container refrigeration devices have the disadvantage of being incapable of performing energy
saving operation while ensuring the quality of goods.

[0006] It is therefore an object of the present disclosure to enable a container refrigeration
device to perform energy saving operation while ensuring the quality of goods in a container.

SOLUTION TO THE PROBLEM
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[0007] A first aspect of the present invention relates to a container refrigeration device with the
features of claim 1.

[0008] According to the first aspect, in the refrigerant circuit (20), a refrigerant discharged from
the compressor (30) is condensed in the condenser (31). Thereafter, the refrigerant expands
in the expansion mechanism (32), and then, evaporates in the evaporator (33). In the
evaporator (33), the refrigerant and inner air of the container exchange heat, thereby cooling
the inner air of the container. The inside fan (36), of which the rotation speed is variable, blows
the cooled air having exchanged heat in the evaporator (33) to the inside of the container.

[0009] The fan controller (104) reduces the rotation speed of the inside fan (36) when the
temperature inside the container is stabilized. When the fan controller (104) reduces the
rotation speed of the inside fan (36), heat generated by a motor of the inside fan (36)
decreases. Cooling performance of the container refrigeration device becomes excessive
corresponding to the decrease in the heat generated by the motor of the inside fan (36), and
accordingly, the temperature inside the container becomes lower than the target temperature.
In that case, the rotation speed controller (102) reduces the operational rotation speed N of the
compressor (30). Consequently, the flow rate of the refrigerant circulating through the
refrigerant circuit (20) decreases, and the cooling performance of the container refrigeration
device decreases, thereby maintaining the temperature inside the container at the target
temperature.

In addition, the rotation speed of the inside fan (36) is switchable between the at least two
speeds including the higher speed and the lower speed, and the fan controller (104) is
configured to perform switching control of the rotation speed of the inside fan (36). The
switching control is performed such that the rotation of the inside fan (36) is switched between
the higher speed and the lower speed at the predetermined intervals. Specifically, when the
inside fan (36) is controlled to operate at the higher speed, air blown out from the container
refrigeration device is distributed entirely inside the container and agitates the inner air of the
container, thereby making uniform the temperature distribution in the container.

[0010] A second aspect relates to the container refrigeration device of the first aspect, further
including a corrector (105), wherein the rotation speed controller (102) is configured to reduce
the operational rotation speed N of the compressor (30) by a predetermined value A such that
the temperature inside the container becomes equal to the target temperature, as the fan
controller (104) reduces the rotation speed of the inside fan (36), the corrector (105) performs
correction to reduce the predetermined value A when the temperature inside the container
becomes higher than the target temperature because of operation at an operational rotation
speed (N-A) reduced by the rotation speed controller (102), and the corrector (105) performs
correction to increase the predetermined value A when the temperature inside the container
becomes lower than the target temperature because of the operation at the operational
rotation speed (N-A) adjusted by the rotation speed controller (102).
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[0011] According to the second aspect, when the temperature inside the container is stabilized,
the fan controller (104) reduces the rotation speed of the inside fan (36), and the rotation
speed controller (102) reduces the operational rotation speed N of the compressor (30) by the
predetermined value A. If the temperature inside the container becomes higher than the target
temperature because of the operation at the operational rotation speed (N-A) adjusted by the
rotation speed controller (102), the corrector (105) performs correction to reduce the
predetermined value A. Consequently, the compressor (30) operates at the operational
rotation speed (N-A1), which is based on a corrected value A1 (A1<A) and higher than the
operational rotation speed (N-A) before the correction. As a result, the flow rate of the
refrigerant flowing 25 through the refrigerant circuit (20) increases, and the temperature inside
the container can be caused to approach the target temperature.

[0012] On the other hand, if the temperature inside the container becomes lower than the
target temperature because of the operation at the operational rotation speed (N-A) adjusted
by the rotation speed controller (102), the corrector (105) performs correction to increase the
predetermined value A. Consequently, the compressor (30) operates at the operational
rotation speed (N-A2), which is based on a corrected value A2 (A<A2) and lower than the
operational rotation speed (N-A) before the correction. As a result, the flow rate of the
refrigerant flowing through the refrigerant circuit (20) decreases, and the temperature inside
the container can be caused to approach the target temperature.

[0013] A third aspect relates to the container refrigeration device of the first or second aspect,
further including a valve controller (103), wherein the expansion mechanism (32) is an
expansion valve (32) having a variable opening degree, and the valve controller (103) reduces
the opening degree of the expansion valve (32) as the fan controller (104) reduces the rotation
speed of the inside fan (36).

[0014] According to the third aspect, the expansion mechanism (32) is the expansion valve
(32) whose opening degree is variable. When the temperature inside the container is stabilized
and the fan controller (104) reduces the rotation speed of the inside fan (36), the valve
controller (103) reduces the opening degree of the expansion valve (32).

[0015] Specifically, when the temperature inside the container is stabilized, the fan controller
(104) reduces the rotation speed of the inside fan (36), and heat generated by the motor of the
inside fan (36) decreases. Consequently, the cooling performance of the container refrigeration
device becomes excessive corresponding to the decrease in the heat generated by the motor
of the inside fan (36), and accordingly, the temperature inside the container becomes lower
than the target temperature. In that case, the valve controller (103) reduces the opening
degree of the expansion valve (32). Consequently, the flow rate of the refrigerant flowing from
the expansion valve (32) into the evaporator (33) decreases, and the cooling performance of
the container refrigeration device decreases, thereby maintaining the temperature inside the
container at the target temperature.

[0016] A fourth aspect relates to the container refrigeration device of any one of the first to
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third aspects, wherein the fan controller (104) increases the reduced rotation speed of the
inside fan (36) when the temperature inside the container is stabilized, and the rotation speed
controller (102) increases the operational rotation speed N of the compressor (30) such that
the temperature inside the container becomes equal to the target temperature, as the fan
controller (104) increases the rotation speed of the inside fan (36).

[0017] According to the fourth aspect, when the temperature inside the container is stabilized,
the fan controller (104) increases the reduced rotational speed of the inside fan (36). When the
fan controller (104) increases the rotation speed of the inside fan (36), heat generated by the
motor of the inside fan (36) increases. The cooling performance of the container refrigeration
device becomes insufficient corresponding to the increase in the heat generated by the motor
of the inside fan (36), and accordingly, the temperature inside the container becomes higher
than the target temperature. In that case, the rotation speed controller (102) increases the
operational rotation speed N of the compressor (30). Consequently, the flow rate of the
refrigerant circulating through the refrigerant circuit (20) increases, and the cooling
performance of the container refrigeration device increases, thereby maintaining the
temperature inside the container at the target temperature.

[0018] When the rotation speed of the inside fan (36) is increased, air blown out from the
container refrigeration device is distributed entirely inside the container and agitates the inner
air of the container, thereby making uniform the temperature distribution in the container.

[0019] A fifth aspect relates to the container refrigeration device of the fourth aspect, further
including a corrector (105), wherein the rotation speed controller (102) is configured to
increase the operational rotation speed N of the compressor (30) by a predetermined value B
such that the temperature inside the container becomes equal to the target temperature, as
the fan controller (104) increases the rotation speed of the inside fan (36), the corrector (105)
performs correction to increase the predetermined value B when the temperature inside the
container becomes higher than the target temperature because of operation at an operational
rotation speed (N+B) adjusted by the rotation speed controller (102), and the corrector (105)
performs correction to reduce the predetermined value B when the temperature inside the
container becomes lower than the target temperature because of the operation at the
operational rotation speed (N+B) adjusted by the rotation speed controller (102).

[0020] According to the fifth aspect, when the temperature inside the container is stabilized,
the fan controller (104) increases the reduced rotational speed of the inside fan (36). The
rotation speed controller (102) accordingly increases the operational rotation speed N of the
compressor (30) by the predetermined value B. When the temperature inside the container
becomes higher than the target temperature because of the operation at the operational
rotation speed (N+B) adjusted by the rotation speed controller (102), the corrector (105)
performs correction to increase the predetermined value B. Accordingly, the compressor (30)
operates at the operational rotation speed (N+B1), which is based on a corrected value B1
(B1>B) and higher than the operational speed (N+B) before the correction. Consequently, the
flow rate of the refrigerant flowing through the refrigerant circuit (20) increases, and the
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temperature inside the container is caused to approach the target temperature.

[0021] On the other hand, when the temperature inside the container becomes lower than the
target temperature because of the operation at the operational rotation speed (N+B) adjusted
by the rotation speed controller (102), the corrector (105) performs correction to reduce the
predetermined value B. Accordingly the compressor (30) operates at the operational rotation
speed (N+B2), which is based on a corrected value B2 (B2<B) and lower than the operational
rotation speed (N+B) before the correction. Consequently, the flow rate of the refrigerant
flowing through the refrigerant circuit (20) decreases, and the temperature inside the container
is caused to approach the target temperature.

[0022] A sixth aspect relates to the container refrigeration device of the fourth or fifth aspect,
further including a valve controller (103), wherein the expansion mechanism (32) is an
expansion valve (32) having a variable opening degree, and the valve controller (103)
increases the opening degree of the expansion valve (32) as the fan controller (104) increases
the rotation speed of the inside fan (36).

[0023] According to the sixth aspect, the expansion mechanism (32) is the expansion valve
(32) whose opening degree is variable. When the temperature inside the container is stabilized
and the fan controller (104) increases the rotation speed of the inside fan (36), the valve
controller (103) increases the opening degree of the expansion valve (32).

[0024] Specifically, when the temperature inside the container is stabilized, the fan controller
(104) increases the rotation speed of the inside fan (36), and heat generated by the motor of
the inside fan (36) increases. Consequently, the cooling performance of the container
refrigeration device becomes insufficient corresponding to the increase in the heat generated
by the motor of the inside fan (36), and accordingly, the temperature inside the container
becomes higher than the target temperature. In that case, the valve controller (103) increases
the opening degree of the expansion valve (32). Consequently, the flow rate of the refrigerant
flowing from the expansion valve (32) into the evaporator (33) increases, and the cooling
performance of the container refrigeration device increases, thereby maintaining the
temperature inside the container at the target temperature.

[0025] An seventh aspect relates to the container refrigeration device of the seventh aspect,
wherein when a temperature of suction air sucked from the inside of the container is equal to
or lower than a predetermined temperature during the switching control, the fan controller
(104) performs low speed control to cause the inside fan (36) to operate continuously at the
lower speed.

[0026] According to the seventh aspect, the fan controller (104) performs switching control of
the inside fan (36). When the temperature of suction air sucked from the inside of the container
is equal to or lower than a predetermined temperature during the switching control, the fan
controller (104) causes the inside fan (36) to operate continuously at the lower speed.
Consequently, the container refrigeration device can perform energy saving operation.
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Specifically, when the temperature of suction air is lower than the predetermined temperature,
the inside of the container is entirely maintained at the target temperature even with the inside
fan (36) operating at the lower speed. Therefore, the inside fan (36) is caused to operate at
the lower speed, which can save more energy.

[0027] On the other hand, if the temperature of suction air sucked from the inside of the
container is higher than the predetermined temperature, the fan controller (104) switches the
rotation of the inside fan (36) to the higher speed. As a result, air blown out from the container
refrigeration device is distributed entirely inside the container and agitates the inner air of the
container, thereby making uniform the temperature distribution in the container and causing
the sucked air to approach the predetermined temperature.

ADVANTAGES OF THE INVENTION

[0028] According to the first aspect, when the temperature inside the container is stabilized,
the operational rotation speed N of the compressor (30) is reduced as the rotation speed of the
inside fan (36) is reduced. Accordingly, the cooling performance to cool the inside of the
container can be reduced by the amount of the reduction in heat caused by the reduced
rotation speed of the motor of the inside fan (36). Consequently, an amount of energy
corresponding to the reduction in the rotation speed of the inside fan (36) can be saved while
maintaining the temperature inside that container at the target temperature. As a result, the
container refrigeration device can perform energy saving operation while ensuring the quality
of goods in the container.

Additionally, since the rotation of the inside fan (36) is alternately switched between the higher
speed and the lower speed, it is possible to make the temperature distribution uniform entirely
inside the container. In general, when an inside fan is controlled to operate at a low speed, air
blown by the inside fan is unlikely to be distributed uniformly and entirely inside a container,
and the temperature distribution inside the container can become nonuniform (uneven). In
particular, in a container, an area opposite to the container refrigeration device (an area near
the door of the container) may have a high temperature. In contrast, since the rotation of the
inside fan (36) is switched to not only the lower speed but also the higher speed, it is possible
to make the temperature distribution uniform entirely inside the container. In particular, it is
possible to make uniform the temperature of the area opposite to the container refrigeration
device (the area near the door of the container). Thus, energy saving operation can be
performed by causing the inside fan (36) to operate at the lower speed while maintaining the
temperature inside the container at the target temperature. As a result, the container
refrigeration device can perform energy saving operation while ensuring the quality of the
goods in the container.

[0029] According to the second aspect, the predetermined value A is corrected according to a
change in the temperature inside the container caused by a reduction in the rotation speed of
the inside fan (36). Accordingly, the operational rotation speed of the compressor (30) can be
set appropriately according to the change in the temperature inside the container. As a result,
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it is possible to cause the temperature inside the container to approach the target temperature.

[0030] According to the third aspect, since the opening degree of the expansion valve (32) is
reduced in accordance with the reduction in the rotation speed of the inside fan (36), the
cooling performance of the container refrigeration device can be reduced by the amount of the
reduction in heat caused by the reduced rotation speed of the motor of the inside fan (36).
Consequently, an amount of energy corresponding to the reduction in the rotation speed of the
inside fan (36) can be saved while maintaining the temperature inside the container at the
target temperature. As a result, the container refrigeration device can perform energy saving
operation while ensuring the quality of goods in the container.

[0031] According to the fourth aspect, when the temperature inside the container is stabilized,
the operational rotation speed N of the compressor (30) is increased as the rotation speed of
the inside fan (36) is increased. The cooling performance to cool the inside of the container
can be increased by the amount of the increase in heat caused by the increased rotation
speed of the motor of the inside fan (36). In addition, since the rotation speed of the inside fan
(36) is increased, it is possible to make the temperature distribution uniform entirely inside the
container. Thus, the temperature inside the container can be surely maintained at the target
temperature. As a result, the container refrigeration device can perform energy saving
operation while ensuring the quality of goods in the container.

[0032] According to the fifth aspect, the predetermined value B is corrected according to a
change in the temperature inside the container caused by an increase in the rotation speed of
the inside fan (36). Accordingly, the operational rotation speed of the compressor (30) can be
set appropriately according to the change in the temperature inside the container. As a result,
it is possible to cause the temperature inside the container to approach the target temperature.

[0033] According to the sixth aspect, since the opening degree of the expansion valve (32) is
increased in accordance with the increase in the rotation speed of the inside fan (36), the
cooling performance of the container refrigeration device can be increased by the amount of
the increase in heat caused by the increased rotation speed of the motor of the inside fan (36).
Consequently, the temperature inside the container can be maintained at the target
temperature. As a result, the container refrigeration device can perform energy saving
operation while ensuring the quality of goods in the container.

[0034] Additionally, since the rotation of the inside fan (36) is alternately switched between the
higher speed and the lower speed, it is possible to make the temperature distribution uniform
entirely inside the container. In general, when an inside fan is controlled to operate at a low
speed, air blown by the inside fan is unlikely to be distributed uniformly and entirely inside a
container, and the temperature distribution inside the container can become nonuniform
(uneven). In particular, in a container, an area opposite to the container refrigeration device
(an area near the door of the container) may have a high temperature.

[0035] In contrast, since the rotation of the inside fan (36) is switched to not only the lower
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speed but also the higher speed, it is possible to make the temperature distribution uniform
entirely inside the container. In particular, it is possible to make uniform the temperature of the
area opposite to the container refrigeration device (the area near the door of the container).
Thus, energy saving operation can be performed by causing the inside fan (36) to operate at
the lower speed while maintaining the temperature inside the container at the target
temperature. As a result, the container refrigeration device can perform energy saving
operation while ensuring the quality of the goods in the container.

[0036] According to the seventh aspect, when the temperature of suction air is lower than the
predetermined temperature, the inside fan (36) is caused to operate continuously at the lower
speed without being switched to the higher speed. Specifically, a state in which the inside fan
(36) is controlled to operate at the lower speed and the temperature of suction air having
circulated in the container is lower than the predetermined temperature indicates that the
temperature in the area opposite to the refrigeration device (the area near the door of the
container) is also maintained at the target temperature. Accordingly, the temperature can be
maintained at the target temperature entirely inside the container even with the inside fan (36)
continuing rotating at the lower speed. As a result, the container refrigeration device can
perform energy saving operation while ensuring the quality of the goods in the container.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

[FIG. 1] FIG. 1 is a piping system diagram illustrating a refrigerant circuit of a container
refrigeration device according to an embodiment of the present disclosure.

[FIG. 2] FIG. 2 illustrate switching control for switching an inside fan between a high state and
a low state according to the embodiment.

[FIG. 3] FIG. 3 illustrates a flow for setting a predetermined value A according to the
embodiment.

[FIG. 4] FIG. 4 illustrates a flow for setting a predetermined value B according to the
embodiment.

[FIG. 5] FIG. 5 is a piping system diagram illustrating cooling performed by the container
refrigeration device of the embodiment.

[FIG. 6] FIG. 6 is a graph showing a relation between a target temperature SP and an outdoor
air temperature according to the embodiment.

DESCRIPTION OF EMBODIMENTS
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[0038] An embodiment of the present disclosure will be described below in detail with
reference to the drawings.

[0039] A container refrigeration device (10) of this embodiment is configured to cool the inside
of a container (not shown). The container refrigeration device (10) also serves as a lid closing
an opening in a lateral side of the body of the container.

[0040] As illustrated in FIG. 1, the container refrigeration device (10) includes a refrigerant
circuit (20) configured to perform a refrigeration cycle by causing a refrigerant to circulate
through the refrigerant circuit. The refrigerant circuit (20) includes a main circuit (21), a hot gas
bypass circuit (22), a reheat circuit (80), and a subcooling circuit (23).

[0041] The main circuit (21) includes a compressor (30), a condenser (31), a main expansion
valve (32), and an evaporator (33) which are sequentially connected in series with refrigerant

pipes.

[0042] The compressor (30) includes a motor (not shown) configured to drive a compression
mechanism. The rotation speed of the motor of the compressor (30) is controlled in multiple
stages by an inverter. That is, the operational rotation speed at which the compressor (30)
operates is variable.

[0043] Each of the condenser (31) and the evaporator (33) is a fin-and-tube heat exchanger.
The condenser (31) is placed outside the container. In the condenser (31), air outside the
container and the refrigerant exchange heat. The evaporator (33) is placed inside the
container. In the evaporator (33), inner air of the container and the refrigerant exchange heat.
A drain pan (37) is provided below the evaporator (33). The drain pan (37) is a flat container
having an opening facing upward. The drain pan (37) collects therein frost, ice blocks having
fallen from the evaporator (33), water condensed from air, etc. The opening degree of the
main expansion valve (32) can be adjusted in multiple stages by a pulse motor. An outside fan
(35) is provided near the condenser (31) whereas an inside fan (36) is provided neat the
evaporator (33). The inside fan (36) is configured to supply air cooled by the evaporator (33) to
the inside of the container. The outside fan (35) and the inside fan (36) are provided with an
outside fan motor (35a) and an inside fan motor (36a), respectively.

[0044] A fourth on-off valve (38) and a check valve (CV) are sequentially provided on a high-
pressure gas pipe (24) located between the compressor (30) and the condenser (31). The
opening degree of the fourth on-off valve (38) can be adjusted in multiple stages by a pulse
motor. The check valve (CV) allows the refrigerant to flow in a direction of an arrow indicated in
FIG. 1, and prevents the refrigerant from flowing in the opposite direction.

[0045] A receiver (41), a second on-off valve (49), a dryer (43), and a subcooling heat
exchanger (44) are sequentially provided on a high-pressure liquid pipe (25) located between
the condenser (31) and the main expansion valve (32). The receiver (41) is provided
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downstream of the flow of the refrigerant from the condenser (31) and configured to receive
the refrigerant having flowed out from the condenser (31) and separate the refrigerant into a
saturated liquid and a saturated gas. The second on-off valve (49) is a solenoid valve which
can be freely opened and closed. The dryer (43) is configured to capture moisture in the liquid
refrigerant having flowed through the condenser (31). A liquid cogging prevention pipe (90) is
connected to a point upstream of the refrigerant flow to the condenser (31) and to a point
downstream of the refrigerant flow from the main expansion valve (32). The liquid clogging
prevention pipe (90) is provided with a liquid clogging on-off valve (91).

[0046] The subcooling heat exchanger (44) cools the liquid refrigerant having flowed out from
the condenser (31). The subcooling heat exchanger (44) includes a primary passage (45) and
a secondary passage (46). Specifically, in the subcooling heat exchanger (44), the refrigerant
flowing through the primary passage (45) and the refrigerant flowing through the secondary
passage (46) exchange heat. The primary passage (45) is connected to the high-pressure
liquid pipe (25) of the main circuit (21), and the secondary passage (46) is connected to a
subcooling branch pipe (26) of the subcooling circuit (23). An inflow end of the subcooling
branch pipe (26) is connected to a point of the high-pressure liquid pipe (25) between the
receiver (41) and the second on-off valve (49). An outflow end of the subcooling branch pipe
(26) is connected to a compression chamber (an intermediate pressure compression chamber)
which is provided in the compressor (30) and midway through compression (at an intermediate
pressure). In other words, the subcooling branch pipe (26) serves as a passage into which part
of the liquid refrigerant in the high-pressure liquid pipe (25) is diverted to be allowed to flow into
the intermediate pressure compression chamber of the compressor (30). A first on-off valve
(47) and a subcooling expansion valve (48) are provided on an inflow side of the subcooling
branch pipe (26) through which the refrigerant flows into the secondary passage (46). The first
on-off valve (47) is a solenoid valve which can be freely opened and closed. The opening
degree of the subcooling expansion valve (48) can be adjusted in multiple stages by a pulse
motor. The subcooling expansion valve (48) constitutes a decompression mechanism for
decompressing the refrigerant.

[0047] The hot gas bypass circuit (22) includes a main passage (50), and two branch
passages (51, 52) branching off the main passage (50). The two branch passages include a
first branch passage (51) and a second branch passage (52). An inflow end of the main
passage (50) is connected to a point of the high-pressure gas pipe (24) between the fourth on-
off valve (38) and the discharge side of the compressor (30). The main passage (50) is
provided with a third on-off valve (53). The third on-off valve (53) is a solenoid valve which can
be freely opened and closed.

[0048] The first branch passage (51) has an end connected to an outflow end of the main
passage (50) and the other end connected a low-pressure liquid pipe (27) provided between
the main expansion valve (32) and the evaporator (33). Likewise, the second branch passage
(52) has an end connected to the outflow end of the main passage (50) and the other end
connected to the low-pressure liquid pipe (27). The second branch passage (52) is made of a
refrigerant pipe longer than the first branch passage (51). The second branch passage (52)
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includes a drain pan heater (54) which extends in a serpentine form along the bottom of the
drain pan (37). The drain pan heater (54) is configured to heat the inside of the drain pan (37)
with the refrigerant. Thus, the hot gas bypass circuit (22) constitutes a bypass circuit for
feeding the refrigerant compressed by the compressor (30) (high temperature gaseous
refrigerant discharged from the compressor (30)) to the evaporator (33).

[0049] The reheat circuit (80) includes a reheat passage (82). An inflow end of the reheat
passage (82) is connected to a point of the high-pressure gas pipe (24) between the fourth on-
off valve (38) and the discharge side of the compressor (30). The reheat passage (82) is
provided with a fifth on-off valve (81). The fifth on-off valve (81) is a solenoid valve which can
be freely opened and closed. The reheat passage (82) includes a reheat heat exchanger (83)
and a capillary tube. The reheat heat exchanger (83) is configured to heat, during
dehumidifying operation, air having been cooled and dehumidified in the evaporator (33) by
causing the discharged refrigerant which has flowed into the reheat heat exchanger (83) and
the air to exchange heat. The reheat heat exchanger (83) is a fin-and-tube heat exchanger.
The capillary tube is configured to decompress the refrigerant flowing out from the reheat heat
exchanger (83). Thus, the reheat circuit (80) constitutes a circuit for supplying part of the
refrigerant compressed by the compressor (30) (i.e., the high-temperature gaseous refrigerant
discharged from the compressor (30)) to the reheat heat exchanger (83).

[0050] The refrigerant circuit (20) also includes various sensors. Specifically, the high-pressure
gas pipe (24) is provided with a high pressure sensor (60), a high pressure switch (61), and a
discharge temperature sensor (62). The high pressure sensor (60) detects a pressure of the
high-pressure gaseous refrigerant discharged from the compressor (30). The discharge
temperature sensor (62) detects a temperature of the high-pressure gaseous refrigerant
discharged from the compressor (30). A low-pressure gas pipe (28) located between the
evaporator (33) and the compressor (30) is provided with a low pressure sensor (63) and a
suction temperature sensor (64). The low pressure sensor (63) detects a pressure of the low-
pressure gaseous refrigerant to be sucked into the compressor (30). The suction temperature
sensor (64) detects a temperature of the low-pressure gaseous refrigerant to be sucked into
the compressor (30).

[0051] In the subcooling branch pipe (26), an inflow temperature sensor (65) is provided on
the inflow side of the secondary passage (46), and an outflow temperature sensor (66) is
provided on the outflow side of the secondary passage (46). The inflow temperature sensor
(65) detects a temperature of the refrigerant immediately before flowing into the secondary
passage (46). The outflow temperature sensor (66) detects a temperature of the refrigerant
immediately after flowing out from the secondary passage (46).

[0052] In the low-pressure liquid pipe (27), an inflow temperature sensor (67) is provided on
the inflow side of the evaporator (33). The inflow temperature sensor (67) detects a
temperature of the refrigerant immediately before flowing into the evaporator (33). In the low-
pressure gas pipe (28), an outflow temperature sensor (68) is provided on the outflow side of
the evaporator (33). The outflow temperature sensor (68) detects a temperature of the
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refrigerant immediately after flowing out from the evaporator (33).

[0053] Outside the container, an outdoor air temperature sensor (69) is provided on the
suction side of the condenser (31). The outdoor air temperature sensor (69) detects a
temperature of outdoor air immediately before being sucked into the condenser (31) (i.e., an
outdoor air temperature). In the container, a suction air temperature sensor (70) is provided on
the suction side of the evaporator (33), and a blown air temperature sensor (71) is provided on
blowing-out side of the evaporator (33). The suction air temperature sensor (70) detects a
temperature of inner air immediately before entering the evaporator (33). The blown air
temperature sensor (71) detects a temperature (i.e. a blown air temperature SS) of the inner
air immediately after passing through the evaporator (33).

[0054] The container refrigeration device (10) includes a controller (100) serving as a
controlling section for controlling the refrigerant circuit (20). The controller (100) includes a
compressor controller (101) for controlling an operational rotation speed N of the compressor
(30), a fan controller (104) for controlling the fans (35, 36), a rotation speed controller (102) for
controlling the operational rotation speed N of the compressor (30) according to an operational
state of the inside fan (36), a valve controller (103) for controlling the valves (32, 38, 47-49, 53,
81), and a corrector (105) for correcting the operational rotation speed N of the compressor
(30) according to the blown air temperature SS.

[0055] The compressor controller (101) is configured to control the operational rotation speed
(operational frequency) N of the compressor (30) during cooling. The compressor controller
(101) controls the operational rotation speed N of the compressor (30) such that the blown air
temperature SS becomes equal to a target temperature SP of blown air. The blown air
temperature SS corresponds to the temperature inside the container of the present disclosure,
and the target temperature SP of blown air corresponds to the target temperature of the
present disclosure. In this embodiment, the target temperature SP can be appropriately set to
a temperature required by a user in the range from -30°C to +30°C. Specifically, the
compressor controller (101) is configured to reduce the operational rotation speed N of the
compressor (30) when a temperature (the blown air temperature SS) of air blown into the
container is lower than the target temperature SP, and to increase the operational rotation
speed N of the compressor (30) when the blown air temperature SS is higher than the target
temperature SP.

[0056] The fan controller (104) is configured to control the rotation speed of the inside fan
motor (36a) when the temperature inside the container is stabilized. Here, the state in which
the temperature inside the container is stabilized refers to a state in which the blown air
temperature SS has continuously remained within a predetermined temperature range set
relative to the target temperature SP (for ten minutes or more, for example). The fan controller
(104) is configured to performing switching between a high state in which the inside fan motor
(36a) operates at a high rotation speed to cause the inside fan (36) to rotate and supply a
large volume of air, a low state in which the inside fan motor (36a) operates at a low rotation
speed to cause the inside fan (36) to operate and supply a small volume of air, and a stop
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state in which the inside fan motor (36a) and the inside fan (36) are stopped. The rotation in
the high state corresponds to rotation at higher speed of the present disclosure, and the
rotation in the low state corresponds to rotation at lower speed of the present disclosure.

[0057] As illustrated in FIG. 2, when the blown air temperature SS has remained in the vicinity
of the target temperature SP (for ten minutes or more, for example), the fan controller (104)
performs switching control to switch the rotation of the inside fan (36) between the high state
and the low state. During the switching control, switching from the high state to the low state
and switching from the low state to the high state are alternately performed at intervals of ten
minutes.

[0058] This switching at the intervals of ten minutes is an example, and the present disclosure
is not limited to this example. The intervals at which the rotation of the inside fan (36) is
switched, i.e., the intervals of ten minutes correspond to predetermined intervals of the present
disclosure.

[0059] When the rotation of the inside fan (36) is switched from the high state to the low state,
the rotation speed of the inside fan motor (36a) of the inside fan (36) is reduced and heat
generated by the inside fan motor (36a) decreases. On the other hand, when the rotation of
the inside fan (36) is switched from the low state to the high state, the rotation speed of the
inside fan motor (36a) of the inside fan (36) is increased and heat generated by the inside fan
motor (36a) increases.

[0060] As illustrated in FIG. 2, upon performing the switching control to switch the rotation of
the inside fan (36) from the low state to the high state, if a suction air temperature RS detected
by the suction air temperature sensor (70) is within the range of plus/minus 1°C with respect to
the target temperature SP, the fan controller (104) carries out continuous control to cause the
inside fan (36) to continue operating in the low state. The target temperature SP corresponds
to the predetermined temperature of the present disclosure.

[0061] The rotation speed controller (102) is configured to change the operational rotation
speed N of the compressor (30) in response to switching of the rotation speed of the inside fan
motor (36a) performed by the fan controller (104). The rotation speed controller (102)
performs control in different manners depending on switching of the rotation of the inside fan
(36), from the high state to low state or from the low sate to the high state. The control
performed by the rotation speed controller (102) will be described blow in detail.

[0062] When the fan controller (104) switches the inside fan (36) from the high state to the low
state, the rotation speed controller (102) performs control to reduce the operational rotation
speed N of the compressor (30) by a predetermined value A. Specifically, when the fan
controller (104) switches the inside fan motor (36a) from the high rotation speed to the low
rotation speed, heat generated by the inside fan motor (36a) decreases and the cooling
performance of the container refrigeration device (10) becomes excessive. The rotation speed
controller (102) accordingly reduces the operational rotation speed N of the compressor (30)
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by the predetermined value A. The reduced operational rotation speed (N-A) of the
compressor (30) causes a flow rate of the refrigerant circulating through the refrigerant circuit
(20) to decrease and the cooling performance of the container refrigeration device (10) to
decrease, resulting in that the blown air temperature SS is maintained at the target
temperature SP.

[0063] When the fan controller (104) switches the inside fan (36) from the low state to the high
state, the rotation speed controller (102) performs control to increase the operational rotation
speed N of the compressor (30) by a predetermined value B. Specifically, when the fan
controller (104) switches the inside fan motor (36a) from the low rotation speed to the high
rotation speed, heat generated by the inside fan motor (36a) increases and the cooling
performance of the container refrigeration device (10) becomes insufficient. The rotation speed
controller (102) accordingly increases the operational rotation speed N of the compressor (30)
by the predetermined value B. The increased operational rotation speed (N+B) of the
compressor (30) causes a flow rate of the refrigerant circulating through the refrigerant circuit
(20) to increase and the cooling performance of the container refrigeration device (10) to
increase, resulting in that the blown air temperature SS is maintained at the target temperature
SP.

[0064] When the compressor (30) operating at an operational rotation speed adjusted by the
rotation speed controller (102) causes the blown air temperature SS to come out of the range
of plus/minus 0.5°C with respect to the target temperature SP, the corrector (105) corrects the
predetermined value A or B and thereby adjusts the operational rotation speed (the operational
frequency) of the compressor (30)..

[0065] As illustrated in FIG. 3, when the blown air temperature SS becomes higher than a
temperature obtained by adding 0.5°C to the target temperature SP (SS>SP+0.5) because of
operation of the compressor (30) at the operational rotation speed (N-A) adjusted by the
rotation speed controller (102), the corrector (105) subtracts 1 from the predetermined value A
to set a corrected value A1 (A1=A-1) (A1<A), thereby increasing the operational rotation speed
(the operational frequency) of the compressor (30) (N-A1). Specifically, when the blown air
temperature SS is higher than the temperature obtained by adding 0.5°C to the target
temperature SP, the temperature inside the container becomes higher. In this case, the
operational rotation speed of the compressor (30) is increased by setting the corrected value
A1 that is smaller than the predetermined value A. Consequently, the flow rate of the
refrigerant flowing through the refrigerant circuit (20) is increased, resulting in a decrease in
the temperature inside the container. The predetermined value A is equal to or greater than
and equal to or smaller than 30.

[0066] On the other hand, when the blown air temperature SS becomes lower than a
temperature obtained by subtracting 0.5°C from the target temperature SP (SS<SP-0.5)
because of operation of the compressor (30) at the operational rotation speed (N-A) adjusted
by the rotation speed controller (102), the corrector (105) adds 1 to the predetermined value A
to set a corrected value A2 (A2=A+1) (A<A2), thereby reducing the operational rotation speed
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(the operational frequency) of the compressor (30) (N-A2). Specifically, when the blown air
temperature SS is lower than the temperature obtained by subtracting 0.5°C from the target
temperature SP, the temperature inside the container becomes lower. In this case, the
operational rotation speed of the compressor (30) is reduced by setting the corrected value A2
that is greater than the predetermined value A. Consequently, the flow rate of the refrigerant
flowing through the refrigerant circuit (20) is reduced, resulting in an increase in the
temperature inside the container. The predetermined value A is equal to or greater than 5 and
equal to or smaller than 30.

[0067] As illustrated in FIG. 4, when the blown air temperature SS becomes higher than the
temperature obtained by adding 0.5°C to the target temperature SP (SS>SP+0.5) because of
operation of the compressor (30) at the operational rotation speed (N+B) adjusted by the
rotation speed controller (102), the corrector (105) adds 1 to the predetermined value B to set
a corrected value B1 (B1=B+1) (B<B1), thereby increasing the operational rotation speed (the
operational frequency) of the compressor (30) (N+B1). Specifically when the blown air
temperature SS is higher than the temperature obtained by adding 0.5°C to the target
temperature SP, the temperature inside the container becomes higher. In this case, the
operational rotation speed of the compressor (30) is increased by setting the corrected value
B1 that is greater than the predetermined value B. Consequently, the flow rate of the
refrigerant flowing through the refrigerant circuit (20) is increased, resulting in a decrease in
the temperature inside the container. The predetermined value B is equal to or greater than 5
and equal to or smaller than 30.

[0068] On the other hand, when the blown air temperature SS becomes lower than the
temperature obtained by subtracting 0.5°C from the target temperature SP (SS<SP-0.5)
because of operation of the compressor (30) at the operational rotation speed (N+B) adjusted
by the rotation speed controller (102), the corrector (105) subtracts 1 from the predetermined
value B to set a corrected value B2 (B2=B-1) (B2<B), thereby reducing the operational rotation
speed (the operational frequency) of the compressor (30) (N+B2). Specifically, when the blown
air temperature SS is lower than the temperature obtained by subtracting 0.5°C from the target
temperature SP, the temperature inside the container becomes lower. In this case, the
operational rotation speed of the compressor (30) is reduced by setting the corrected value B2
that is smaller than the predetermined value B. Consequently, the flow rate of the refrigerant
flowing through the refrigerant circuit (20) is reduced, resulting in an increase in the
temperature inside the container. The predetermined value B is equal to or greater than 5 and
equal to or smaller than 30.

[0069] During cooling, when the fan controller (104) switches the inside fan motor (36a) from
the high rotation speed to the low rotation speed, heat generated by the inside fan motor (36a)
decreases, and the cooling performance of the container refrigeration device (10) becomes
excessive. Accordingly, the valve controller (103) reduces the opening degree of the main
expansion valve (32) by a predetermined degree. This predetermined degree is set depending
on the opening degree of the main expansion valve (32) at the time of switching and changes
in the operational rotation speed N of the compressor (30). When the opening degree of the
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main expansion valve (32) is reduced by the predetermined degree, the flow rate of the
refrigerant flowing into the evaporator (33) of the refrigerant circuit (20) decreases.
Consequently, the cooling performance of the container refrigeration device (10) decreases.
Thus, the blown air temperature SS is maintained at the target temperature SP.

[0070] On the other hand, during the cooling, when the fan controller (104) switches the inside
fan motor (36a) from the low rotation speed to the high rotation speed, heat generated by the
inside fan motor (36a) increases, and the cooling performance of the container refrigeration
device (10) becomes insufficient. Accordingly, the valve controller (103) increases the opening
degree of the main expansion valve (32) by a predetermined degree. This predetermined
degree is set depending on the opening degree of the main expansion valve (32) at the time of
switching and changes in the operational rotation speed N of the compressor (30). When the
opening degree of the main expansion valve (32) is increased by the predetermined degree,
the flow rate of the refrigerant flowing into the evaporator (33) of the refrigerant circuit (20)
increases. Consequently, the cooling performance of the container refrigeration device (10)
increases. Thus, the blown air temperature SS is maintained at the target temperature SP.

-Operation-

[0071] Next, operation of the container refrigeration device (10) will be described. The
operation of the container refrigeration device (10) is roughly classified into the "cooling
operation," "defrosting operation," and "dehumidifying operation." The cooling operation is
performed to cool the inside of the container to a relatively low temperature. Specifically, the
cooling operation is performed such that the inside of the container is cooled or kept cool so as
to preserve goods in transit (e.g., perishable foods) housed in the body of the container. The
defrosting operation is performed by causing the refrigerant discharged from the compressor
(30) to flow through the hot gas bypass circuit (22) so as to melt frost forming on the surfaces
of a heat exchanger tube and the like of the evaporator (33) (frost removing operation). The
defrosting operation is performed at predetermined intervals after starting of the cooling
operation, and when the defrosting operation is ended, the cooling operation is performed
again. The dehumidifying operation is performed to reduce the humidity inside the container.
The defrosting operation and the dehumidifying operation are not detailed herein.

<Cooling Operation>

[0072] In the cooling operation, "cooling," "pumping down," and "heating" are carried out. Note
that in FIGS. 3 and 4, reference character "SS" denotes the temperature (the blown air
temperature) of blown air detected by the blown air temperature sensor (71), and reference
character "SP" denotes the target temperature of the blown air temperature.

<Cooling in Cooling Operation>
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[0073] The cooling illustrated in FIG. 5 is carried out in two modes, i.e., a "chilled mode" and a
"frozen mode." The cooling in the "chilled mode" controls the temperature inside the container
within the range from -10°C to 30°C. The cooling in the "frozen mode" controls the
temperature inside the container within the range from -10°C to -30°C. Hereafter, the basic
cooling is described first, and then, the "chilled mode" is described. The "frozen mode" is not
detailed herein.

[0074] During the cooling in the cooling operation, the first on-off valve (47) and the second
on-off valve (49) are opened, and the third on-off valve (53) and the fifth on-off valve (81) are
closed. The fourth on-off valve (38) is fully opened, and the opening degrees of the subcooling
expansion valve (48) and the main expansion valve (32) are appropriately adjusted. The
compressor (30), the outside fan (35), and the inside fan (36) operate.

[0075] The refrigerant compressed by the compressor (30) condenses in the condenser (31),
and then, passes through the receiver (41). Part of the refrigerant having passed through the
receiver (41) flows directly through the low-pressure liquid pipe (27), and the rest of the
refrigerant is diverted into the subcooling branch pipe (26). The refrigerant having flowed
through the low-pressure liquid pipe (27) is decompressed by the main expansion valve (32),
and thereafter, flows into the evaporator (33). In the evaporator (33), the refrigerant absorbs
heat from the inner air of the container and evaporates. Consequently, the inner air of the
container is cooled. The refrigerant having evaporated in the evaporator (33) is sucked into the
compressor (30) and compressed again.

[0076] The refrigerant diverted into the subcooling branch pipe (26) passes through the
subcooling expansion valve (48) and decompressed to have an intermediate pressure, and
then, flows through the secondary passage (46) of the subcooling heat exchanger (44). In the
subcooling heat exchanger (44), the refrigerant flowing through the primary passage (45) and
the refrigerant flowing through the secondary passage (46) exchange heat. Consequently, the
refrigerant flowing through the primary passage (45) is subcooled whereas the refrigerant
flowing through the secondary passage (46) evaporates. The refrigerant having flowed out
from the secondary passage (46) is sucked into the compression chamber at the intermediate
pressure via an intermediate port of the compressor (30).

-Chilled Mode-

[0077] Next, chilled mode is described. In the chilled mode, as illustrated in FIG. 6,
temperature control is performed according to five regions, i.e. first to fifth regions, into which
cooing loads are divided based on the outdoor air temperature and the target temperature of
the inside of the container. Among these regions, the first region has a highest cooling load
whereas the fifth region has a reversed cooling load. In the chilled mode, the cooling loads
decreases in a stepwise manner from the first region to the fifth region.
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[0078] In the chilled mode, in accordance with switching of the rotation of the inside fan (36),
the compressor controller (101) and the valve controller (103) control the operational rotation
speed of the compressor (30) and the opening degree of the main expansion valve (32) such
that the temperature inside the container becomes equal to the target temperature.
Specifically, when the blown air temperature SS is lower than the target temperature SP, the
compressor controller (101) reduces the operational rotation speed of the compressor (30),
and the valve controller (103) reduces the opening degree of the main expansion valve (32). In
this manner, the amount of the refrigerant circulating through the refrigerant circuit (20)
decreases, and the cooling performance decreases. Consequently, the blown air temperature
SS is caused to approach the target temperature SP, and the temperature inside the container
is maintained.

[0079] On the other hand, when the blown air temperature SS is higher than the target
temperature SP, the compressor controller (101) increases the operational rotation speed of
the compressor (30), and the valve controller (103) increases the opening degree of the main
expansion valve (32). In this manner, the amount of the refrigerant circulating through the
refrigerant circuit (20) increases, and the cooling performance is enhanced. Consequently, the
blown air temperature SS is caused to approach the target temperature SP, and the
temperature inside the container is maintained.

[0080] In the fifth region, the outdoor air temperature is low and the target temperature SP is
high. In the fifth region, the fan controller (104) causes the inside fan (36) to operate in the
high state, and the so-called thermo-off operation in which the compressor (30) is stopped to
cause the cooling operation to pause is performed. Under these circumstances, if the blown air
temperature SS becomes lower than the target temperature SP, the inside of the container is
under a reversed cooling load. In this case, the heating which will be described later is
performed, thereby heating the inside of the container. The heating causes the blown air
temperature SS to approach the target temperature SP, and the temperature inside the
container is maintained.

[0081] In the fourth region, the outdoor air temperature is relatively low and a cooling load is
imposed. In the fourth region, the thermo-off operation is performed, and the inside fan (36) is
switched between the high state and the low state, thereby causing the blown air temperature
SS to approach the target temperature SP.

[0082] In the third region, the outdoor air temperature is relatively low and a cooling load is
imposed. In the third region, when the inside fan (36) operates in the high state, the cooling
performance becomes greater than the cooling load of the inside of the container even with the
compressor (30) operating at the minimum operational rotation speed. In this case, control is
performed such that a thermo-on operation in which the inside fan (36) rotates in the high state
alternate with the thermo-off operation in which the inside fan (36) rotates in the low state,
thereby causing the blown air temperature SS to approach the target temperature SP.
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[0083] In the second region, the outdoor air temperature is relatively high, the target
temperature is relatively low, and a high cooling load is imposed. In the second region, when
the blown air temperature SS is higher than the target temperature SP and the cooling load of
the inside of the container is relatively high, the fan controller (104) switches the rotation of the
inside fan (36) to the high state. In the second region, when the rotation of the inside fan (36)
is in the high state, the compressor (30) is caused to operate continuously at the operational
rotation speed N, thereby causing the blown air temperature SS to approach the target
temperature SP.

[0084] Next, when the blown air temperature SS has continuously remained within the
predetermined temperature range set relative to the target temperature SP (for ten minutes or
more, for example), the fan controller (104) performs switching control to switch the rotation of
the inside fan (36) to the low state. The switching control will be described later. Here, in the
second region, when the inside fan (36) operates in the low state, the cooling performance
becomes greater than the cooling load of the inside of the container even with the compressor
(30) operating at the minimum operational rotation speed. In this case, the thermo-off
operation is performed, thereby causing the blown air temperature SS to approach the target
temperature SP.

[0085] In the first region, the outdoor air temperature is high, the target temperature SP is low,
and the highest cooling load is imposed. In the first region, when the blown air temperature SS
is higher than the target temperature SP and the cooling load of the inside of the container is
relatively high, the fan controller (104) switches the inside fan (36) to the high state. In the first
region, when the inside fan (36) is in the high state, the compressor (30) is caused to operate
continuously at the operational rotation speed N, thereby causing the blown air temperature SS
to approach the target temperature SP.

[0086] Next, when the blown air temperature SS has continuously remained within the
predetermined temperature range set relative to the target temperature SP (for ten minutes or
more, for example), the fan controller (104) performs switching control to switch the rotation of
the inside fan (36) from the high state to the low state. The switching control will be described
later. In the first region, since the cooling load becomes greater than the cooling performance
even with the compressor (30) operating at the minimum operational rotation speed, the
thermo-off operation is not performed.

- Switching Operation of Inside Fan -

[0087] As illustrated in FIG. 2, during the cooling operation in the first or second region, when
the rotation of the inside fan (36) is in the high state and the blown air temperature SS has
continuously remained within the predetermined temperature range set relative to the target
temperature SP (for ten minutes or more, for example), the fan controller (104) performs the
switching operation to switch the rotation of the inside fan (36) from the high state to the low
state.
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[0088] When the fan controller (104) performs the switching control to switch the rotation of the
inside fan (36) from the high state to the low state, heat generated by the inside fan motor
(36a) decreases, and accordingly, the cooling performance of the container refrigeration
device (10) becomes excessive. The rotation speed controller (102) reduces the operational
rotation speed N of the compressor (30) by the predetermined value A, and the compressor
(30) operates at the reduced operational rotation speed (N-A). Consequently, the flow rate of
the refrigerant circulating through the refrigerant circuit (20) decreases, and the cooling
performance of the container refrigeration device (10) decreases, thereby maintaining the
blown air temperature SS at the target temperature SP.

[0089] When the fan controller (104) switches the rotation of the inside fan (36) from the high
state to the low state, the valve controller (103) reduces the opening degree of the main
expansion valve (32) by the predetermined degree. In this manner, the flow rate of the
refrigerant flowing into the evaporator (33) of the refrigerant circuit (20) decreases, and the
cooling performance of the container refrigeration device (10) decreases, thereby maintaining
the blown air temperature SS at the target temperature SP.

[0090] As illustrated in FIG. 3, when the compressor (30) operating at the operational rotation
speed (N-A) causes the blown air temperature SS to become higher than the temperature
obtained by adding 0.5°C to the target temperature SP (SS>SP+0.5), the corrector (105)
subtracts 1 from the predetermined value A to set the corrected value A1 (A1=A-1) (A1<A),
thereby causing the compressor (30) to operate at the operational rotation speed (N-A1) that is
greater than the operational rotation speed (N-A) before the correction. In this manner, the
flow rate of the refrigerant flowing through the refrigerant circuit (20) increases, and the blown
air temperature SS is caused to approach the target temperature SP.

[0091] When the compressor (30) operating at the operational rotation speed (N-A) causes the
blown air temperature SS to become lower than the temperature obtained by subtracting 0.5°C
from the target temperature SP (SS<SP-0.5), the corrector (105) adds 1 to the predetermined
value A to set the corrected value A2 (A2=A+1) (A<A2), thereby causing the compressor (30)
to operate at the operational rotation speed (N-A2) that is lower than the operational rotation
speed (N-A) before the correction. In this manner, the flow rate of the refrigerant flowing
through the refrigerant circuit (20) decreases, and the blown air temperature SS is caused to
approach the target temperature SP.

[0092] During the cooling operation in the first or second region, when the rotation of the inside
fan (36) is in the low state and the blown air temperature SS has continuously remained within
the predetermined temperature range set relative to the target temperature SP (for ten
minutes or more, for example), the fan controller (104) performs the switching operation to
switch the rotation of the inside fan (36) from the low state to the high state. That is, the fan
controller (104) performs the switching control by which the rotation of the inside fan (36) is
switched between the high state and the low state at intervals of ten minutes.
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[0093] When the fan controller (104) performs the switching control to switch the rotation of the
inside fan (36) from the low state to the high state, heat generated by the inside fan motor
(36a) increases, and accordingly, the cooling performance of the container refrigeration device
(10) becomes insufficient. The rotation speed controller (102) increases the operational
rotation speed N of the compressor (30) by the predetermined value B, and the compressor
(30) operates at the increased operational rotation speed (N+B). Consequently, the flow rate of
the refrigerant circulating through the refrigerant circuit (20) increases, and the cooling
performance of the container refrigeration device (10) increases, thereby maintaining the
blown air temperature SS at the target temperature SP.

[0094] When the fan controller (104) switches the rotation of the inside fan (36) from the low
state to the high state, the valve controller (103) increases the opening degree of the main
expansion valve (32) by the predetermined degree. In this manner, the flow rate of the
refrigerant flowing into the evaporator (33) of the refrigerant circuit (20) increases, and the
cooling performance of the container refrigeration device (10) increases, thereby maintaining
the blown air temperature SS at the target temperature SP.

[0095] As illustrated in FIG. 4, when the compressor (30) operating at the operational rotation
speed (N+B) causes the blown air temperature SS to become higher than the temperature
obtained by adding 0.5°C to the target temperature SP (SS>SP+0.5), the corrector (105) adds
1 to the predetermined value B to set the corrected value B1 (B1=B+1) (B<B1), thereby
causing the compressor (30) to operate at the operational rotation speed (N+B1) that is
greater than the operational rotation speed (N+B) before the correction. In this manner, the
flow rate of the refrigerant flowing through the refrigerant circuit (20) increases, and the blown
air temperature SS is caused to approach the target temperature SP.

[0096] When the compressor (30) operating at the operational rotation speed (N+B) causes
the blown air temperature SS to become lower than the temperature obtained by subtracting
0.5°C from the target temperature SP (SS<SP-0.5), the corrector (105) subtracts 1 from the
predetermined value B to set the corrected value B2 (B2=B-1) (B2<B), thereby causing the
compressor (30) to operate at the operational rotation speed (N+B2) that is lower than the
operational rotation speed (N+B) before the correction. In this manner, the flow rate of the
refrigerant flowing through the refrigerant circuit (20) decreases, and the blown air temperature
SS is caused to approach the target temperature SP.

[0097] In addition, when the fan controller (104) switches the rotation of the inside fan (36)
from the low state to the high state, air blown out from the container refrigeration device (10) is
distributed entirely inside the container and agitates the inner air of the container.
Consequently, the temperature inside the container becomes uniform.

[0098] As illustrated in FIG. 2, in the switching control performed by the fan controller (104) to
switch the rotation of the inside fan (36) from the low state to the high state, when the suction
air temperature RS is within the range of plus/minus 1°C with respect to the target temperature
SP, the fan controller (104) carries out the continuous control to cause the inside fan (36) to
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continue operating in the low state.

<Pumping Down in Cooling Operation>

[0099] In the pumping down (not shown) of the cooling operation, the second on-off valve (49)
is opened, and the first, third, and fifth on-off valves (47, 53, 81) are closed. The fourth on-off
valve (38) is fully opened, and the subcooling expansion valve (48) and the main expansion
valve (32) are fully closed. The compressor (30), the outside fan (35), and the inside fan (36)
operate.

[0100] When the compressor (30) operates, the refrigerant in the line from the main expansion
valve (32) that is fully closed to the suction port of the compressor (30) (i.e., in the low-
pressure liquid pipe (27) and the low-pressure gas pipe(28)) is sucked into the compressor
(30). The refrigerant is then discharged from the compressor (30), and is condensed in the
condenser (31) to be liquefied. The liquid refrigerant is stored in the receiver (41). Thus, in the
pumping down, the refrigerant of the refrigerant circuit (20) is collected in the receiver (41).

[0101] In the pumping down, the operational rotation speed (the operational frequency) of the
compressor (30) is basically kept constant. The outside fan (35) operates at the maximum
rotation speed. In this manner, condensation of the refrigerant in the condenser is facilitated.

<Heating in Cooling Operation>

[0102] The heating in the cooling operation is performed such that the high-temperature and
high-pressure gaseous refrigerant having been compressed by the compressor (30) is caused
to bypass the condenser (31), the receiver (41), the subcooling heat exchanger (44), and the
main expansion valve (32) and to be supplied to the evaporator (33). The heating is performed
when the temperature inside the container becomes lower than the target temperature and the
inside of the container is excessively cooled. Immediately before the heating, the pumping
down is performed.

[0103] In the heating, the second on-off valve (49) is closed, the third on-off valve (53) is fully
opened, and the main expansion valve (32) is fully closed (0 pulse). The first, fourth, and fifth
on-off valves (47, 38, 81) and the subcooling expansion valve (48) are basically fully closed (0
pulse). The compressor (30) and the inside fan (36) operate whereas the outside fan (35) is
basically stopped.

[0104] The refrigerant having been compressed by the compressor (30) passes through the
hot gas bypass circuit (22) to be supplied to the evaporator (33). Specifically, the high-
temperature and high-pressure gaseous refrigerant flows through the main circuit (21) and
then is diverted into the first branch passage (51) and the second branch passage (52). The
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refrigerant diverted into the second branch passage (52) passes through the drain pan heater
(54), and then, merges with the refrigerant having flowed out from the first branch passage
(51). After merging, the refrigerant flows into the evaporator (33), where the refrigerant
dissipates heat into the inner air of the container. Consequently, the inner air of the container is
heated, and the temperature inside the container is cause to approach the target temperature.
The refrigerant having dissipated heat in the evaporator (33) is sucked into the compressor
(30) to be compressed.

- Advantages of Embodiment -

[0105] According to the embodiment, when the blown air temperature SS has continuously
remained within the predetermined temperature range set relative to the target temperature
SP (for ten minutes or more, for example), the operational rotation speed N of the compressor
(30) is reduced as the rotation speed of the inside fan (36) is reduced. Accordingly, the cooling
performance to cool the inside of the container can be reduced by the amount of the reduction
in heat caused by the reduced rotation speed of the inside fan motor (36a). In this manner, an
amount of energy corresponding to the decrease in the rotation speed of the inside fan motor
(36a) can be saved while maintaining the blown air temperature SS at the target temperature
SP. As a result, the container refrigeration device (10) can perform energy saving operation
while ensuring the quality of the goods in the container.

[0106] In addition, according to changes in the blown air temperature SS caused by the
decrease in the rotation speed of the inside fan motor (36a), the predetermined value A is
corrected. Consequently, the operational rotation speed of the compressor (30) can be
appropriately set according to the changes in the blown air temperature SS. As the result, the
blown air temperature SS is caused to approach the target temperature SP.

[0107] Further, since the opening degree of the main expansion valve (32) are reduced in
accordance with the reduction in the rotation speed of the inside fan motor (36a), the cooling
performance of the container refrigeration device (10) can be reduced by the amount of the
reduction in heat caused by the reduced rotation speed of the inside fan motor (36a). In this
manner, an amount of energy corresponding to the decrease in the rotation speed of the
inside fan motor (36a) can be saved while maintaining the blown air temperature SS at the
target temperature SP. As a result, the container refrigeration device (10) can perform energy
saving operation while ensuring the quality of the goods in the container.

[0108] Further, when the blown air temperature SS has continuously remained within the
predetermined temperature range set relative to the target temperature SP, the operational
rotation speed N of the compressor (30) is increased in accordance with the increase in the
rotation speed of the inside fan motor (36a). Accordingly, the cooling performance to cool the
inside of the container can be increased by the amount of the increase in heat caused by the
increased rotation speed of the inside fan motor (36a). Since the rotation speed of the inside
fan motor (36a) is increased, the temperature distribution is kept uniform entirely inside the
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container. In this manner, the blown air temperature SS is surely maintained at the target
temperature SP. As a result, the container refrigeration device (10) can perform energy saving
operation while ensuring the quality of the goods in the container.

[0109] In addition, according to changes in the blown air temperature SS caused by the
increase in the rotation speed of the inside fan motor (36a), the predetermined value B is
corrected. Consequently, the operational rotation speed of the compressor (30) can be
appropriately set according to the changes in the blown air temperature SS. As the result, the
blown air temperature SS can be caused to approach the target temperature SP.

[0110] Moreover, since the opening degree of the main expansion valve (32) is increased in
accordance with the increase in the rotation speed of the inside fan motor (36a), the cooling
performance of the container refrigeration device (10) can be increased by the amount of the
increase in heat caused by the increased rotation speed of the inside fan motor (36a). In this
manner, the blown air temperature SS can be maintained at the target temperature SP. As a
result, the container refrigeration device (10) can perform energy saving operation while
ensuring the quality of the goods in the container.

[0111] Further, since the rotation of the inside fan motor (36a) is alternately switched between
the higher speed and the lower speed, it is possible to make the temperature distribution
uniform entirely inside the container. Specifically, in general, when an inside fan is controlled to
operate at a low speed, air blown by the inside fan is unlikely to be distributed uniformly and
entirely inside a container, and the temperature distribution inside the container can become
nonuniform (uneven). In particular, in a container, an area opposite to the container
refrigeration device (an area near the door of the container) may have a high temperature.

[0112] In contrast, according to this embodiment, since the rotation of the inside fan motor
(36a) is switched to not only the lower speed but also the higher speed, it is possible to make
the temperature distribution uniform entirely inside the container. In particular, it is possible to
make uniform the temperature of the area opposite to the container refrigeration device (10)
(the area near the door of the container). Thus, energy saving operation can be performed by
causing the inside fan (36) to operate at the lower speed while maintaining the blown air
temperature SS at the target temperature SP. As a result, the container refrigeration device
(10) can perform energy saving operation while ensuring the quality of the goods in the
container.

[0113] When the suction air temperature RS is within the temperature range of plus/minus 1°C
with respect to the target temperature SP, the inside fan motor (36a) is caused to operate
continuously at the lower speed without being switched to the higher speed. Specifically, a
state in which the inside fan motor (36a) is controlled to operate at the lower speed and the
suction air temperature RS of the air circulating in the container is within the temperature range
of plus/minus 1°C with respect to the target temperature SP indicates that the temperature in
the area opposite to the refrigeration device (the area near the door of the container) is also
maintained at the target temperature. Accordingly, the temperature distribution inside the
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container can be maintained uniform even with the inside fan motor (36a) continuing rotating at
the lower speed. It is also possible to make uniform the temperature in the area opposite to the
refrigeration device (the area near the door of the container). As a result, the container
refrigeration device (10) can perform energy saving operation while ensuring the quality of the
goods in the container.

[0114] The forgoing embodiment is merely a preferred example in nature, and is not intended

to limit the scope, applications, and use of the invention.

INDUSTRIAL APPLICABILITY

[0115] As described above, the present disclosure is useful for container refrigeration devices.

DESCRIPTION OF REFERENCE CHARACTERS

[0116]
20
Refrigerant circuit
30
Compressor
31
Condenser
32
Main expansion valve
33
Evaporator
36
Inside fan
101
Compressor controller
102
Rotation speed controller
103
Valve controller
104
Fan controller
105

Corrector
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CONTAINERKQZLEINDRETNING
Patentkrav
1. Containerkgleindretning med et kalemiddelkredslab (20), hvilken containerkgleindretning
indbefatter en kompressor (30), en kondensator (31), en ekspansionsmekanisme (32) og en
fordamper (33), der er sekventielt forboundet sammen, og med en indvendig ventilator (36),
der er konfigureret til at bleese indvendig Iuft, som har udvekslet varme i fordamperen (33) i
kelemiddelkredslgbet (20), til et indre i en container, idet en rotationshastighed for den
indvendige ventilator (36) er variabel, hvilken containerkgleindretning omfatter:
en ventilatorstyreenhed (104), der er konfigureret til at reducere rotationshastigheden
for den indvendige ventilator (36), nar en temperatur inde i containeren er stabiliseret;
0g
en rotationshastighedsstyreenhed (102), der er konfigureret til at reducere en
operationel rotationshastighed N for kompressoren (30), saledes at temperaturen
inde i containeren bliver lig med en maltemperatur, efterhanden som
ventilatorstyreenheden (104) reducerer rotationshastigheden for den indvendige
ventilator (36), kendetegnet ved, at
rotationshastigheden for den indvendige ventilator (36) kan omskiftes mellem mindst
to hastigheder, der indbefatter en hgjere hastighed og en lavere hastighed, og en
stoptilstand, hvori den indvendige ventilator (36) er standset, og
ventilatorstyreenheden (104) er konfigureret til at udfgre omskiftningsstyring med
henblik pa at omskifte rotationen for den indvendige ventilator (36) mellem den hgjere

hastighed og den lavere hastighed med forudbestemte intervaller.

2. Containerkgleindretning ifelge krav 1, der endvidere omfatter:

en korrektionsenhed (105), hvor

rotationshastighedsstyreenheden (102) er konfigureret til at reducere den
operationelle rotationshastighed N for kompressoren (30) med en forudbestemt veerdi
A, saledes at temperaturen inde i containeren bliver lig med maltemperaturen,
efterhanden som ventilatorstyreenheden (104) reducerer rotationshastigheden for
den indvendige ventilator (36),

korrektionsenheden (105) er konfigureret til at udfere korrektion med henblik pa at

reducere den forudbestemte veerdi A, nar temperaturen inde i containeren bliver
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2

hgjere end maltemperaturen pa grund af drift ved en operationel rotationshastighed
(N-A), som reduceres af rotationshastighedsstyreenheden (102), og

korrektionsenheden (105) er konfigureret til at udfere korrektion med henblik pa at
forgge den forudbestemte vaerdi A, nar temperaturen inde i containeren bliver lavere
end maltemperaturen pa grund af driften ved den operationelle rotationshastighed (N-

A), som justeres af rotationshastighedsstyreenheden (102).

3. Containerkgleindretning ifglge krav 1, der endvidere omfatter:
en ventilstyreenhed (103), hvor
ekspansionsmekanismen (32) er en ekspansionsventil (32) med en variabel
abningsgrad, og
ventilstyreenheden (103) er konfigureret til at reducere ekspansionsventilens (32)
abningsgrad, efterhanden som ventilatorstyreenheden (104) reducerer

rotationshastigheden for den indvendige ventilator (36).

4. Containerkgleindretning ifelge krav 1, hvor
ventilatorstyreenheden (104) er konfigureret til at forage den reducerede rotationshastighed
for den indvendige ventilator (36), nar temperaturen inde i containeren er stabiliseret, og
rotationshastighedsstyreenheden (102) er konfigureret til at forege den operationelle
rotationshastighed N for kompressoren (30), saledes at temperaturen inde i containeren
bliver lig med maltemperaturen, efterhanden som ventilatorstyreenheden (104) forgger

rotationshastigheden for den indvendige ventilator (36).

5. Containerkgleindretning ifalge krav 4, der endvidere omfatter:

en korrektionsenhed (105), hvor

rotationshastighedsstyreenheden (102) er konfigureret til at forage den operationelle
rotationshastighed N for kompressoren (30) med en forudbestemt veerdi B, saledes
at temperaturen inde i containeren bliver lig med maltemperaturen, efterhanden som
ventilatorstyreenheden (104) forgger rotationshastigheden for den indvendige
ventilator (36),

korrektionsenheden (105) er konfigureret til at udfere korrektion med henblik pa at

forage den forudbestemte veerdi B, nar temperaturen inde i containeren bliver hgjere
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end maltemperaturen pa grund af drift ved en operationel rotationshastighed (N+B),
som justeres af rotationshastighedsstyreenheden (102), og

korrektionsenheden (105) er konfigureret til at udfere korrektion med henblik pa at
reducere den forudbestemte veerdi B, nar temperaturen inde i containeren bliver
lavere end maltemperaturen pa grund af driften ved den operationelle

rotationshastighed (N+B), som justeres af rotationshastighedsstyreenheden (102).

6. Containerkgleindretning ifglge krav 4, der endvidere omfatter:
en ventilstyreenhed (103), hvor
ekspansionsmekanismen (32) er en ekspansionsventil (32) med en variabel
abningsgrad, og
ventilstyreenheden (103) er konfigureret til at forgge ekspansionsventilens (32)
abningsgrad, efterhanden som  ventilatorstyreenheden (104)  foreger

rotationshastigheden for den indvendige ventilator (36).

7. Containerkgleindretning ifelge krav 1, hvor
ventilatorstyreenheden (104), nar en temperatur pa udsugningsluft, som udsuges fra
containerens indre, er lig med eller lavere end en forudbestemt temperatur under
omskiftningsstyringen, er konfigureret til at udfere lavhastighedsstyring for at fa den

indvendige ventilator (36) til at arbejde kontinuerligt ved den lavere hastighed.
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FIG.2
SWITCHING CONTROL
INSIDE FAN : High
A
SS is stabilized for ten minutes or more. SS is stabilized for
When RS is within the range of plus/ ten minutes or more.

minus 1°C with respect to SP, the inside
fan continues operating in the low state.

A 4

SWITCHING CONTROL

INSIDE FAN:Low
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