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DESCRIPTION 

 

CONTAINER REFRIGERATION SYSTEM 

 

TECHNICAL FIELD 5 

[0001] The present invention relates to a container refrigeration system, and particularly 

relates to improvement of reliability in hot gas defrosting. 

 

BACKGROUND ART 

[0002] A container refrigeration system configured to cool an inside of a container has 10 

been known as a refrigeration system configured to perform a refrigeration cycle.  Patent 

Document 1 discloses the container refrigeration system of this type. 

[0003] The container refrigeration system disclosed in Patent Document 1 includes a 

refrigerant circuit in which a compressor, a condenser, an expansion valve, and an evaporator 

are connected together.  The evaporator is provided inside the container.  In the evaporator, 15 

refrigerant is evaporated by absorbing heat from air inside the container.  In such a manner, 

the air inside the container is cooled. 

[0004] In the refrigerant circuit of the container refrigeration system, a bypass circuit 

configured to supply refrigerant (so-called “hot gas”) compressed in the compressor to the 

evaporator without passing through the condenser is provided.  Specifically, the bypass 20 

circuit includes two bypass pipes and two opening/closing valves provided respectively for 

the bypass pipes.  Each of the bypass pipes allows communication of a gas line between the 

compressor and the condenser with a liquid line between the expansion valve and the 

evaporator.  In the container refrigeration system, the foregoing bypass circuit is used to 

perform a defrosting mode for defrosting the evaporator. 25 

DESCRIPTION CONTAINER REFRIGERATION SYSTEM 5 TECHNICAL FIELD [0001]The present
invention relates to a container refrigeration system, and particularly relates to improvement of
reliability in hot gas defrosting. BACKGROUND ART 10[0002] A container refrigeration system
configured to cool an inside of a container has been known as a refrigeration system configured to
perform a refrigeration cycle. Patent Document 1 discloses the container refrigeration system of this
type. [0003] The container refrigeration system disclosed in Patent Document 1 includes a refrigerant
circuit in which a compressor, a condenser, an expansion valve, and an evaporator 15 are connected
together. The evaporator is provided inside the container. In the evaporator, refrigerant is evaporated
by absorbing heat from air inside the container. In such a manner, the air inside the container is
cooled. [0004]In the refrigerant circuit of the container refrigeration system, a bypass circuit configured
to supply refrigerant (so-called "hot gas") compressed in the compressor to the 
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[0005] Specifically, in the defrosting mode, a defrosting capacity is adjusted to two levels 

depending on an opening/closing state of the two opening/closing valves.  That is, when only 

one of the opening/closing valves is opened in the defrosting mode, hot gas is supplied to the 

evaporator only through corresponding one of the bypass pipes.  Thus, the flow rate of 

refrigerant flowing through the evaporator is relatively low.  A heating capacity (defrosting 5 

capacity) inside the container is also relatively low.  On the other hand, when both of the 

opening/closing valves are opened in the defrosting mode, hot gas is supplied to the 

evaporator through the two bypass pipes.  Thus, the flow rate of refrigerant flowing through 

the evaporator is relatively high.  The heating capacity (defrosting capacity) inside the 

container is also relatively high. 10 

 

CITATION LIST 

PATENT DOCUMENT 

[0006] PATENT DOCUMENT 1: Japanese Patent Publication No. 2008-215645 

 15 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEM 

[0007] As described above, in the container refrigeration system disclosed in Patent 

Document 1, the opening/closing state of the two opening/closing valves is switched to adjust 

the heating capacity inside the container in a heating operation.  However, in the defrosting 20 

mode, complexity and a cost increase of the refrigerant circuit are caused due to the 

configuration in which the two opening/closing valves are used.  In addition, the heating 

capacity cannot be finely adjusted only by adjusting the bypass flow rate in association with 

the switching of the opening/closing state of the two opening/closing valves.  Thus, the 

following disadvantages are caused: air inside the container cannot be quickly heated to a 25 

20 evaporator without passing through the condenser is provided. Specifically, the bypass circuit
includes two bypass pipes and two opening/closing valves provided respectively for the bypass pipes.
Each of the bypass pipes allows communication of a gas line between the compressor and the
condenser with a liquid line between the expansion valve and the evaporator. In the container
refrigeration system, the foregoing bypass circuit is used to 25 perform a defrosting mode for
defrosting the evaporator.  [0005]Specifically, in the defrosting mode, a defrosting capacity is adjusted
to two levels depending on an opening/closing state of the two opening/closing valves. That is, when
only one of the opening/closing valves is opened in the defrosting mode, hot gas is supplied to the
evaporator only through corresponding one of the bypass pipes. Thus, the flow rate of  5 refrigerant
flowing through the evaporator is relatively low. A heating capacity (defrosting capacity) inside the
container is also relatively low. On the other hand, when both of the opening/closing valves are
opened in the defrosting mode, hot gas is supplied to the evaporator through the two bypass pipes.
Thus, the flow rate of refrigerant flowing through the evaporator is relatively high. The heating capacity
(defrosting capacity) inside the 10container is also relatively high. CITATION LIST PA l'ENT
DOCUMENT [0006] PATENT DOCUMENT 1: Japanese Patent Publication No. 2008-215645 
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target temperature due to lack of the heating capacity; and energy saving properties are 

degraded due to excess of the heating capacity. 

[0008] The present invention has been made in view of the foregoing, and it is an objective 

of the present invention to provide a highly-reliable container refrigeration system in which a 

heating capacity is efficiently adjusted in a defrosting mode using a hot gas bypass circuit. 5 

 

SOLUTION TO THE PROBLEM 

[0009] A first aspect of the invention is intended for a container refrigeration system 

includes a refrigerant circuit (20) configured to perform a refrigeration cycle and including a 

main circuit (21) in which a compressor (30), a condenser (31), an expansion valve (32), and 10 

an evaporator (33) are connected together in this order, and a hot gas bypass circuit (22) in 

which compressed refrigerant of the compressor (30) is supplied to the evaporator (33) by 

bypassing the condenser (31) and the expansion valve (32); and a compressor control section 

(81) configured to, in a defrosting operation in which the compressed refrigerant of the 

compressor (30) returns to the compressor (30) through the hot gas bypass circuit (22) and the 15 

evaporator (33) and the evaporator (33) is defrosted, control an operating speed of the 

compressor (30) such that a pressure of the compressed refrigerant of the compressor (30) 

reaches a target value. 

[0010] In the first aspect of the invention, high-temperature compressed refrigerant of the 

compressor (30) flows into the evaporator (33) by bypassing the condenser (31) and the main 20 

expansion valve (32), thereby defrosting the evaporator (33).  The operating speed of the 

compressor (30) is controlled such that the pressure of the compressed refrigerant of the 

compressor (30) reaches the target value, i.e., a pressure equivalent saturation temperature of 

the compressed refrigerant reaches a target value.  For example, if the pressure of the 

compressed refrigerant is lower than the target value, the operating speed of the compressor 25 

15 SUMMARY OF THE INVENTION TECHNICAL PROBLEM [0007] As described above, in the
container refrigeration system disclosed in Patent Document 1, the opening/closing state of the two
opening/closing valves is switched to adjust  20 the heating capacity inside the container in a heating
operation. However, in the defrosting mode, complexity and a cost increase of the refrigerant circuit
are caused due to the configuration in which the two opening/closing valves are used. In addition, the
heating capacity cannot be finely adjusted only by adjusting the bypass flow rate in association with
the switching of the opening/closing state of the two opening/closing valves. Thus, the 25following
disadvantages are caused: air inside the container cannot be quickly heated to a  target temperature
due to lack of the heating capacity; and energy saving properties are degraded due to excess of the
heating capacity.   [0008] The present invention has been made in view of the foregoing, and it is an
objective of the present invention to provide a highly-reliable container refrigeration system in which a
5heating capacity is efficiently adjusted in a defrosting mode using a hot gas bypass circuit.
SOLUTION TO THE PROBLEM 
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(30) is high.  If the pressure of the compressed refrigerant is higher than the target value, the 

operating speed of the compressor (30) is low. 

[0011] A second aspect of the invention is intended for the container refrigeration system 

of the first aspect of the invention, which further includes a refrigerant amount control section 

(82) configured to, depending on a superheating degree SH of the compressed refrigerant of 5 

the compressor (30) in the defrosting operation, perform a refrigerant discharge operation in 

which part of the compressed refrigerant of the compressor (30) flows into a high-pressure 

liquid pipe (25) of the refrigerant circuit (20) in which the condenser (31) is provided, and is 

stored in the high-pressure liquid pipe (25), and a refrigerant supply operation in which the 

refrigerant of the high-pressure liquid pipe (25) is supplied to the compressor (30). 10 

[0012] In the second aspect of the invention, if the superheating degree SH of the 

compressed refrigerant is lower than a predetermined value, the refrigerant discharge 

operation is performed.  This allows a decrease in amount of refrigerant circulating between 

the compressor (30) and the evaporator (33), thereby increasing the superheating degree SH 

of the compressed refrigerant.  If the superheating degree SH of the compressed refrigerant 15 

is higher than the predetermined value, the refrigerant supply operation is performed.  This 

allows an increase in amount of refrigerant circulating between the compressor (30) and the 

evaporator (33), thereby decreasing the superheating degree SH of the compressed refrigerant. 

[0013] A third aspect of the invention is intended for the container refrigeration system of 

the second aspect of the invention, which further includes a supercooling heat exchanger (44) 20 

provided in the high-pressure liquid pipe (25); and a supercooling branch pipe (26) through 

which refrigerant branched from the high-pressure liquid pipe (25) supercools liquid 

refrigerant of the high-pressure liquid pipe (25) in the supercooling heat exchanger (44) and 

then flows into a low pressure gas pipe (28) of the refrigerant circuit (20) or a compression 

chamber of the compressor (30) in an intermediate pressure state.  In the refrigerant supply 25 

[0009] A first aspect of the invention is intended for a container refrigeration system includes a
refrigerant circuit (20) configured to perform a refrigeration cycle and including a  10 main circuit (21) in
which a compressor (30), a condenser (31), an expansion valve (32), and an evaporator (33) are
connected together in this order, and a hot gas bypass circuit (22) in which compressed refrigerant of
the compressor (30) is supplied to the evaporator (33) by bypassing the condenser (31) and the
expansion valve (32); and a compressor control section (81) configured to, in a defrosting operation in
which the compressed refrigerant of the  15 compressor (30) returns to the compressor (30) through
the hot gas bypass circuit (22) and the evaporator (33) and the evaporator (33) is defrosted, control an
operating speed of the compressor (30) such that a pressure of the compressed refrigerant of the
compressor (30) reaches a target value. [0010]In the first aspect of the invention, high-temperature
compressed refrigerant of the 20 compressor (30) flows into the evaporator (33) by bypassing the
condenser (31) and the main expansion valve (32), thereby defrosting the evaporator (33). The
operating speed of the compressor (30) is controlled such that the pressure of the compressed
refrigerant of the compressor (30) reaches the target value, i.e., a pressure equivalent saturation
temperature of the compressed refrigerant reaches a target value. For example, if the pressure of the
25compressed refrigerant is lower than the target value, the operating speed of the compressor  (30)
is high. If the pressure of the compressed refrigerant is higher than the target value, the operating
speed of the compressor (30) is low. [0011] A second aspect of the invention is intended for the
container refrigeration system of the first aspect of the invention, which further includes a refrigerant
amount control section  5 (82) configured to, depending on a superheating degree SH of the
compressed refrigerant of the compressor (30) in the defrosting operation, perform a refrigerant
discharge operation in which part of the compressed refrigerant of the compressor (30) flows into a
high-pressure liquid pipe (25) of the refrigerant circuit (20) in which the condenser (31) is provided, and
is stored in the high-pressure liquid pipe (25), and a refrigerant supply operation in which the 
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operation, the valve control section (82) allows the refrigerant of the high-pressure liquid pipe 

(25) to flow into the compressor (30) through the supercooling branch pipe (26). 

[0014] In the third aspect of the invention, in the refrigerant supply operation, refrigerant 

stored in the condenser (31) and the high-pressure liquid pipe (25) flows into the compressor 

(30) through the supercooling branch pipe (26), thereby increasing the amount of refrigerant 5 

circulating between the compressor (30) and the evaporator (33). 

[0015] A fourth aspect of the invention is intended for the container refrigeration system of 

the second or third aspect of the invention, which further includes a fan control section (83) 

configured to, in the refrigerant discharge operation by the refrigerant amount control section 

(82), operate a condenser fan (35) of the condenser (31). 10 

[0016] In the fourth aspect of the invention, in the refrigerant discharge operation, air is 

sent to the condenser (31) by the outside-container fan (35).  Part of the compressed 

refrigerant of the compressor (30) flows through the condenser (31), and is condensed by 

exchanging heat with the air sent by the outside-container fan (35). 

[0017] A fifth aspect of the invention is intended for the container refrigeration system of 15 

the second or third aspect of the invention, in which, in the defrosting operation, when an 

outlet refrigerant temperature of the evaporator (33) reaches equal to or higher than a 

predetermined value, the target value for the pressure of the compressed refrigerant of the 

compressor (30) is changed to a higher value. 

[0018] In the fifth aspect of the invention, in the defrosting operation, if the outlet 20 

refrigerant temperature of the evaporator (33) reaches equal to or higher than the 

predetermined value, such a state is regarded as the state in which most of frost on the 

evaporator (33) is melted, and therefore the target value for the pressure of the compressed 

refrigerant is changed to a higher value.  Thus, the evaporator (33) is heated by higher-

temperature refrigerant. 25 

10refrigerant of the high-pressure liquid pipe (25) is supplied to the compressor (30). [0012] In the
second aspect of the invention, if the superheating degree SH of the compressed refrigerant is lower
than a predetermined value, the refrigerant discharge operation is performed. This allows a decrease
in amount of refrigerant circulating between the compressor (30) and the evaporator (33), thereby
increasing the superheating degree SH  15 of the compressed refrigerant. If the superheating degree
SH of the compressed refrigerant is higher than the predetermined value, the refrigerant supply
operation is performed. This allows an increase in amount of refrigerant circulating between the
compressor (30) and the evaporator (33), thereby decreasing the superheating degree SH of the
compressed refrigerant. [0013] A third aspect of the invention is intended for the container refrigeration
system of  20 the second aspect of the invention, which further includes a supercooling heat
exchanger (44) provided in the high-pressure liquid pipe (25); and a supercooling branch pipe (26)
through which refrigerant branched from the high-pressure liquid pipe (25) supercools liquid refrigerant
of the high-pressure liquid pipe (25) in the supercooling heat exchanger (44) and then flows into a low
pressure gas pipe (28) of the refrigerant circuit (20) or a compression 25chamber of the compressor
(30) in an intermediate pressure state. In the refrigerant supply  operation, the valve control section
(82) allows the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor (30) through
the supercooling branch pipe (26). [0014]In the third aspect of the invention, in the refrigerant supply
operation, refrigerant stored in the condenser (31) and the high-pressure liquid pipe (25) flows into the
compressor 5(30) through the supercooling branch pipe (26), thereby increasing the amount of
refrigerant circulating between the compressor (30) and the evaporator (33). [0015] A fourth aspect of
the invention is intended for the container refrigeration system of 
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[0019] A sixth aspect of the invention is intended for the container refrigeration system of 

any one of the first to fifth aspects of the invention, in which, in a cooling mode in which 

refrigerant circulates through the main circuit (21) to perform the refrigeration cycle and an 

inside of a container is cooled, the defrosting operation is started after a predetermined time 

has elapsed from a start of the cooling mode in a state in which a difference between a 5 

temperature inside the container and a set temperature inside the container is equal to or 

greater than a predetermined value, and the defrosting operation is started after a 

predetermined time has elapsed from the start of the cooling mode and a cooling capacity of 

the evaporator (33) is reduced to equal to or less than a predetermined value in a state in 

which the difference between the temperature inside the container and the set temperature 10 

inside the container is less than the predetermined value. 

[0020] If the difference between the temperature inside the container and the set 

temperature inside the container is large (an out-range state) even after the cooling mode is 

performed to some extent, it is assumed that the cooling capacity of the evaporator (33) is 

not fully used, and that a certain amount of frost is formed on the evaporator (33).  Thus, in 15 

the out-range state, the defrosting operation is started under the condition where the 

predetermined time has elapsed from the start of the cooling mode.  On the other hand, if 

the cooling mode is performed to some extent and the difference between the temperature 

inside the container and the set temperature inside the container is small (an in-range state), it 

is assumed that the cooling capacity of the evaporator (33) is properly used, and that not so 20 

much frost is formed on the evaporator (33).  If the defrosting operation is started only 

under the condition where the predetermined time has elapsed from the start of the cooling 

mode, it is highly likely that the defrosting operation is actually performed in the state in 

which not so much frost is formed on the evaporator (33).  Thus, in the sixth aspect of the 

invention, in the in-range state, the defrosting operation is started under the condition where 25 

the second or third aspect of the invention, which further includes a fan control section (83) configured
to, in the refrigerant discharge operation by the refrigerant amount control section 10(82), operate a
condenser fan (35) of the condenser (31). [0016]In the fourth aspect of the invention, in the refrigerant
discharge operation, air is sent to the condenser (31) by the outside-container fan (35). Part of the
compressed refrigerant of the compressor (30) flows through the condenser (31), and is condensed by
exchanging heat with the air sent by the outside-container fan (35). 15[0017] A fifth aspect of the
invention is intended for the container refrigeration system of the second or third aspect of the
invention, in which, in the defrosting operation, when an outlet refrigerant temperature of the
evaporator (33) reaches equal to or higher than a predetermined value, the target value for the
pressure of the compressed refrigerant of the compressor (30) is changed to a higher value.
20[0018]In the fifth aspect of the invention, in the defrosting operation, if the outlet refrigerant
temperature of the evaporator (33) reaches equal to or higher than the predetermined value, such a
state is regarded as the state in which most of frost on the evaporator (33) is melted, and therefore the
target value for the pressure of the compressed refrigerant is changed to a higher value. Thus, the
evaporator (33) is heated by higher- 25temperature refrigerant.  [0019] A sixth aspect of the invention
is intended for the container refrigeration system of any one of the first to fifth aspects of the invention,
in which, in a cooling mode in which refrigerant circulates through the main circuit (21) to perform the
refrigeration cycle and an inside of a container is cooled, the defrosting operation is started after a
predetermined time 
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the cooling capacity of the evaporator (33) is reduced to some extent, in addition to the 

condition where the predetermined time has elapsed from the start of the cooling mode.  

This prevents the defrosting operation from being uselessly performed. 

 

ADVANTAGES OF THE INVENTION 5 

[0021] As described above, according to the present invention, the operating speed of the 

compressor (30) is controlled such that the pressure of the compressed refrigerant reaches the 

target value in the defrosting operation (defrosting mode).  Thus, a heating capacity can be 

quickly adjusted to a suitable heating capacity.  As a result, a defrosting mode time can be 

shortened, and a highly-reliable container refrigeration system (10) can be provided. 10 

[0022] According to the second aspect of the invention, the amount of refrigerant 

circulating between the compressor (30) and the evaporator (33) is adjusted depending on the 

superheating degree SH of discharged refrigerant.  Specifically, when the superheating 

degree SH is low, part of refrigerant circulating between the compressor (30) and the 

evaporator (33) is discharged to the high-pressure liquid pipe (25), thereby decreasing the 15 

circulating refrigerant amount to increase the superheating degree SH.  This prevents 

refrigerant from being in a moist state in the compressor (30) (i.e., prevents liquid 

compression in the compressor (30)).  On the other hand, when the superheating degree SH 

is high, refrigerant of the high-pressure liquid pipe (25) is supplied to make up for deficiency 

of refrigerant circulating between the compressor (30) and the evaporator (33), thereby 20 

increasing the circulating refrigerant amount to decrease the superheating degree SH.  This 

prevents an abnormal increase in outlet temperature of the compressor (30), thereby 

protecting the compressor (30). 

[0023] According to the fourth aspect of the invention, in the refrigerant discharge 

operation, the outside-container fan (35) is operated.  Thus, it is encouraged that part of the 25 

5 has elapsed from a start of the cooling mode in a state in which a difference between a temperature
inside the container and a set temperature inside the container is equal to or greater than a
predetermined value, and the defrosting operation is started after a predetermined time has elapsed
from the start of the cooling mode and a cooling capacity of the evaporator (33) is reduced to equal to
or less than a predetermined value in a state in 10 which the difference between the temperature
inside the container and the set temperature inside the container is less than the predetermined value.
[0020] If the difference between the temperature inside the container and the set temperature inside
the container is large (an out-range state) even after the cooling mode is performed to some extent, it
is assumed that the cooling capacity of the evaporator (33) is 15 not fully used, and that a certain
amount of frost is formed on the evaporator (33). Thus, in the out-range state, the defrosting operation
is started under the condition where the predetermined time has elapsed from the start of the cooling
mode. On the other hand, if the cooling mode is performed to some extent and the difference between
the temperature inside the container and the set temperature inside the container is small (an in-range
state), it 20 is assumed that the cooling capacity of the evaporator (33) is properly used, and that not
so much frost is formed on the evaporator (33). If the defrosting operation is started only under the
condition where the predetermined time has elapsed from the start of the cooling mode, it is highly
likely that the defrosting operation is actually performed in the state in which not so much frost is
formed on the evaporator (33). Thus, in the sixth aspect of the 25invention, in the in-range state, the
defrosting operation is started under the condition where  the cooling capacity of the evaporator (33) is
reduced to some extent, in addition to the condition where the predetermined time has elapsed from
the start of the cooling mode. This prevents the defrosting operation from being uselessly performed. 5
ADVANTAGES OF THE INVENTION [0021] As described above, according to the present invention,
the operating speed of the compressor (30) is controlled such that the pressure of the compressed
refrigerant reaches the target value in the defrosting operation (defrosting mode). Thus, a heating
capacity can be quickly adjusted to a suitable heating capacity. As a result, a defrosting mode time can
be 10shortened, and a highly-reliable container refrigeration system (10) can be provided. [0022]
According to the second aspect of the invention, the amount of refrigerant circulating between the
compressor (30) and the evaporator (33) is adjusted depending on the superheating degree SH of
discharged refrigerant. Specifically, when the superheating degree SH is low, part of refrigerant
circulating between the compressor (30) and the 
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compressed refrigerant discharged to the condenser (31) is condensed into liquid refrigerant.  

This allows a large amount of refrigerant to be stored in the condenser (31) or the high-

pressure liquid pipe (25), and therefore it can be ensured that the refrigerant discharge 

operation is smoothly performed. 

[0024] According to the fifth aspect of the invention, when the outlet refrigerant 5 

temperature of the evaporator (33) reaches equal to or higher than the predetermined value in 

the defrosting mode, the target value for the pressure of the compressed refrigerant is changed 

to a higher value.  Thus, after frost adhered to the evaporator (33) is melted, frost adhered to, 

e.g., a fan and air path walls arranged around the evaporator (33) can be melted at once at a 

high temperature.  As a result, the defrosting mode time can be further shortened. 10 

[0025] According to the sixth aspect of the invention, in the state in which the difference 

between the temperature inside the container and the set temperature inside the container is 

small, the defrosting mode is started under the condition where the cooling capacity of the 

evaporator (33) is reduced to equal to or less than the predetermined value, in addition to the 

condition where the predetermined time has elapsed from the start of the cooling mode.  15 

This prevents the defrosting mode from being started even in the state in which no so much 

frost is actually formed on the evaporator (33).  Thus, since the useless defrosting mode can 

be prevented, the temperature inside the container can be more properly stabilized. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0026] [FIG. 1]  FIG. 1 is a piping diagram of a container refrigeration system of an 

embodiment. 

 [FIG. 2]  FIG. 2 is a piping diagram illustrating a refrigerant flow in a cooling 

mode of the embodiment. 

 [FIG. 3]  FIG. 3 is a piping diagram illustrating a refrigerant flow in a defrosting 25 

15 evaporator (33) is discharged to the high-pressure liquid pipe (25), thereby decreasing the
circulating refrigerant amount to increase the superheating degree SH. This prevents refrigerant from
being in a moist state in the compressor (30) (i.e., prevents liquid compression in the compressor
(30)). On the other hand, when the superheating degree SH is high, refrigerant of the high-pressure
liquid pipe (25) is supplied to make up for deficiency 20 of refrigerant circulating between the
compressor (30) and the evaporator (33), thereby increasing the circulating refrigerant amount to
decrease the superheating degree SH. This prevents an abnormal increase in outlet temperature of
the compressor (30), thereby protecting the compressor (30).      [0023] According to the fourth aspect
of the invention, in the refrigerant discharge 25operation, the outside-container fan (35) is operated.
Thus, it is encouraged that part of the  compressed refrigerant discharged to the condenser (31) is
condensed into liquid refrigerant. This allows a large amount of refrigerant to be stored in the
condenser (31) or the high-pressure liquid pipe (25), and therefore it can be ensured that the
refrigerant discharge operation is smoothly performed. 5[0024] According to the fifth aspect of the
invention, when the outlet refrigerant temperature of the evaporator (33) reaches equal to or higher
than the predetermined value in the defrosting mode, the target value for the pressure of the
compressed refrigerant is changed to a higher value. Thus, after frost adhered to the evaporator (33)
is melted, frost adhered to, e.g., a fan and air path walls arranged around the evaporator (33) can be
melted at once at a 10 high temperature. As a result, the defrosting mode time can be further
shortened. [0025] According to the sixth aspect of the invention, in the state in which the difference
between the temperature inside the container and the set temperature inside the container is small,
the defrosting mode is started under the condition where the cooling capacity of the evaporator (33) is
reduced to equal to or less than the predetermined value, in addition to the  15 condition where the
predetermined time has elapsed from the start of the cooling mode. This prevents the defrosting mode
from being started even in the state in which no so much frost is actually formed on the evaporator
(33). Thus, since the useless defrosting mode can be prevented, the temperature inside the container
can be more properly stabilized. 20 BRIEF DESCRIPTION OF THE DRAWINGS [0026][FIG. 1] FIG. 1
is a piping diagram of a container refrigeration system of an 
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mode of the embodiment. 

 [FIG. 4]  FIG. 4 is a flowchart illustrating a control operation by a compressor 

control section of the embodiment. 

 [FIG. 5]  FIG. 5 is a flowchart illustrating steps for changing a target temperature 

HP(T)s of a pressure equivalent saturation temperature HP(T) of the embodiment. 5 

 [FIG. 6]  FIG. 6 is a flowchart illustrating a determination operation by a 

refrigerant amount determination section of the embodiment. 

 [FIG. 7]  FIG. 7 is a piping diagram illustrating a refrigerant flow in a refrigerant 

release operation of a heating operation of the embodiment. 

 [FIG. 8]  FIG. 8 is a piping diagram illustrating a refrigerant flow in a refrigerant 10 

charge operation of the heating operation of the embodiment. 

 [FIG. 9]  FIG. 9 is a flowchart illustrating termination conditions for the defrosting 

mode of the embodiment. 

 [FIG. 10]  FIG. 10 is a flowchart illustrating starting conditions for a defrosting 

mode of a second variation of the embodiment. 15 

 [FIG. 11]  FIG. 11 is a flowchart illustrating a frost formation detection operation 

of the second variation of the embodiment. 

 

DESCRIPTION OF EMBODIMENTS 

[0027] An embodiment of the present invention will be described below in detail with 20 

reference to drawings.  Note that the following embodiment and variations will be set forth 

merely for purposes of preferred examples in nature, and are not intended to limit the scope, 

applications, and use of the invention. 

[0028] A container refrigeration system (10) of the present embodiment is configured to 

cool an inside of a container which is not shown in the figure.  The container refrigeration 25 

embodiment.         [FIG. 2] FIG. 2 is a piping diagram illustrating a refrigerant flow in a cooling mode of
the embodiment. 25[FIG. 3] FIG. 3 is a piping diagram illustrating a refrigerant flow in a defrosting
mode of the embodiment.         [FIG. 4] FIG. 4 is a flowchart illustrating a control operation by a
compressor control section of the embodiment. [FIG. 5] FIG. 5 is a flowchart illustrating steps for
changing a target temperature 5 HP(T)s of a pressure equivalent saturation temperature HP(T) of the
embodiment. [FIG. 6] FIG. 6 is a flowchart illustrating a determination operation by a refrigerant
amount determination section of the embodiment.         [FIG. 7] FIG. 7 is a piping diagram illustrating a
refrigerant flow in a refrigerant release operation of a heating operation of the embodiment. 10[FIG. 8]
FIG. 8 is a piping diagram illustrating a refrigerant flow in a refrigerant 
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system (10) also serves as a lid for closing a side opening of a container body. 

[0029] As illustrated in FIG. 1, the container refrigeration system (10) includes a 

refrigerant circuit (20) in which refrigerant circulates to perform a refrigeration cycle.  The 

refrigerant circuit (20) includes a main circuit (21), a hot gas bypass circuit (22), and a 

supercooling circuit (23). 5 

[0030] The main circuit (21) is configured such that a compressor (30), a condenser (31), a 

main expansion valve (32), and an evaporator (33) are connected together in series through 

refrigerant pipes. 

[0031] The compressor (30) includes a motor (not shown in the figure) configured to drive 

a compression mechanism.  The rotational speed of the motor of the compressor (30) is 10 

controlled at multiple levels by an inverter.  That is, the compressor (30) is configured such 

that the operating speed thereof is variable.  The condenser (31) and the evaporator (33) are 

fin-and-tube heat exchangers.  The condenser (31) is arranged outside the container.  An 

outside-container fan (condenser fan) (35) is provided near the condenser (31).  In the 

condenser (31), heat is exchanged between air outside the container and refrigerant.  The 15 

evaporator (33) is arranged inside the container.  An in-container fan (evaporator fan) (36) is 

provided near the evaporator (33).  In the evaporator (33), heat is exchanged between air 

inside the container and refrigerant.  A drain pan (37) is provided below the evaporator (33).  

The drain pan (37) is formed in a flat container shape opening at an upper end thereof.  Frost 

and ice blocks dropped from the evaporator (33), dew condensation water of air, etc. are 20 

collected into the drain pan (37).  The main expansion valve (32) is configured such that the 

opening degree thereof is adjustable to multiple levels by a pulse motor. 

[0032] An oil separator (40), a check valve (CV), and a pressure adjusting valve (38) are 

provided in this order in a high-pressure gas pipe (24) between the compressor (30) and the 

condenser (31).  An oil return pipe (40a) of the oil separator (40) is connected to the 25 

charge operation of the heating operation of the embodiment.         [FIG. 9] FIG. 9 is a flowchart
illustrating termination conditions for the defrosting mode of the embodiment.              [FIG. 10] FIG. 10
is a flowchart illustrating starting conditions for a defrosting 15 mode of a second variation of the
embodiment.         [FIG. 11] FIG. 11 is a flowchart illustrating a frost formation detection operation of
the second variation of the embodiment. DESCRIPTION OF EMBODIMENTS 20[0027] An
embodiment of the present invention will be described below in detail with reference to drawings. Note
that the following embodiment and variations will be set forth merely for purposes of preferred
examples in nature, and are not intended to limit the scope, applications, and use of the invention.
[0028] A container refrigeration system (10) of the present embodiment is configured to 25cool an
inside of a container which is not shown in the figure. The container refrigeration  system (10) also
serves as a lid for closing a side opening of a container body. [0029]As illustrated in FIG. 1, the
container refrigeration system (10) includes a   refrigerant circuit (20) in which refrigerant circulates to
perform a refrigeration cycle. The refrigerant circuit (20) includes a main circuit (21), a hot gas bypass
circuit (22), and a 



 11 

supercooling circuit (23).  A capillary tube (40b) is provided in the oil return pipe (40a).  

The check valve (CV) allows refrigerant to flow in a direction indicated by an arrow 

illustrated in FIG. 1, and prevents refrigerant from flowing in an opposite direction.  The 

pressure adjusting valve (38) is configured such that the opening degree thereof is adjustable 

to multiple levels by a pulse motor. 5 

[0033] A receiver (41), a cooling member (42), a drier (43), a second opening/closing valve 

(49), and a supercooling heat exchanger (44) are provided in this order in a high-pressure 

liquid pipe (25) between the condenser (31) and the main expansion valve (32).  A 

refrigerant flow path is formed in the cooling member (42), and an outer part of the cooling 

member (42) contacts a power element of an inverter circuit (not shown in the figure).  That 10 

is, the cooling member (42) is configured to cool the power element by refrigerant.  The 

second opening/closing valve (49) is an openable solenoid valve.  The drier (43) is 

configured to trap moisture in liquid refrigerant flowing out from the condenser (31). 

[0034] The supercooling heat exchanger (44) is configured to cool liquid refrigerant 

flowing out from the condenser (31).  The supercooling heat exchanger (44) includes a 15 

primary path (45) and a secondary path (46).  That is, in the supercooling heat exchanger 

(44), heat is exchanged between refrigerant flowing through the primary path (45) and 

refrigerant flowing through the secondary path (46).  The primary path (45) is connected to 

the high-pressure liquid pipe (25) of the main circuit (21), and the secondary path (46) is 

connected to a supercooling branch pipe (26) of the supercooling circuit (23).  An inlet end 20 

of the supercooling branch pipe (26) is connected to the high-pressure liquid pipe (25) 

between the cooling member (42) and the second opening/closing valve (49).  An outlet end 

of the supercooling branch pipe (26) is connected to a compression chamber (intermediate 

compression chamber) of the compressor (30) in the middle of compression (intermediate 

pressure state).  That is, the supercooling branch pipe (26) is a path in which part of liquid 25 

5supercooling circuit (23). [0030]The main circuit (21) is configured such that a compressor (30), a
condenser (31), a main expansion valve (32), and an evaporator (33) are connected together in series
through refrigerant pipes. [0031] The compressor (30) includes a motor (not shown in the figure)
configured to drive 10 a compression mechanism. The rotational speed of the motor of the compressor
(30) is controlled at multiple levels by an inverter. That is, the compressor (30) is configured such that
the operating speed thereof is variable. The condenser (31) and the evaporator (33) are fin-and-tube
heat exchangers. The condenser (31) is arranged outside the container. An outside-container fan
(condenser fan) (35) is provided near the condenser (31). In the  15 condenser (31), heat is
exchanged between air outside the container and refrigerant. The evaporator (33) is arranged inside
the container. An in-container fan (evaporator fan) (36) is provided near the evaporator (33). In the
evaporator (33), heat is exchanged between air inside the container and refrigerant. A drain pan (37) is
provided below the evaporator (33). The drain pan (37) is formed in a flat container shape opening at
an upper end thereof. Frost 20 and ice blocks dropped from the evaporator (33), dew condensation
water of air, etc. are collected into the drain pan (37). The main expansion valve (32) is configured
such that the opening degree thereof is adjustable to multiple levels by a pulse motor.   [0032] An oil
separator (40), a check valve (CV), and a pressure adjusting valve (38) are provided in this order in a
high-pressure gas pipe (24) between the compressor (30) and the 25condenser (31). An oil return pipe
(40a) of the oil separator (40) is connected to the supercooling circuit (23). A capillary tube (40b) is
provided in the oil return pipe (40a). The check valve (CV) allows refrigerant to flow in a direction
indicated by an arrow illustrated in FIG. 1, and prevents refrigerant from flowing in an opposite
direction. The pressure adjusting valve (38) is configured such that the opening degree thereof is
adjustable 5to multiple levels by a pulse motor. [0033] A receiver (41), a cooling member (42), a drier
(43), a second opening/closing valve (49), and a supercooling heat exchanger (44) are provided in this
order in a high-pressure liquid pipe (25) between the condenser (31) and the main expansion valve
(32). A refrigerant flow path is formed in the cooling member (42), and an outer part of the cooling 
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refrigerant of the high-pressure liquid pipe (25) is branched and flows into the intermediate 

compression chamber of the compressor (30).  A first opening/closing valve (47) and a 

supercooling expansion valve (48) are provided in the supercooling branch pipe (26) on an 

inlet side of the secondary path (46).  The first opening/closing valve (47) is an openable 

solenoid valve.  The supercooling expansion valve (48) is configured such that the opening 5 

degree thereof is adjustable to multiple levels by a pulse motor, and serves as a pressure 

reduction mechanism configured to reduce the pressure of refrigerant. 

[0035] The hot gas bypass circuit (22) includes a single main path (50) and two branch 

paths (51, 52) (the first branch path (51) and the second branch path (52)) branched from the 

main path (50).  An inlet end of the main path (50) is connected to the high-pressure gas pipe 10 

(24) between the check valve (CV) and the pressure adjusting valve (38).  A third 

opening/closing valve (53) is provided in the main path (50).  The third opening/closing 

valve (53) is an openable solenoid valve. 

[0036] One end of the first branch path (51) is connected to an outlet end of the main path 

(50), and the other end of the first branch path (51) is connected to a low-pressure liquid pipe 15 

(27) between the main expansion valve (32) and the evaporator (33).  Similarly, one end of 

the second branch path (52) is connected to the outlet end of the main path (50), and the other 

end of the second branch path (52) is connected to the low-pressure liquid pipe (27).  The 

second branch path (52) is a refrigerant pipe longer than the first branch path (51).  In 

addition, the second branch path (52) includes a drain pan heater (54) arranged so as to extend 20 

in a serpentine shape along a bottom part of the drain pan (37).  The drain pan heater (54) is 

configured to heat an inside of the drain pan (37) by refrigerant.  As in the foregoing, the hot 

gas bypass circuit (22) is a bypass circuit configured to supply refrigerant compressed in the 

compressor (30) (high-temperature high-pressure gas refrigerant discharged from the 

compressor (30)) to the evaporator (33). 25 

10 member (42) contacts a power element of an inverter circuit (not shown in the figure). That is, the
cooling member (42) is configured to cool the power element by refrigerant. The second
opening/closing valve (49) is an openable solenoid valve. The drier (43) is configured to trap moisture
in liquid refrigerant flowing out from the condenser (31). [0034] The supercooling heat exchanger (44)
is configured to cool liquid refrigerant  15 flowing out from the condenser (31). The supercooling heat
exchanger (44) includes a primary path (45) and a secondary path (46). That is, in the supercooling
heat exchanger (44), heat is exchanged between refrigerant flowing through the primary path (45) and
refrigerant flowing through the secondary path (46). The primary path (45) is connected to the
high-pressure liquid pipe (25) of the main circuit (21), and the secondary path (46) is  20 connected to
a supercooling branch pipe (26) of the supercooling circuit (23). An inlet end of the supercooling
branch pipe (26) is connected to the high-pressure liquid pipe (25) between the cooling member (42)
and the second opening/closing valve (49). An outlet end of the supercooling branch pipe (26) is
connected to a compression chamber (intermediate compression chamber) of the compressor (30) in
the middle of compression (intermediate 25pressure state). That is, the supercooling branch pipe (26)
is a path in which part of liquid  refrigerant of the high-pressure liquid pipe (25) is branched and flows
into the intermediate compression chamber of the compressor (30). A first opening/closing valve (47)
and a supercooling expansion valve (48) are provided in the supercooling branch pipe (26) on an inlet
side of the secondary path (46). The first opening/closing valve (47) is an openable  5 solenoid valve.
The supercooling expansion valve (48) is configured such that the opening degree thereof is
adjustable to multiple levels by a pulse motor, and serves as a pressure reduction mechanism
configured to reduce the pressure of refrigerant. [0035] The hot gas bypass circuit (22) includes a
single main path (50) and two branch paths (51, 52) (the first branch path (51) and the second branch
path (52)) branched from the  10 main path (50). An inlet end of the main path (50) is connected to the
high-pressure gas pipe (24) between the check valve (CV) and the pressure adjusting valve (38). A
third opening/closing valve (53) is provided in the main path (50). The third opening/closing valve (53)
is an openable solenoid valve. [0036] One end of the first branch path (51) is connected to an outlet
end of the main path 
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[0037] Various sensors etc. are provided in the refrigerant circuit (20).  Specifically, a 

high pressure sensor (60), a high pressure switch (61), and an outlet temperature sensor (62) 

are provided in the high-pressure gas pipe (24).  The high pressure sensor (60) is configured 

to detect the pressure of high-pressure gas refrigerant discharged from the compressor (30).  

The outlet temperature sensor (62) is configured to detect the temperature of high-pressure 5 

gas refrigerant discharged from the compressor (30).  A low pressure sensor (63) and an inlet 

temperature sensor (64) are provided in a low pressure gas pipe (28) between the evaporator 

(33) and the compressor (30).  The low pressure sensor (63) is configured to detect the 

pressure of low-pressure gas refrigerant flowing into the compressor (30).  The inlet 

temperature sensor (64) is configured to detect the temperature of low-pressure gas refrigerant 10 

flowing into the compressor (30). 

[0038] An inlet temperature sensor (65) is provided in the supercooling branch pipe (26) on 

an inlet side of the secondary path (46), and an outlet temperature sensor (66) is provided in 

the supercooling branch pipe (26) on an outlet side of the secondary path (46).  The inlet 

temperature sensor (65) is configured to detect the temperature of refrigerant right before the 15 

refrigerant flows into the secondary path (46).  The outflet temperature sensor (66) is 

configured to detect the temperature of refrigerant right after the refrigerant flows out from 

the secondary path (46). 

[0039] An inlet temperature sensor (67) is provided in the low-pressure liquid pipe (27) on 

an inlet side of the evaporator (33).  The inlet temperature sensor (67) is configured to detect 20 

the temperature of refrigerant right before the refrigerant flows into the evaporator (33).  An 

outlet temperature sensor (68) is provided in the low pressure gas pipe (28) on an outlet side 

of the evaporator (33).  The outlet temperature sensor (68) is configured to detect the 

temperature of refrigerant right after the refrigerant flows out from the evaporator (33). 

[0040] An outdoor air temperature sensor (69) is provided on an inlet side of the condenser 25 

15 (50), and the other end of the first branch path (51) is connected to a low-pressure liquid pipe (27)
between the main expansion valve (32) and the evaporator (33). Similarly, one end of the second
branch path (52) is connected to the outlet end of the main path (50), and the other end of the second
branch path (52) is connected to the low-pressure liquid pipe (27). The second branch path (52) is a
refrigerant pipe longer than the first branch path (51). In  20 addition, the second branch path (52)
includes a drain pan heater (54) arranged so as to extend in a serpentine shape along a bottom part of
the drain pan (37). The drain pan heater (54) is configured to heat an inside of the drain pan (37) by
refrigerant. As in the foregoing, the hot gas bypass circuit (22) is a bypass circuit configured to supply
refrigerant compressed in the compressor (30) (high-temperature high-pressure gas refrigerant
discharged from the 25compressor (30)) to the evaporator (33).  [0037]Various sensors etc. are
provided in the refrigerant circuit (20). Specifically, a high pressure sensor (60), a high pressure switch
(61), and an outlet temperature sensor (62) are provided in the high-pressure gas pipe (24). The high
pressure sensor (60) is configured to detect the pressure of high-pressure gas refrigerant discharged
from the compressor (30).  5 The outlet temperature sensor (62) is configured to detect the
temperature of high-pressure gas refrigerant discharged from the compressor (30). A low pressure
sensor (63) and an inlet temperature sensor (64) are provided in a low pressure gas pipe (28) between
the evaporator (33) and the compressor (30). The low pressure sensor (63) is configured to detect the
pressure of low-pressure gas refrigerant flowing into the compressor (30). The inlet 10temperature
sensor (64) is configured to detect the temperature of low-pressure gas refrigerant flowing into the
compressor (30). [0038] An inlet temperature sensor (65) is provided in the supercooling branch pipe
(26) on 
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(31) outside the container.  The outdoor air temperature sensor (69) is configured to detect 

the temperature of air outside the container (i.e., an outdoor air temperature) right before the 

air outside the container flows into the condenser (31).  An inlet temperature sensor (70) is 

provided on the inlet side of the evaporator (33) inside the container, and an outlet 

temperature sensor (71) is provided on the outlet side of the evaporator (33) inside the 5 

container.  The inlet temperature sensor (70) is configured to detect the temperature of air 

inside the container right before the air inside the container passes through the evaporator 

(33).  The outlet temperature sensor (71) is configured to detect the temperature of air inside 

the container right after the air inside the container passes through the evaporator (33). 

[0041] A controller (80) which is a control section configured to control the refrigerant 10 

circuit (20) is provided in the container refrigeration system (10).  The controller (80) 

includes a compressor control section (81) configured to control the operating speed of the 

compressor (30), a valve control section (82) configured to control the valves (32, 38, 47, 48, 

49, 53), a fan control section (83) configured to control the fans (35, 36), and a refrigerant 

amount determination section (84) configured to determine a refrigerant amount in a 15 

defrosting mode which will be described later.  Note that the valve control section (82) 

serves as a refrigerant amount control section of the present invention. 

[0042] Modes 

 Next, modes of the container refrigeration system (10) will be described.  The 

modes of the container refrigeration system fall into two broad categories: a “cooling mode 20 

(cooling operation)” and the “defrosting mode (defrosting operation).”  The cooling mode is 

the mode in which the inside of the container is cooled to a relatively-low temperature.  That 

is, the cooling mode is the mode in which the inside of the container is refrigerated/frozen to 

store transport objects (e.g., fresh food) held in the container body.  The defrosting mode is 

the mode in which frost adhered to, e.g., a surface of a heat transfer pipe of the evaporator is 25 

an inlet side of the secondary path (46), and an outlet temperature sensor (66) is provided in the
supercooling branch pipe (26) on an outlet side of the secondary path (46). The inlet  15 temperature
sensor (65) is configured to detect the temperature of refrigerant right before the refrigerant flows into
the secondary path (46). The outflet temperature sensor (66) is configured to detect the temperature of
refrigerant right after the refrigerant flows out from the secondary path (46). [0039] An inlet
temperature sensor (67) is provided in the low-pressure liquid pipe (27) on  20 an inlet side of the
evaporator (33). The inlet temperature sensor (67) is configured to detect the temperature of
refrigerant right before the refrigerant flows into the evaporator (33). An outlet temperature sensor (68)
is provided in the low pressure gas pipe (28) on an outlet side of the evaporator (33). The outlet
temperature sensor (68) is configured to detect the temperature of refrigerant right after the refrigerant
flows out from the evaporator (33). 25[0040] An outdoor air temperature sensor (69) is provided on an
inlet side of the condenser  (31) outside the container. The outdoor air temperature sensor (69) is
configured to detect the temperature of air outside the container (i.e., an outdoor air temperature) right
before the air outside the container flows into the condenser (31). An inlet temperature sensor (70) is
provided on the inlet side of the evaporator (33) inside the container, and an outlet  5 temperature
sensor (71) is provided on the outlet side of the evaporator (33) inside the container. The inlet
temperature sensor (70) is configured to detect the temperature of air inside the container right before
the air inside the container passes through the evaporator (33). The outlet temperature sensor (71) is
configured to detect the temperature of air inside the container right after the air inside the container
passes through the evaporator (33).  10 [0041] A controller (80) which is a control section configured
to control the refrigerant circuit (20) is provided in the container refrigeration system (10). The
controller (80) includes a compressor control section (81) configured to control the operating speed of
the compressor (30), a valve control section (82) configured to control the valves (32, 38, 47, 48, 49,
53), a fan control section (83) configured to control the fans (35, 36), and a refrigerant  15 amount
determination section (84) configured to determine a refrigerant amount in a defrosting mode which
will be described later. Note that the valve control section (82) serves as a refrigerant amount control
section of the present invention. [0042] Modes 
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melted.  The defrosting mode is performed every time a predetermined set time has elapsed 

from, e.g., a start of the cooling mode (every time a defrosting timer counts up), and the 

cooling mode is resumed after termination of the defrosting mode. 

[0043] <Cooling Mode> 

 In the cooling mode illustrated in FIG. 2, the first opening/closing valve (47) and 5 

the second opening/closing valve (49) are in an open state, and the third opening/closing 

valve (53) is in a closed state.  The pressure adjusting valve (38) is in a fully-open state, and 

the degrees of opening of the supercooling expansion valve (48) and the main expansion 

valve (32) are adjusted as necessary.  In addition, the compressor (30), the outside-container 

fan (35), and the in-container fan (36) are in operation. 10 

[0044] Refrigerant compressed in the compressor (30) is condensed (dissipates heat) in the 

condenser (31), and then passes through the receiver (41).  After passing through the 

receiver (41), part of the refrigerant flows through the low-pressure liquid pipe (27), and the 

remaining part of the refrigerant flows into the supercooling branch pipe (26).  The pressure 

of the refrigerant flowing through the low-pressure liquid pipe (27) is reduced by the main 15 

expansion valve (32), and then such refrigerant flows through the evaporator (33).  In the 

evaporator (33), the refrigerant is evaporated by absorbing heat from air inside the container.  

In such a manner, the air inside the container is cooled.  The refrigerant evaporated in the 

evaporator (33) flows into the compressor (30) and is re-compressed therein. 

[0045] The pressure of the refrigerant flowing into the supercooling branch pipe (26) is 20 

reduced to an intermediate pressure by passing through the supercooling expansion valve 

(48), and then such refrigerant flows through the secondary path (46) of the supercooling heat 

exchanger (44).  In the supercooling heat exchanger (44), heat is exchanged between 

refrigerant flowing through the primary path (45) and refrigerant flowing through the 

secondary path (46).  As a result, the refrigerant of the primary path (45) is supercooled, and 25 

Next, modes of the container refrigeration system (10) will be described. The 20 modes of the
container refrigeration system fall into two broad categories: a "cooling mode (cooling operation)" and
the "defrosting mode (defrosting operation)." The cooling mode is the mode in which the inside of the
container is cooled to a relatively-low temperature. That is, the cooling mode is the mode in which the
inside of the container is refrigerated/frozen to store transport objects (e.g., fresh food) held in the
container body. The defrosting mode is 25the mode in which frost adhered to, e.g., a surface of a heat
transfer pipe of the evaporator is  melted. The defrosting mode is performed every time a
predetermined set time has elapsed from, e.g., a start of the cooling mode (every time a defrosting
timer counts up), and the cooling mode is resumed after termination of the defrosting mode. [0043]
<Cooling Mode> 5In the cooling mode illustrated in FIG. 2, the first opening/closing valve (47) and the
second opening/closing valve (49) are in an open state, and the third opening/closing valve (53) is in a
closed state. The pressure adjusting valve (38) is in a fully-open state, and the degrees of opening of
the supercooling expansion valve (48) and the main expansion valve (32) are adjusted as necessary.
In addition, the compressor (30), the outside-container 10fan (35), and the in-container fan (36) are in
operation. [0044] Refrigerant compressed in the compressor (30) is condensed (dissipates heat) in the
condenser (31), and then passes through the receiver (41). After passing through the receiver (41),
part of the refrigerant flows through the low-pressure liquid pipe (27), and the remaining part of the
refrigerant flows into the supercooling branch pipe (26). The pressure  15 of the refrigerant flowing
through the low-pressure liquid pipe (27) is reduced by the main expansion valve (32), and then such
refrigerant flows through the evaporator (33). In the evaporator (33), the refrigerant is evaporated by
absorbing heat from air inside the container. In such a manner, the air inside the container is cooled.
The refrigerant evaporated in the evaporator (33) flows into the compressor (30) and is re-compressed
therein. 20[0045] The pressure of the refrigerant flowing into the supercooling branch pipe (26) is 
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the refrigerant of the secondary path (46) is evaporated.  The refrigerant flowing out from 

the secondary path (46) flows into the compression chamber of the compressor (30) in an 

intermediate pressure state through an intermediate port of the compressor (30). 

[0046] In the cooling mode, the operating speed (operating frequency) of the compressor 

(30) is controlled by the compressor control section (81).  Specifically, the operating speed 5 

of the compressor (30) is controlled such that an outlet air temperature SS approaches a target 

temperature SP.  In addition, in the cooling mode, the rotational speed of the outside-

container fan (35) is controlled by the fan control section (83).  Specifically, the rotational 

speed of a motor of the outside-container fan (35) is controlled such that a pressure HP of 

high-pressure refrigerant detected by the high pressure sensor (60) is maintained constant.  10 

Further, the fan control section (83) controls the rotational speed of the in-container fan (36) 

at multiple levels depending on a cooling load inside the container. 

[0047] In the cooling mode, a so-called “superheating degree control” in association with 

the degree of opening of the main expansion valve (32) is performed by the valve control 

section (82).  Specifically, the degree of opening of the main expansion valve (32) is 15 

controlled such that the superheating degree of low-pressure refrigerant flowing into the 

compressor (30) approaches a predetermined set value.  In addition, in the cooling mode, the 

superheating degree control in association with the degree of opening of the supercooling 

expansion valve (48) is also performed by the valve control section (82).  Specifically, the 

degree of opening of the supercooling expansion valve (48) is controlled such that the 20 

superheating degree of intermediate-pressure refrigerant flowing out from the secondary path 

(46) of the supercooling heat exchanger (44) approaches a predetermined set value. 

[0048] <Defrosting Mode> 

 When the foregoing cooling mode is continuously performed, frost is adhered to, 

e.g., the surface of the heat transfer pipe of the evaporator (33), and is gradually deposited in 25 

reduced to an intermediate pressure by passing through the supercooling expansion valve (48), and
then such refrigerant flows through the secondary path (46) of the supercooling heat exchanger (44).
In the supercooling heat exchanger (44), heat is exchanged between refrigerant flowing through the
primary path (45) and refrigerant flowing through the 25secondary path (46). As a result, the
refrigerant of the primary path (45) is supercooled, and  the refrigerant of the secondary path (46) is
evaporated. The refrigerant flowing out from the secondary path (46) flows into the compression
chamber of the compressor (30) in an intermediate pressure state through an intermediate port of the
compressor (30). [0046] In the cooling mode, the operating speed (operating frequency) of the
compressor  5 (30) is controlled by the compressor control section (81). Specifically, the operating
speed of the compressor (30) is controlled such that an outlet air temperature SS approaches a target
temperature SP. In addition, in the cooling mode, the rotational speed of the outside-container fan (35)
is controlled by the fan control section (83). Specifically, the rotational speed of a motor of the
outside-container fan (35) is controlled such that a pressure HP of  10 high-pressure refrigerant
detected by the high pressure sensor (60) is maintained constant. Further, the fan control section (83)
controls the rotational speed of the in-container fan (36) at multiple levels depending on a cooling load
inside the container. [0047] In the cooling mode, a so-called "superheating degree control" in
association with the degree of opening of the main expansion valve (32) is performed by the valve
control  15 section (82). Specifically, the degree of opening of the main expansion valve (32) is
controlled such that the superheating degree of low-pressure refrigerant flowing into the compressor
(30) approaches a predetermined set value. In addition, in the cooling mode, the superheating degree
control in association with the degree of opening of the supercooling expansion valve (48) is also
performed by the valve control section (82). Specifically, the  20 degree of opening of the supercooling
expansion valve (48) is controlled such that the superheating degree of intermediate-pressure
refrigerant flowing out from the secondary path (46) of the supercooling heat exchanger (44)
approaches a predetermined set value. [0048] <Defrosting Mode> 
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larger quantities.  Thus, in the container refrigeration system (10), the defrosting mode for 

defrosting the evaporator (33) is performed every time the predetermined time has elapsed 

from the start of the cooling mode (every time the defrosting timer counts up). 

[0049] The defrosting mode illustrated in FIG. 3 is the mode in which high-temperature 

high-pressure gas refrigerant compressed in the compressor (30) is supplied to the evaporator 5 

(33) by bypassing the condenser (31), the receiver (41), the supercooling heat exchanger (44), 

and the main expansion valve (32). 

[0050] In the defrosting mode, the second opening/closing valve (49) is in the closed state, 

and the third opening/closing valve (53) is in the open state.  The main expansion valve (32) 

is in a fully-closed state (zero pulse).  The first opening/closing valve (47), the pressure 10 

adjusting valve (38), and the supercooling expansion valve (48) are, as a general rule, in the 

fully-closed state (zero pulse).  While the compressor (30) is in operation, the outside-

container fan (35) and the in-container fan (36) are stopped as a general rule. 

[0051] Refrigerant compressed in the compressor (30) is supplied to the evaporator (33) 

through the hot gas bypass circuit (22).  Specifically, high-pressure gas refrigerant flows 15 

through the main path (50), and then is branched into the first branch path (51) and the second 

branch path (52).  The refrigerant flowing into the second branch path (52) passes through 

the drain pan heater (54).  For example, ice blocks dropped from a surface of the evaporator 

(33) are collected into the drain pan (37).  The ice blocks etc. are heated and melted by the 

refrigerant flowing through the drain pan heater (54).  The melted water is discharged to 20 

outside the container through a predetermined flow path. 

[0052] The refrigerant flowing out from the drain pan heater (54) joins the refrigerant 

flowing out from the first branch path (51), and then flows through the evaporator (33).  In 

the evaporator (33), high-pressure gas refrigerant (so-called “hot gas”) circulates through the 

heat transfer pipe of the evaporator (33).  Thus, frost adhered to the periphery of the heat 25 

When the foregoing cooling mode is continuously performed, frost is adhered to, 25e.g., the surface of
the heat transfer pipe of the evaporator (33), and is gradually deposited in larger quantities. Thus, in
the container refrigeration system (10), the defrosting mode for defrosting the evaporator (33) is
performed every time the predetermined time has elapsed from the start of the cooling mode (every
time the defrosting timer counts up). [0049] The defrosting mode illustrated in FIG. 3 is the mode in
which high-temperature  5 high-pressure gas refrigerant compressed in the compressor (30) is
supplied to the evaporator (33) by bypassing the condenser (31), the receiver (41), the supercooling
heat exchanger (44), and the main expansion valve (32). [0050]In the defrosting mode, the second
opening/closing valve (49) is in the closed state, and the third opening/closing valve (53) is in the open
state. The main expansion valve (32)  10 is in a fully-closed state (zero pulse). The first
opening/closing valve (47), the pressure adjusting valve (38), and the supercooling expansion valve
(48) are, as a general rule, in the fully-closed state (zero pulse). While the compressor (30) is in
operation, the outside-container fan (35) and the in-container fan (36) are stopped as a general rule.
[0051] Refrigerant compressed in the compressor (30) is supplied to the evaporator (33)  15 through
the hot gas bypass circuit (22). Specifically, high-pressure gas refrigerant flows through the main path
(50), and then is branched into the first branch path (51) and the second branch path (52). The
refrigerant flowing into the second branch path (52) passes through the drain pan heater (54). For
example, ice blocks dropped from a surface of the evaporator (33) are collected into the drain pan
(37). The ice blocks etc. are heated and melted by the 20 refrigerant flowing through the drain pan
heater (54). The melted water is discharged to outside the container through a predetermined flow
path. [0052] The refrigerant flowing out from the drain pan heater (54) joins the refrigerant 
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transfer pipe of the evaporator (33) is gradually heated from an inside of the heat transfer pipe 

by the refrigerant.  As a result, the frost adhered to the evaporator (33) is gradually melted 

and is dropped from the heat transfer pipe.  Then, the frost (ice blocks) dropped from the 

heat transfer pipe is collected into the drain pan (37).  The refrigerant used for defrosting of 

the evaporator (33) flows into the compressor (30) and is compressed therein. 5 

[0053] In the foregoing defrosting mode, the following controls are performed by the 

control sections (81, 82, 83, 84). 

[0054] As illustrated in FIG. 4, the operating speed (operating frequency) of the 

compressor (30) is controlled by the compressor control section (81).  Specifically, the 

compressor control section (81) controls the operating speed of the compressor (30) such that 10 

the pressure detected by the high pressure sensor (60) reaches a predetermined value, i.e., a 

pressure equivalent saturation temperature HP(T) of high-pressure refrigerant reaches the 

predetermined value.  More specifically, the compressor control section (81) increases a 

current operating speed N of the compressor (30) by a predetermined amount ΔN when 

conditions of a first determination illustrated in FIG. 4 are satisfied.  In the first 15 

determination, “HP(T)s” represents a target temperature of the pressure equivalent saturation 

temperature HP(T).  In the present embodiment, if the pressure equivalent saturation 

temperature HP(T) is lower than the target temperature HP(T)s by a predetermined value 

(2°C), such a state is, considering errors, regarded as a lack of the defrosting capacity (heating 

capacity).  Thus, the operating speed of the compressor (30) is increased.  This increases 20 

the defrosting capacity.  In the present embodiment, even if the pressure equivalent 

saturation temperature HP(T) is not lower than the target temperature HP(T)s by the 

predetermined value as described above, the operating speed of the compressor (30) is 

increased when a difference between high and low pressures (high pressure HP  low 

pressure LP) reaches equal to or less than a predetermined value (200 kPa).  This increases 25 

flowing out from the first branch path (51), and then flows through the evaporator (33). In the
evaporator (33), high-pressure gas refrigerant (so-called "hot gas") circulates through the 25heat
transfer pipe of the evaporator (33). Thus, frost adhered to the periphery of the heat  transfer pipe of
the evaporator (33) is gradually heated from an inside of the heat transfer pipe by the refrigerant. As a
result, the frost adhered to the evaporator (33) is gradually melted and is dropped from the heat
transfer pipe. Then, the frost (ice blocks) dropped from the heat transfer pipe is collected into the drain
pan (37). The refrigerant used for defrosting of 5the evaporator (33) flows into the compressor (30)
and is compressed therein. [0053] In the foregoing defrosting mode, the following controls are
performed by the control sections (81, 82, 83, 84). [0054] As illustrated in FIG. 4, the operating speed
(operating frequency) of the compressor (30) is controlled by the compressor control section (81).
Specifically, the  10 compressor control section (81) controls the operating speed of the compressor
(30) such that the pressure detected by the high pressure sensor (60) reaches a predetermined value,
i.e., a pressure equivalent saturation temperature HP(T) of high-pressure refrigerant reaches the
predetermined value. More specifically, the compressor control section (81) increases a current
operating speed N of the compressor (30) by a predetermined amount AN when  15 conditions of a
first determination illustrated in FIG. 4 are satisfied. In the first determination, "HP(T)s" represents a
target temperature of the pressure equivalent saturation temperature HP(T). In the present
embodiment, if the pressure equivalent saturation temperature HP(T) is lower than the target
temperature HP(T)s by a predetermined value (2C), such a state is, considering errors, regarded as a
lack of the defrosting capacity (heating  20 capacity). Thus, the operating speed of the compressor
(30) is increased. This increases the defrosting capacity. In the present embodiment, even if the
pressure equivalent saturation temperature HP(T) is not lower than the target temperature HP(T)s by
the predetermined value as described above, the operating speed of the compressor (30) is increased
when a difference between high and low pressures (high pressure HP - low 
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the difference between high and low pressures in the compressor (30).  Thus, damage of the 

compressor (30) due to too small difference between high and low pressures can be prevented 

in advance.  The high pressure HP is the pressure of high-pressure refrigerant detected by the 

high pressure sensor (60), and the low pressure LP is the pressure of low-pressure refrigerant 

detected by the low pressure sensor (63).  If the conditions of the first determination are still 5 

satisfied, the operating speed N of the compressor (30) is further increased by the 

predetermined amount ΔN as in the foregoing.  Note that, in the present embodiment, the 

target temperature HP(T)s is set to 50°C.  The temperature of 50°C is a suitable heating 

temperature at which frost on the heat transfer pipe is not dropped at once by rapid heating.  

If conditions of a second determination illustrated in FIG. 4 are satisfied, the compressor 10 

control section (81) decreases the current operating speed N of the compressor (30) by the 

predetermined amount ΔN.  Specifically, when the pressure equivalent saturation 

temperature HP(T) is higher than the target temperature HP(T)s by a predetermined value 

(2°C), such a state is regarded as excess of the defrosting capacity (heating capacity), and the 

operating speed of the compressor (30) is decreased.  This reduces the defrosting capacity.  15 

It is also a condition of the second determination that the difference between high and low 

pressures (high pressure HP  low pressure LP) is equal to or greater than a predetermined 

value (250 kPa).  This is because, if the operating speed of the compressor (30) is decreased 

when the difference between high and low pressures in the compressor (30) is small, the 

difference between high and low pressures is further decreased, resulting in the damage of the 20 

compressor (30).  If the conditions of the second determination are still satisfied, the 

operating speed N of the compressor (30) is further decreased by the predetermined amount 

ΔN as in the foregoing.  As described above, the operating speed of the compressor (30) is 

controlled such that the pressure equivalent saturation temperature HP(T) is maintained 

constant (within a predetermined range), thereby properly and quickly adjusting the defrosting 25 

25pressure LP) reaches equal to or less than a predetermined value (200 kPa). This increases  the
difference between high and low pressures in the compressor (30). Thus, damage of the compressor
(30) due to too small difference between high and low pressures can be prevented in advance. The
high pressure HP is the pressure of high-pressure refrigerant detected by the high pressure sensor
(60), and the low pressure LP is the pressure of low-pressure refrigerant  5 detected by the low
pressure sensor (63). If the conditions of the first determination are still satisfied, the operating speed
N of the compressor (30) is further increased by the predetermined amount AN as in the foregoing.
Note that, in the present embodiment, the target temperature HP(T)s is set to 50C. The temperature of
50C is a suitable heating temperature at which frost on the heat transfer pipe is not dropped at once by
rapid heating.  10 If conditions of a second determination illustrated in FIG. 4 are satisfied, the
compressor control section (81) decreases the current operating speed N of the compressor (30) by
the predetermined amount AN. Specifically, when the pressure equivalent saturation temperature
HP(T) is higher than the target temperature HP(T)s by a predetermined value (2C), such a state is
regarded as excess of the defrosting capacity (heating capacity), and the  15 operating speed of the
compressor (30) is decreased. This reduces the defrosting capacity. It is also a condition of the second
determination that the difference between high and low pressures (high pressure HP - low pressure
LP) is equal to or greater than a predetermined value (250 kPa). This is because, if the operating
speed of the compressor (30) is decreased when the difference between high and low pressures in the
compressor (30) is small, the  20 difference between high and low pressures is further decreased,
resulting in the damage of the compressor (30). If the conditions of the second determination are still
satisfied, the operating speed N of the compressor (30) is further decreased by the predetermined
amount AN as in the foregoing. As described above, the operating speed of the compressor (30) is
controlled such that the pressure equivalent saturation temperature HP(T) is maintained 25constant
(within a predetermined range), thereby properly and quickly adjusting the defrosting  capacity. [0055]
As illustrated in FIG. 5, in the present embodiment, when the temperature (i.e., an evaporator outlet
refrigerant temperature EOS) of refrigerant detected by the outlet 
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capacity. 

[0055] As illustrated in FIG. 5, in the present embodiment, when the temperature (i.e., an 

evaporator outlet refrigerant temperature EOS) of refrigerant detected by the outlet 

temperature sensor (68) in the defrosting mode reaches equal to or higher than a 

predetermined value (5°C), the target temperature HP(T)s is changed to a higher value.  In 5 

the present embodiment, the target temperature HP(T)s is changed from 50°C to 65°C.  This 

is because, when the evaporator outlet refrigerant temperature EOS reaches equal to or higher 

than the predetermined value, such a state is regarded as melting most of frost adhered to the 

evaporator (33), and then frost adhered to, e.g., the in-container fan (36) and air path walls 

(not shown in the figure) arranged around the evaporator (33) is melted at once at a high 10 

temperature.  That is, when there is no longer concern over the state in which frost is 

dropped from the evaporator (33) by rapidly heating the frost at a high temperature, frost on 

the components around the evaporator (33) is melted for a short period of time. 

[0056] The refrigerant amount determination section (84) determines excess or deficiency 

of a refrigerant amount in a refrigerant circulation cycle of the defrosting mode.  Depending 15 

on the excess or deficiency of the refrigerant amount, the valve control section (82) controls 

the first opening/closing valve (47), the pressure adjusting valve (38), and the supercooling 

expansion valve (48), and the fan control section (83) controls the outside-container fan (35). 

[0057] Specifically, as illustrated in FIG. 6, a determination operation by the refrigerant 

amount determination section (84) is performed.  In a normal operation (i.e., the defrosting 20 

mode illustrated in FIG. 3), when the refrigerant amount determination section (84) 

determines based on conditions of a first determination illustrated in FIG. 6 that the 

refrigerant amount is excessive, a refrigerant release operation (refrigerant discharge 

operation) illustrated in FIG. 7 is performed.  In the refrigerant release operation, the 

pressure adjusting valve (38) is switched to the open state by the valve control section (82), 25 

temperature sensor (68) in the defrosting mode reaches equal to or higher than a  5 predetermined
value (5C), the target temperature HP(T)s is changed to a higher value. In the present embodiment,
the target temperature HP(T)s is changed from 50C to 65C. This is because, when the evaporator
outlet refrigerant temperature EOS reaches equal to or higher than the predetermined value, such a
state is regarded as melting most of frost adhered to the evaporator (33), and then frost adhered to,
e.g., the in-container fan (36) and air path walls  10 (not shown in the figure) arranged around the
evaporator (33) is melted at once at a high temperature. That is, when there is no longer concern over
the state in which frost is dropped from the evaporator (33) by rapidly heating the frost at a high
temperature, frost on the components around the evaporator (33) is melted for a short period of time.
[0056] The refrigerant amount determination section (84) determines excess or deficiency  15 of a
refrigerant amount in a refrigerant circulation cycle of the defrosting mode. Depending on the excess
or deficiency of the refrigerant amount, the valve control section (82) controls the first opening/closing
valve (47), the pressure adjusting valve (38), and the supercooling expansion valve (48), and the fan
control section (83) controls the outside-container fan (35). [0057] Specifically, as illustrated in FIG. 6,
a determination operation by the refrigerant  20 amount determination section (84) is performed. In a
normal operation (i.e., the defrosting mode illustrated in FIG. 3), when the refrigerant amount
determination section (84) determines based on conditions of a first determination illustrated in FIG. 6
that the refrigerant amount is excessive, a refrigerant release operation (refrigerant discharge
operation) illustrated in FIG. 7 is performed. In the refrigerant release operation, the 25pressure
adjusting valve (38) is switched to the open state by the valve control section (82),  and the
outside-container fan (35) is operated at a low speed by the fan control section (83). In the refrigerant
release operation, part of high-pressure refrigerant discharged from the compressor (30) is condensed
in the condenser (31), and is stored in the receiver (41). Thus, part of refrigerant in the refrigerant
circulation cycle of the defrosting mode is released to the  5 high-pressure liquid pipe (25), thereby
decreasing the refrigerant amount in the defrosting mode. In addition, part of liquid refrigerant of the
receiver (41) flows into the cooling member (42). Thus, the inverter circuit is cooled. [0058]In the
conditions of the first determination illustrated in FIG. 6, "HP(T)" represents a pressure equivalent
saturation temperature of refrigerant (high-pressure refrigerant) 
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and the outside-container fan (35) is operated at a low speed by the fan control section (83).  

In the refrigerant release operation, part of high-pressure refrigerant discharged from the 

compressor (30) is condensed in the condenser (31), and is stored in the receiver (41).  Thus, 

part of refrigerant in the refrigerant circulation cycle of the defrosting mode is released to the 

high-pressure liquid pipe (25), thereby decreasing the refrigerant amount in the defrosting 5 

mode.  In addition, part of liquid refrigerant of the receiver (41) flows into the cooling 

member (42).  Thus, the inverter circuit is cooled. 

[0058] In the conditions of the first determination illustrated in FIG. 6, “HP(T)” represents 

a pressure equivalent saturation temperature of refrigerant (high-pressure refrigerant) 

discharged from the compressor (30), “DCHS” represents a temperature detected by the outlet 10 

temperature sensor (62), and “AMBS” represents a temperature detected by the outdoor air 

temperature sensor (69).  That is, if the pressure equivalent saturation temperature HP(T) of 

high-pressure refrigerant is higher than a predetermined value, and a superheating degree SH 

(DCHS  HP(T)) of discharged refrigerant is less than a predetermined value, there is a 

possibility that refrigerant discharged from the compressor (30) is in a moist state.  Thus, the 15 

moist state is prevented by decreasing the refrigerant amount in the refrigerant circulation 

cycle.  In addition, if the pressure equivalent saturation temperature HP(T) is lower than the 

outdoor temperature AMBS, the pressure in the condenser (31) is higher than the pressure of 

high-pressure refrigerant.  Since refrigerant flows out from the condenser (31) by opening 

the pressure adjusting valve (38), it is one of the conditions that the pressure equivalent 20 

saturation temperature HP(T) is higher than the outdoor temperature AMBS.  Under such a 

condition, it can be ensured that part of refrigerant discharged from the compressor (30) is 

released toward the condenser (31) in the refrigerant release operation. 

[0059] In the refrigerant release operation, when the refrigerant amount determination 

section (84) determines based on conditions of a second determination illustrated in FIG. 6 25 

10 discharged from the compressor (30), "DCHS" represents a temperature detected by the outlet
temperature sensor (62), and "AMBS" represents a temperature detected by the outdoor air
temperature sensor (69). That is, if the pressure equivalent saturation temperature HP(T) of
high-pressure refrigerant is higher than a predetermined value, and a superheating degree SH (DCHS
- HP(T)) of discharged refrigerant is less than a predetermined value, there is a  15 possibility that
refrigerant discharged from the compressor (30) is in a moist state. Thus, the moist state is prevented
by decreasing the refrigerant amount in the refrigerant circulation cycle. In addition, if the pressure
equivalent saturation temperature HP(T) is lower than the outdoor temperature AMBS, the pressure in
the condenser (31) is higher than the pressure of high-pressure refrigerant. Since refrigerant flows out
from the condenser (31) by opening  20 the pressure adjusting valve (38), it is one of the conditions
that the pressure equivalent saturation temperature HP(T) is higher than the outdoor temperature
AMBS. Under such a condition, it can be ensured that part of refrigerant discharged from the
compressor (30) is released toward the condenser (31) in the refrigerant release operation.      [0059]
In the refrigerant release operation, when the refrigerant amount determination 25section (84)
determines based on conditions of a second determination illustrated in FIG. 6 that the refrigerant
amount is proper, the process returns to the normal operation illustrated in FIG. 3. That is, when the
superheating degree SH (DCHS - HP(T)) of discharged refrigerant is higher than the predetermined
value, such a state is regarded as the state in which it is less likely that refrigerant discharged from the
compressor (30) is in the moist 5state, and therefore the process returns to the normal operation.
[0060] In the normal operation, when the refrigerant amount determination section (84) determines
based on conditions of a third determination illustrated in FIG. 6 that the refrigerant amount is deficient,
a refrigerant charge operation (refrigerant supply operation) illustrated in FIG. 8 is performed. In the
refrigerant charge operation, the first  10 opening/closing valve (47) and the supercooling expansion
valve (48) are switched to the open state by the valve control section (82). Note that, in the refrigerant
charge operation, the pressure adjusting valve (38) is in the closed state, and the outside-container fan
(35) is stopped. In the refrigerant charge operation, liquid refrigerant of the receiver (41) flows into the
compression chamber of the compressor (30) in the intermediate pressure state through  15 the
supercooling branch pipe (26). Thus, refrigerant of the high-pressure liquid pipe (25) is charged
(supplied) to the refrigerant circulation cycle of the defrosting mode, thereby increasing the refrigerant
amount in the defrosting mode. In such a case, since liquid refrigerant of the receiver (41) circulates
through the cooling member (42), the inverter circuit is cooled. 20[0061]In the third determination
illustrated in FIG. 6, if the state in which the superheating degree SH (DCHS - HP(T)) of discharged
refrigerant is equal to or higher than the predetermined value due to an over-decrease in pressure
equivalent saturation temperature HP(T) of high-pressure refrigerant continues for, e.g., 10 minutes, it
is determined that the outlet temperature of the compressor (30) is abnormally high. In such a case,
the refrigerant 
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that the refrigerant amount is proper, the process returns to the normal operation illustrated in 

FIG. 3.  That is, when the superheating degree SH (DCHS  HP(T)) of discharged 

refrigerant is higher than the predetermined value, such a state is regarded as the state in 

which it is less likely that refrigerant discharged from the compressor (30) is in the moist 

state, and therefore the process returns to the normal operation. 5 

[0060] In the normal operation, when the refrigerant amount determination section (84) 

determines based on conditions of a third determination illustrated in FIG. 6 that the 

refrigerant amount is deficient, a refrigerant charge operation (refrigerant supply operation) 

illustrated in FIG. 8 is performed.  In the refrigerant charge operation, the first 

opening/closing valve (47) and the supercooling expansion valve (48) are switched to the 10 

open state by the valve control section (82).  Note that, in the refrigerant charge operation, 

the pressure adjusting valve (38) is in the closed state, and the outside-container fan (35) is 

stopped.  In the refrigerant charge operation, liquid refrigerant of the receiver (41) flows into 

the compression chamber of the compressor (30) in the intermediate pressure state through 

the supercooling branch pipe (26).  Thus, refrigerant of the high-pressure liquid pipe (25) is 15 

charged (supplied) to the refrigerant circulation cycle of the defrosting mode, thereby 

increasing the refrigerant amount in the defrosting mode.  In such a case, since liquid 

refrigerant of the receiver (41) circulates through the cooling member (42), the inverter circuit 

is cooled. 

[0061] In the third determination illustrated in FIG. 6, if the state in which the superheating 20 

degree SH (DCHS  HP(T)) of discharged refrigerant is equal to or higher than the 

predetermined value due to an over-decrease in pressure equivalent saturation temperature 

HP(T) of high-pressure refrigerant continues for, e.g., 10 minutes, it is determined that the 

outlet temperature of the compressor (30) is abnormally high.  In such a case, the refrigerant 

amount in the refrigerant circulation cycle is increased to decrease the superheating degree SH 25 

25amount in the refrigerant circulation cycle is increased to decrease the superheating degree SH  of
discharged refrigerant, thereby protecting the compressor (30). In addition, in the third determination, it
is one of the conditions that the operating speed N of the compressor (30) reaches an upper limit
thereof. If there is a margin in the range of the operating speed N of the compressor (30), the
operating speed is increased to increase a refrigerant circulation  5 amount, thereby reducing the
superheating degree SH of discharged refrigerant. The superheating degree SH can be more quickly
changed and be stabilized by increasing the operating speed of the compressor (30) rather than by the
foregoing refrigerant charge operation. Thus, if the operating speed N of the compressor (30) reaches
the upper limit thereof, i.e., the operating speed N of the compressor (30) can be no longer increased,
the  10 superheating degree SH of discharged refrigerant is decreased by the refrigerant charge
operation. [0062] In the refrigerant charge operation, if the refrigerant amount determination section
(84) determines based on conditions of a fourth determination illustrated in FIG. 6 that the refrigerant
amount is proper, the process returns to the normal operation illustrated in FIG. 3.  15 That is, if the
pressure equivalent saturation temperature HP(T) of high-pressure refrigerant reaches equal to or
higher than a predetermined value, and the superheating degree SH (DCHS - HP(T)) of discharged
refrigerant reaches equal to or lower than a predetermined value, such a state is regarded as the state
in which the outlet temperature of the compressor (30) is proper, and therefore the process returns to
the normal operation. 20[0063] As described above, in the defrosting mode, the amount of refrigerant
circulating between the compressor (30) and the evaporator (33) is increased/decreased such that the
superheating degree SH of refrigerant discharged from the compressor (30) reaches the
predetermined value (within a target range). That is, when the superheating degree SH is low, part of
refrigerant circulating between the compressor (30) and the evaporator (33) is 25released to the
high-pressure liquid pipe (25). On the other hand, when the superheating 
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of discharged refrigerant, thereby protecting the compressor (30).  In addition, in the third 

determination, it is one of the conditions that the operating speed N of the compressor (30) 

reaches an upper limit thereof.  If there is a margin in the range of the operating speed N of 

the compressor (30), the operating speed is increased to increase a refrigerant circulation 

amount, thereby reducing the superheating degree SH of discharged refrigerant.  The 5 

superheating degree SH can be more quickly changed and be stabilized by increasing the 

operating speed of the compressor (30) rather than by the foregoing refrigerant charge 

operation.  Thus, if the operating speed N of the compressor (30) reaches the upper limit 

thereof, i.e., the operating speed N of the compressor (30) can be no longer increased, the 

superheating degree SH of discharged refrigerant is decreased by the refrigerant charge 10 

operation. 

[0062] In the refrigerant charge operation, if the refrigerant amount determination section 

(84) determines based on conditions of a fourth determination illustrated in FIG. 6 that the 

refrigerant amount is proper, the process returns to the normal operation illustrated in FIG. 3.  

That is, if the pressure equivalent saturation temperature HP(T) of high-pressure refrigerant 15 

reaches equal to or higher than a predetermined value, and the superheating degree SH 

(DCHS  HP(T)) of discharged refrigerant reaches equal to or lower than a predetermined 

value, such a state is regarded as the state in which the outlet temperature of the compressor 

(30) is proper, and therefore the process returns to the normal operation. 

[0063] As described above, in the defrosting mode, the amount of refrigerant circulating 20 

between the compressor (30) and the evaporator (33) is increased/decreased such that the 

superheating degree SH of refrigerant discharged from the compressor (30) reaches the 

predetermined value (within a target range).  That is, when the superheating degree SH is 

low, part of refrigerant circulating between the compressor (30) and the evaporator (33) is 

released to the high-pressure liquid pipe (25).  On the other hand, when the superheating 25 

degree SH is high, refrigerant of the high-pressure liquid pipe (25) is charged to make up for the
deficiency of refrigerant circulating between the compressor (30) and the evaporator (33). [0064] Next,
termination conditions for the defrosting mode will be described with reference to FIG. 9. In the present
embodiment, the termination conditions are different 5 depending on an elapsed time from a start of
the defrosting mode (an operation time of the defrosting mode). [0065] First, after the defrosting mode
is started and before a first predetermined time (45 minutes) has elapsed, it is determined whether or
not first conditions are satisfied. Specifically, the defrosting mode is terminated if, in the defrosting
mode, the temperature 10 (evaporator outlet refrigerant temperature EOS) of refrigerant detected by
the outlet temperature sensor (68) reaches equal to or higher than a predetermined value (20C) and
the temperature (inlet air temperature RS) of air inside the container detected by the inlet temperature
sensor (70) reaches equal to or higher than a predetermined value (3C). That is, if the defrosting mode
is terminated under the first conditions, the operation time of the 15 defrosting mode is less than 45
minutes. As frost on the evaporator (33) is melted, the evaporator outlet refrigerant temperature EOS
is gradually increased. In addition, as frost on the evaporator (33) is melted, the temperature of air
flowing into the container through the evaporator (33) is gradually increased, and therefore the
temperature (inlet air temperature RS) of air flowing into the evaporator (33) from the container is
gradually increased. Thus, 20 an increase in evaporator outlet refrigerant temperature EOS and inlet
air temperature RS to a predetermined temperature is regarded as the state in which most of frost on
the evaporator (33) is melted, and therefore the defrosting mode is terminated. After the first
predetermined time has elapsed from the start of the defrosting mode without satisfying the first
conditions and before a second predetermined time (90 minutes) has elapsed, it is determined
whether or 25not second conditions are satisfied. In the second conditions, the predetermined values
for  the evaporator outlet refrigerant temperature EOS and the inlet air temperature RS are set to
larger values (changed from 20C to 30C and from 3C to 15C) than those of the first conditions. That is,
the defrosting mode is terminated if the evaporator outlet refrigerant temperature EOS reaches equal
to or higher than 30C and the inlet air temperature RS 
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degree SH is high, refrigerant of the high-pressure liquid pipe (25) is charged to make up for 

the deficiency of refrigerant circulating between the compressor (30) and the evaporator (33). 

[0064] Next, termination conditions for the defrosting mode will be described with 

reference to FIG. 9.  In the present embodiment, the termination conditions are different 

depending on an elapsed time from a start of the defrosting mode (an operation time of the 5 

defrosting mode). 

[0065] First, after the defrosting mode is started and before a first predetermined time (45 

minutes) has elapsed, it is determined whether or not first conditions are satisfied.  

Specifically, the defrosting mode is terminated if, in the defrosting mode, the temperature 

(evaporator outlet refrigerant temperature EOS) of refrigerant detected by the outlet 10 

temperature sensor (68) reaches equal to or higher than a predetermined value (20°C) and the 

temperature (inlet air temperature RS) of air inside the container detected by the inlet 

temperature sensor (70) reaches equal to or higher than a predetermined value (3°C).  That 

is, if the defrosting mode is terminated under the first conditions, the operation time of the 

defrosting mode is less than 45 minutes.  As frost on the evaporator (33) is melted, the 15 

evaporator outlet refrigerant temperature EOS is gradually increased.  In addition, as frost on 

the evaporator (33) is melted, the temperature of air flowing into the container through the 

evaporator (33) is gradually increased, and therefore the temperature (inlet air temperature 

RS) of air flowing into the evaporator (33) from the container is gradually increased.  Thus, 

an increase in evaporator outlet refrigerant temperature EOS and inlet air temperature RS to a 20 

predetermined temperature is regarded as the state in which most of frost on the evaporator 

(33) is melted, and therefore the defrosting mode is terminated.  After the first predetermined 

time has elapsed from the start of the defrosting mode without satisfying the first conditions 

and before a second predetermined time (90 minutes) has elapsed, it is determined whether or 

not second conditions are satisfied.  In the second conditions, the predetermined values for 25 

5 reaches equal to or higher than 15C. If the defrosting mode is terminated under the second
conditions, the operation time of the defrosting mode is equal to or greater than 45 minutes and less
than 90 minutes. If the first conditions are not satisfied until the first predetermined time (45 minutes)
has elapsed, such a state is regarded as the state in which the amount of frost on the evaporator (33)
is significantly large. In such a case, the predetermined values 10 for the evaporator outlet refrigerant
temperature EOS and the inlet air temperature RS are set to larger values. Thus, a longer defrosting
mode time can be ensured, and it can be ensured that frost is completely melted. If the cooling mode
is performed in the state in which part of frost is not melted, such frost is deposited in larger quantities
a short time later, and it is required that the defrosting mode is often performed. However, since frost is
completely  15 melted, the foregoing state can be prevented. If the amount of frost is large beyond
expectation and the frost is not completely melted, the second predetermined time (90 minutes) may
have elapsed without satisfying the second conditions. In such a case, the defrosting mode is forcibly
terminated when the second predetermined time has elapsed. Since the defrosting mode is the mode
in which hot gas is supplied to the evaporator (33), the  20 temperature inside the container is
gradually increased. Thus, when the defrosting mode time reaches the predetermined time, even if
part of frost is not melted, the defrosting mode is forcibly terminated to prevent an abnormal increase
in temperature inside the container. [0066] Advantages of Embodiment             According to the
foregoing embodiment, in the defrosting mode, the operating 25speed of the compressor (30) is
controlled such that the outlet air temperature SS reaches the target temperature SP. Thus, the
refrigerant circulation amount can be quickly adjusted depending on the outlet air temperature SS,
thereby efficiently adjusting the heating capacity. [0067] In the foregoing embodiment, the amount of
refrigerant circulating between the compressor (30) and the evaporator (33) is adjusted such that the
superheating degree SH of  5 discharged refrigerant reaches the predetermined value (within the
target range). Specifically, when the superheating degree SH is low, part of refrigerant circulating
between the compressor (30) and the evaporator (33) is released to the high-pressure liquid pipe (25)
(the refrigerant release operation), thereby decreasing the circulating refrigerant amount to increase
the superheating degree SH. This prevents refrigerant from being in the moist state  10 in the
compressor (30) (i.e., prevents liquid compression in the compressor (30)). On the other hand, when
the superheating degree SH is high, refrigerant of the high-pressure liquid pipe (25) is charged to
make up for the deficiency of refrigerant circulating between the compressor (30) and the evaporator
(33) (the refrigerant charge operation), thereby increasing the circulating refrigerant amount to
decrease the superheating degree SH. This prevents an  15 abnormal increase in outlet temperature
of the compressor (30), thereby protecting the compressor (30). [0068] In the foregoing embodiment,
the condition where the pressure equivalent 



 25 

the evaporator outlet refrigerant temperature EOS and the inlet air temperature RS are set to 

larger values (changed from 20°C to 30°C and from 3°C to 15°C) than those of the first 

conditions.  That is, the defrosting mode is terminated if the evaporator outlet refrigerant 

temperature EOS reaches equal to or higher than 30°C and the inlet air temperature RS 

reaches equal to or higher than 15°C.  If the defrosting mode is terminated under the second 5 

conditions, the operation time of the defrosting mode is equal to or greater than 45 minutes 

and less than 90 minutes.  If the first conditions are not satisfied until the first predetermined 

time (45 minutes) has elapsed, such a state is regarded as the state in which the amount of 

frost on the evaporator (33) is significantly large.  In such a case, the predetermined values 

for the evaporator outlet refrigerant temperature EOS and the inlet air temperature RS are set 10 

to larger values.  Thus, a longer defrosting mode time can be ensured, and it can be ensured 

that frost is completely melted.  If the cooling mode is performed in the state in which part 

of frost is not melted, such frost is deposited in larger quantities a short time later, and it is 

required that the defrosting mode is often performed.  However, since frost is completely 

melted, the foregoing state can be prevented.  If the amount of frost is large beyond 15 

expectation and the frost is not completely melted, the second predetermined time (90 

minutes) may have elapsed without satisfying the second conditions.  In such a case, the 

defrosting mode is forcibly terminated when the second predetermined time has elapsed.  

Since the defrosting mode is the mode in which hot gas is supplied to the evaporator (33), the 

temperature inside the container is gradually increased.  Thus, when the defrosting mode 20 

time reaches the predetermined time, even if part of frost is not melted, the defrosting mode is 

forcibly terminated to prevent an abnormal increase in temperature inside the container. 

[0066] Advantages of Embodiment 

 According to the foregoing embodiment, in the defrosting mode, the operating 

speed of the compressor (30) is controlled such that the outlet air temperature SS reaches the 25 

saturation temperature HP(T) of high-pressure refrigerant is higher than the outdoor temperature
AMBS is added to the conditions for the refrigerant release operation. This 20 prevents a back-flow of
refrigerant from the high-pressure liquid pipe (25) in which the condenser (31) is provided, to the hot
gas bypass circuit (22). Thus, it can be ensured that the refrigerant release operation is performed,
and that the liquid compression in the compressor (30) is prevented. [0069]In the refrigerant release
operation, the outside-container fan (35) is operated. 25Thus, it is encouraged that part of compressed
refrigerant released to the condenser (31) is  condensed into liquid refrigerant. This allows a large
amount of refrigerant to be stored in the condenser (31) or the receiver (41), and therefore it can be
ensured that the refrigerant release operation is smoothly performed. [0070]In the refrigerant release
operation and the refrigerant charge operation, refrigerant 5of the receiver (41) circulates through the
cooling member (42). This contributes to cooling of the inverter circuit. [0071] Variations of
Embodiment <First Variation> 
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target temperature SP.  Thus, the refrigerant circulation amount can be quickly adjusted 

depending on the outlet air temperature SS, thereby efficiently adjusting the heating capacity. 

[0067] In the foregoing embodiment, the amount of refrigerant circulating between the 

compressor (30) and the evaporator (33) is adjusted such that the superheating degree SH of 

discharged refrigerant reaches the predetermined value (within the target range).  5 

Specifically, when the superheating degree SH is low, part of refrigerant circulating between 

the compressor (30) and the evaporator (33) is released to the high-pressure liquid pipe (25) 

(the refrigerant release operation), thereby decreasing the circulating refrigerant amount to 

increase the superheating degree SH.  This prevents refrigerant from being in the moist state 

in the compressor (30) (i.e., prevents liquid compression in the compressor (30)).  On the 10 

other hand, when the superheating degree SH is high, refrigerant of the high-pressure liquid 

pipe (25) is charged to make up for the deficiency of refrigerant circulating between the 

compressor (30) and the evaporator (33) (the refrigerant charge operation), thereby increasing 

the circulating refrigerant amount to decrease the superheating degree SH.  This prevents an 

abnormal increase in outlet temperature of the compressor (30), thereby protecting the 15 

compressor (30). 

[0068] In the foregoing embodiment, the condition where the pressure equivalent 

saturation temperature HP(T) of high-pressure refrigerant is higher than the outdoor 

temperature AMBS is added to the conditions for the refrigerant release operation.  This 

prevents a back-flow of refrigerant from the high-pressure liquid pipe (25) in which the 20 

condenser (31) is provided, to the hot gas bypass circuit (22).  Thus, it can be ensured that 

the refrigerant release operation is performed, and that the liquid compression in the 

compressor (30) is prevented. 

[0069] In the refrigerant release operation, the outside-container fan (35) is operated.  

Thus, it is encouraged that part of compressed refrigerant released to the condenser (31) is 25 

In the present variation, the pressure adjusting valve (38) is constantly opened at a 10 predetermined
angle (e.g., the minimum angle) in the defrosting mode of the foregoing embodiment. In such a case,
while the defrosting mode is performed, part of discharged refrigerant is stored in the receiver (41),
and refrigerant of the receiver (41) circulates through the cooling member (42). Thus, it can be
ensured that the inverter circuit is cooled. As a result, reliability of the container refrigeration system
(10) is further improved. 15[0072] <Second Variation>         In the present variation, the starting
conditions for the defrosting mode of the foregoing embodiment are changed. That is, in the foregoing
embodiment, the defrosting mode is started every time the defrosting timer counts up. However, in the
present variation, the defrosting mode is started under conditions such as a frost formation state in
addition to  20 the foregoing condition. Note that the starting conditions (a precondition and main
condition(s)) for the defrosting mode as described below are determined by the controller (80).
[0073]As illustrated in FIG. 10, in the present variation, it is the precondition for the start      of the
defrosting mode that the evaporator outlet refrigerant temperature EOS is equal to or 25lower than a
predetermined value (20C). If frost is continuously formed on the evaporator  (33), refrigerant is less
likely to be evaporated, and therefore the evaporator outlet refrigerant temperature EOS is decreased.
In the present variation, the decrease in evaporator outlet refrigerant temperature EOS is regarded as
the state in which frost is formed on the evaporator (33) or frost is being formed on the evaporator
(33). If the precondition is satisfied, it is  5 determined whether or not the main condition(s) is/are
satisfied. If the main condition(s) is/are satisfied, the cooling mode is stopped, and then the defrosting
mode is started. The main condition is different depending on whether a state in the cooling mode is
an "out-range state" or an "in-range state." The "out-range state" indicates the state in which a
difference between a temperature inside the container and a set temperature inside the container is
equal  10 to or greater than a predetermined value, and the inside of the container is not cooled much.
The "in-range state" indicates the state in which the difference between the temperature inside the
container and the set temperature inside the container is less than the predetermined value, and the
inside of the container is cooled to some extent. In the "out-range state," the main condition is that the
defrosting timer counts up. That is, in the "out-range state," the 
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condensed into liquid refrigerant.  This allows a large amount of refrigerant to be stored in 

the condenser (31) or the receiver (41), and therefore it can be ensured that the refrigerant 

release operation is smoothly performed. 

[0070] In the refrigerant release operation and the refrigerant charge operation, refrigerant 

of the receiver (41) circulates through the cooling member (42).  This contributes to cooling 5 

of the inverter circuit. 

[0071] Variations of Embodiment 

 <First Variation> 

 In the present variation, the pressure adjusting valve (38) is constantly opened at a 

predetermined angle (e.g., the minimum angle) in the defrosting mode of the foregoing 10 

embodiment.  In such a case, while the defrosting mode is performed, part of discharged 

refrigerant is stored in the receiver (41), and refrigerant of the receiver (41) circulates through 

the cooling member (42).  Thus, it can be ensured that the inverter circuit is cooled.  As a 

result, reliability of the container refrigeration system (10) is further improved. 

[0072] <Second Variation> 15 

 In the present variation, the starting conditions for the defrosting mode of the 

foregoing embodiment are changed.  That is, in the foregoing embodiment, the defrosting 

mode is started every time the defrosting timer counts up.  However, in the present variation, 

the defrosting mode is started under conditions such as a frost formation state in addition to 

the foregoing condition.  Note that the starting conditions (a precondition and main 20 

condition(s)) for the defrosting mode as described below are determined by the controller 

(80). 

[0073] As illustrated in FIG. 10, in the present variation, it is the precondition for the start 

of the defrosting mode that the evaporator outlet refrigerant temperature EOS is equal to or 

lower than a predetermined value (20°C).  If frost is continuously formed on the evaporator 25 

15 defrosting mode is started after a predetermined time has elapsed from the start of the cooling
mode. On the other hand, in the "in-range state," the main conditions are that the defrosting timer
counts up and frost formation detection is turned ON. That is, in the "in-range state," the defrosting
mode is started after the predetermined time has elapsed from the start of the cooling mode and it is
determined that the amount of frost formed on the evaporator (33) is a 20 predetermined amount. The
reasons why the different main conditions are set for the "out-range state" and the "in-range state" are
as follows. If the state in the cooling mode is the "out-range state" even after the cooling mode is
performed to some extent, it is assumed based on such a state that the cooling capacity of the
evaporator (33) is not fully used, and that a certain amount of frost is formed on the evaporator (33).
Thus, for the "out-range 25state," only the condition where the defrosting timer counts up is set as the
main condition.  On the other hand, in the "in-range state," it is assumed that the cooling capacity of
the evaporator (33) is properly used, and that not so much frost is formed on the evaporator (33). If
only the condition where the defrosting timer counts up is set as the main condition, it is highly likely
that the defrosting mode is actually performed in the state in which not so much  5 frost is formed on
the evaporator (33). Thus, in the "in-range state," the actual frost formation state of the evaporator (33)
is detected to determine the frost amount. This prevents the defrosting mode from being uselessly
performed. [0074] Next, an operation for frost formation detection as described above will be described
with reference to FIG. 11. In the operation for frost formation detection, if base  10 conditions and
back-up conditions are satisfied, such a state is regarded as the state in which a certain amount of
frost is formed on the evaporator (33), and then the "frost formation detection is turned ON." Basically
in the operation for frost formation detection, the cooling capacity (hereinafter referred to as a "cooling
capacity value KA") of the evaporator (33) which is actually used is calculated, and then the frost
formation state of the evaporator (33) is  15 determined based on the cooling capacity value KA. As
illustrated in FIG. 11, the basic conditions are as follows: the cooling capacity value KA is lower than a
value obtained by multiplying an average cooling capacity value KA by a capacity reduction rate, and
such a state continues for a predetermined time (1 minute); or a pressure equivalent saturation
temperature LP(T) of refrigerant (low-pressure refrigerant) flowing into the compressor (30)  20 is
lower than a value Tdef, and such a state continues for a predetermined time (1 minute). The cooling
capacity value KA and the value Tdef are calculated every predetermined time in the cooling mode.
The average cooling capacity value KA is an average of a plurality of calculated cooling capacity
values KA. The cooling capacity value KA and the value Tdef are calculated respectively using the
following first and second equations: 25KA = Q / ((RS + SS) /2 - LP(T)) x Coefficient of Flow
QuantityFirst Equation 
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(33), refrigerant is less likely to be evaporated, and therefore the evaporator outlet refrigerant 

temperature EOS is decreased.  In the present variation, the decrease in evaporator outlet 

refrigerant temperature EOS is regarded as the state in which frost is formed on the evaporator 

(33) or frost is being formed on the evaporator (33).  If the precondition is satisfied, it is 

determined whether or not the main condition(s) is/are satisfied.  If the main condition(s) 5 

is/are satisfied, the cooling mode is stopped, and then the defrosting mode is started.  The 

main condition is different depending on whether a state in the cooling mode is an “out-range 

state” or an “in-range state.”  The “out-range state” indicates the state in which a difference 

between a temperature inside the container and a set temperature inside the container is equal 

to or greater than a predetermined value, and the inside of the container is not cooled much.  10 

The “in-range state” indicates the state in which the difference between the temperature inside 

the container and the set temperature inside the container is less than the predetermined value, 

and the inside of the container is cooled to some extent.  In the “out-range state,” the main 

condition is that the defrosting timer counts up.  That is, in the “out-range state,” the 

defrosting mode is started after a predetermined time has elapsed from the start of the cooling 15 

mode.  On the other hand, in the “in-range state,” the main conditions are that the defrosting 

timer counts up and frost formation detection is turned ON.  That is, in the “in-range state,” 

the defrosting mode is started after the predetermined time has elapsed from the start of the 

cooling mode and it is determined that the amount of frost formed on the evaporator (33) is a 

predetermined amount.  The reasons why the different main conditions are set for the “out-20 

range state” and the “in-range state” are as follows.  If the state in the cooling mode is the 

“out-range state” even after the cooling mode is performed to some extent, it is assumed 

based on such a state that the cooling capacity of the evaporator (33) is not fully used, and 

that a certain amount of frost is formed on the evaporator (33).  Thus, for the “out-range 

state,” only the condition where the defrosting timer counts up is set as the main condition.  25 

Tdef = (RS + SS) /2 - AT + BSecond Equation where "Q" represents a cooling capacity, "RS"
represents an inlet air temperature, "SS" represents an outlet air temperature, the coefficient of flow
quantity is a coefficient determined by taps (a low speed tap and a high speed tap) of the in-container
fan (36), "Tdef' 5 represents a threshold value, "AT" represents a coefficient of temperature, and "B"
represents a coefficient changed depending on a previous defrosting time. Note that the cooling
capacity value KA of the evaporator (33) is unstable right after the cooling mode is started (right after
the compressor (30) is operated). Thus, as illustrated in FIG. 11, in order not to calculate the cooling
capacity value KA until the cooling capacity value KA of the evaporator 10 (33) is stabilized, it is one of
the basic conditions that the predetermined time has elapsed after the start of the cooling mode (after
the compressor (30) is operated). The back-up conditions are as follows: the inlet air temperature RS
is not decreased by equal to or greater than a predetermined value (0.2C) per hour; and the inlet air
temperature RS is higher than a predetermined value (-20C). The back-up conditions are for checking
whether or not the 15cooling capacity of the evaporator (33) is reduced. INDUSTRIAL APPLICABILITY
[0075] As described above, the present invention is useful as the container refrigeration system
configured to cool the inside of the container. 20 DESCRIPTION OF REFERENCE CHARAC fERS 
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On the other hand, in the “in-range state,” it is assumed that the cooling capacity of the 

evaporator (33) is properly used, and that not so much frost is formed on the evaporator (33).  

If only the condition where the defrosting timer counts up is set as the main condition, it is 

highly likely that the defrosting mode is actually performed in the state in which not so much 

frost is formed on the evaporator (33).  Thus, in the “in-range state,” the actual frost 5 

formation state of the evaporator (33) is detected to determine the frost amount.  This 

prevents the defrosting mode from being uselessly performed. 

[0074] Next, an operation for frost formation detection as described above will be 

described with reference to FIG. 11.  In the operation for frost formation detection, if base 

conditions and back-up conditions are satisfied, such a state is regarded as the state in which a 10 

certain amount of frost is formed on the evaporator (33), and then the “frost formation 

detection is turned ON.”  Basically in the operation for frost formation detection, the cooling 

capacity (hereinafter referred to as a “cooling capacity value KA”) of the evaporator (33) 

which is actually used is calculated, and then the frost formation state of the evaporator (33) is 

determined based on the cooling capacity value KA.  As illustrated in FIG. 11, the basic 15 

conditions are as follows: the cooling capacity value KA is lower than a value obtained by 

multiplying an average cooling capacity value KA by a capacity reduction rate, and such a 

state continues for a predetermined time (1 minute); or a pressure equivalent saturation 

temperature LP(T) of refrigerant (low-pressure refrigerant) flowing into the compressor (30) 

is lower than a value Tdef, and such a state continues for a predetermined time (1 minute).  20 

The cooling capacity value KA and the value Tdef are calculated every predetermined time in 

the cooling mode.  The average cooling capacity value KA is an average of a plurality of 

calculated cooling capacity values KA.  The cooling capacity value KA and the value Tdef 

are calculated respectively using the following first and second equations: 

 KA = Q / ((RS  SS) / 2  LP(T))  Coefficient of Flow Quantity First Equation 25 

[0076] 10Container Refrigeration System 20Refrigerant Circuit 25 21Main Circuit  22Hot Gas Bypass
Circuit 30Compressor 31Condenser 32Main Expansion Valve (Expansion Valve) 5 33Evaporator
81Compressor Control Section 82Valve Control Section (Refrigerant Amount Control Section) 
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 Tdef = (RS  SS) / 2  ΔT  B   Second Equation 

where “Q” represents a cooling capacity, “RS” represents an inlet air temperature, “SS” 

represents an outlet air temperature, the coefficient of flow quantity is a coefficient 

determined by taps (a low speed tap and a high speed tap) of the in-container fan (36), “Tdef” 

represents a threshold value, “ΔT” represents a coefficient of temperature, and “B” represents 5 

a coefficient changed depending on a previous defrosting time.  Note that the cooling 

capacity value KA of the evaporator (33) is unstable right after the cooling mode is started 

(right after the compressor (30) is operated).  Thus, as illustrated in FIG. 11, in order not to 

calculate the cooling capacity value KA until the cooling capacity value KA of the evaporator 

(33) is stabilized, it is one of the basic conditions that the predetermined time has elapsed 10 

after the start of the cooling mode (after the compressor (30) is operated).  The back-up 

conditions are as follows: the inlet air temperature RS is not decreased by equal to or greater 

than a predetermined value (0.2°C) per hour; and the inlet air temperature RS is higher than a 

predetermined value (20°C).  The back-up conditions are for checking whether or not the 

cooling capacity of the evaporator (33) is reduced. 15 

 

INDUSTRIAL APPLICABILITY 

[0075] As described above, the present invention is useful as the container refrigeration 

system configured to cool the inside of the container. 

 20 

DESCRIPTION OF REFERENCE CHARACTERS 

[0076] 

10 Container Refrigeration System 

20 Refrigerant Circuit 

21 Main Circuit 25 

83Fan Control Section  10  CLAIMS 1.A container refrigeration system, comprising: a refrigerant circuit
(20) configured to perform a refrigeration cycle and including 5a main circuit (21) in which a
compressor (30), a condenser (31), an expansion valve (32), and an evaporator (33) are connected
together in this order, and                 a hot gas bypass circuit (22) in which compressed refrigerant of
the compressor (30) is supplied to the evaporator (33) by bypassing the condenser (31) and the
expansion valve (32); 10a compressor control section (81) configured to, in a defrosting operation in
which the compressed refrigerant of the compressor (30) returns to the compressor (30) through the
hot gas bypass circuit (22) and the evaporator (33) and the evaporator (33) is defrosted, control an
operating speed of the compressor (30) such that a pressure of the compressed refrigerant of the
compressor (30) reaches a target value; and 



 31 

22 Hot Gas Bypass Circuit 

30 Compressor 

31 Condenser 

32 Main Expansion Valve (Expansion Valve) 

33 Evaporator 5 

81 Compressor Control Section 

82 Valve Control Section (Refrigerant Amount Control Section) 

83 Fan Control Section 

 

10 

15a refrigerant amount control section (82) configured to, depending on a superheating degree SH of
the compressed refrigerant of the compressor (30) in the defrosting operation, perform                 a
refrigerant discharge operation in which part of the compressed refrigerant of the compressor (30)
flows into a high-pressure liquid pipe (25) of the refrigerant 20circuit (20) in which the condenser (31)
is provided, and is stored in the high-pressure liquid pipe (25), and                 a refrigerant supply
operation in which the refrigerant of the high-pressure liquid pipe (25) is supplied to the compressor
(30),           wherein, in a cooling mode in which refrigerant circulates through the main circuit 25(21) to
perform the refrigeration cycle and an inside of a container is cooled, the defrosting operation is, if a
temperature inside the container is in an out-range state, started after a  predetermined time has
elapsed from a start of the cooling mode, and the defrosting operation is, if the temperature inside the
container is in an in-range state, started after a predetermined time has elapsed from the start of the
cooling mode and a cooling capacity of the evaporator (33) is reduced to equal to or less than a
predetermined value. 5 
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CLAIMS 

 

1. A container refrigeration system, comprising: 

 a refrigerant circuit (20) configured to perform a refrigeration cycle and including 

  a main circuit (21) in which a compressor (30), a condenser (31), an 5 

expansion valve (32), and an evaporator (33) are connected together in this order, and 

  a hot gas bypass circuit (22) in which compressed refrigerant of the 

compressor (30) is supplied to the evaporator (33) by bypassing the condenser (31) and the 

expansion valve (32); 

 a compressor control section (81) configured to, in a defrosting operation in which 10 

the compressed refrigerant of the compressor (30) returns to the compressor (30) through the 

hot gas bypass circuit (22) and the evaporator (33) and the evaporator (33) is defrosted, 

control an operating speed of the compressor (30) such that a pressure of the compressed 

refrigerant of the compressor (30) reaches a target value; and 

 a refrigerant amount control section (82) configured to, depending on a 15 

superheating degree SH of the compressed refrigerant of the compressor (30) in the defrosting 

operation, perform 

  a refrigerant discharge operation in which part of the compressed 

refrigerant of the compressor (30) flows into a high-pressure liquid pipe (25) of the refrigerant 

circuit (20) in which the condenser (31) is provided, and is stored in the high-pressure liquid 20 

pipe (25), and 

  a refrigerant supply operation in which the refrigerant of the high-pressure 

liquid pipe (25) is supplied to the compressor (30), 

 wherein, in a cooling mode in which refrigerant circulates through the main circuit 

(21) to perform the refrigeration cycle and an inside of a container is cooled, the defrosting 25 

operation is, if a temperature inside the container is in an out-range state, started after a 

2. The container refrigeration system of claim 1, further comprising: a supercooling heat exchanger
(44) provided in the high-pressure liquid pipe (25); and a supercooling branch pipe (26) through which
refrigerant branched from the high- 10 pressure liquid pipe (25) supercools liquid refrigerant of the
high-pressure liquid pipe (25) in the supercooling heat exchanger (44) and then flows into a low
pressure gas pipe (28) of the refrigerant circuit (20) or a compression chamber of the compressor (30)
in an intermediate pressure state,           wherein, in the refrigerant supply operation, the valve control
section (82) allows 15the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor
(30) through the supercooling branch pipe (26).        3. The container refrigeration system of claim 1 or
2, further comprising: a fan control section (83) configured to, in the refrigerant discharge operation by
the 20refrigerant amount control section (82), operate a condenser fan (35) of the condenser (31).
4. The container refrigeration system of claim 1 or 2, wherein           in the defrosting operation, when
an outlet refrigerant temperature of the evaporator (33) reaches equal to or higher than a
predetermined value, the target value for the pressure of 25the compressed refrigerant of the
compressor (30) is changed to a higher value. 
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predetermined time has elapsed from a start of the cooling mode, and the defrosting operation 

is, if the temperature inside the container is in an in-range state, started after a predetermined 

time has elapsed from the start of the cooling mode and a cooling capacity of the evaporator 

(33) is reduced to equal to or less than a predetermined value. 

 5 

 2. The container refrigeration system of claim 1, further comprising: 

 a supercooling heat exchanger (44) provided in the high-pressure liquid pipe (25); 

and 

 a supercooling branch pipe (26) through which refrigerant branched from the high-

pressure liquid pipe (25) supercools liquid refrigerant of the high-pressure liquid pipe (25) in 10 

the supercooling heat exchanger (44) and then flows into a low pressure gas pipe (28) of the 

refrigerant circuit (20) or a compression chamber of the compressor (30) in an intermediate 

pressure state, 

 wherein, in the refrigerant supply operation, the valve control section (82) allows 

the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor (30) through 15 

the supercooling branch pipe (26). 

 

 3. The container refrigeration system of claim 1 or 2, further comprising: 

 a fan control section (83) configured to, in the refrigerant discharge operation by the 

refrigerant amount control section (82), operate a condenser fan (35) of the condenser (31). 20 

 

 4. The container refrigeration system of claim 1 or 2, wherein 

 in the defrosting operation, when an outlet refrigerant temperature of the evaporator 

(33) reaches equal to or higher than a predetermined value, the target value for the pressure of 

the compressed refrigerant of the compressor (30) is changed to a higher value. 25 


