
1  Description REFRIGERATION SYSTEM  5 Technical Field
[00011 This invention relates to a refrigeration
system with a cooling heat exchanger for  cooling the
interior of a cold storage and particularly relates to
a method for energy saving  operation of the
refrigeration system. 10 Background Art [00021
Refrigeration systems are conventionally known for
cooling the interior of a cold  storage, such as a
chiller or a freezer. [00031 For example, Patent
Document 1 discloses a refrigeration system for
cooling the  interior of a cold storage in a container
for use in sea transport or other transports. This  15
refrigeration system includes a refrigerant circuit in
which a compressor, a condenser, an expansion valve
and a cooling heat exchanger (evaporator) are
connected. The refrigerant  circuit in the
refrigeration system operates in a vapor compression
refrigeration cycle by  circulating refrigerant
therethrough. As a result, the refrigerant flowing
through the. cooling  heat exchanger takes heat from
air in the cold storage to evaporate and thereby cools
the air 20 in the cold storage. The refrigeration
system is capable of a freezing operation for freezing
stored goods in the container by cooling the air in
the cold storage with temperatures below  zero degrees
Celsius and a chilling operation for chilling stored
goods in the container by  cooling the air in the cold
storage with temperatures above zero degrees Celsius.
Patent Document 1: Published Japanese Patent
Application No. 2002-327964  25 Disclosure of the
Invention Problem to Be Solved by the Invention 2
[0004] For example, the above refrigeration system may
be required to keep the internal  cold storage
temperature with high accuracy, for example, within
about  0.5C, depending  



on stored goods in the container. Therefore,
conventional refrigeration systems keep their
compressors always on giving priority to keeping the
accuracy of the internal cold storage 5 temperature.
However, once the air in the cold storage of the
container becomes cool, the  cooling load on the
cooling heat exchanger does not so drastically change.
In addition, it is  highly unlikely that the outside
temperature acting on the cooling load changes so
abruptly.  Hence, in most cases, refrigeration systems
can keep the internal cold storage temperature
constant even if they restrain the cooling capacity of
their cooling heat exchangers. Even in 10 such cases,
however, conventional refrigeration systems keep their
compressors  consistently on to consume more energy
than required to drive the compressors. [0005] The
present invention has been made in view of the
foregoing points and an  object thereof is that the
refrigeration system for cooling the interior of a
cold storage by  means of a cooling heat exchanger has
the ability to keep the internal cold storage 15
temperature within a desired temperature range and the
ability to provide an operation  excellent in energy
saving performance. Means to Solve the Problem [0006]
A first aspect of the invention is directed to a
refrigeration system that includes a  refrigerant
circuit (10) in which a compressor (11) and a cooling
heat exchanger (14) for  20 cooling the interior of a
cold storage are connected, and that operates in a
refrigeration cycle by circulating refrigerant through
the refrigerant circuit (10). Furthermore, the
refrigeration system includes a capacity regulator
(35) for regulating the cooling capacity  of the
cooling heat exchanger (14) to bring the internal cold
storage temperature to a  desired temperature, and is
configured to be capable of energy saving operation
including: 25 a first action in which the compressor
(11) is driven while the cooling capacity of the
cooling heat exchanger (14) is regulated by the
capacity regulator (35); a second action in  which
when the internal cold storage temperature is held at
the desired temperature during 3  the first action,
the cooling capacity of the cooling heat exchanger
(14) is increased by the  capacity regulator (35) to
lower the internal cold storage temperature to a lower
limit of a  



desired temperature range containing the desired
temperature and the compressor (11) is  then stopped;
and a third action in which when the internal cold
storage temperature 5 reaches an upper limit of the
desired temperature range after the stop of the
compressor  (11) by the second action, the compressor
(11) is activated to restart the first action. [0007]
The refrigeration system according to the first aspect
of the invention operates in  a vapor compression
refrigeration cycle by circulating refrigerant through
the refrigerant  circuit (10). As a result, the
refrigerant flowing through the cooling heat exchanger
(14) 10 takes heat from air in the cold storage to
evaporate, thereby cooling the interior of the cold
storage. [0008] During the time, the refrigeration
system according to this aspect of the invention
performs an energy saving operation of intermittently
driving the compressor (11).  Specifically, in the
energy saving operation, the following first to third
actions are repeated. 15 In the refrigeration system,
a desired value of the internal cold storage
temperature and the  upper and lower limits of a
desired temperature range (allowable temperature
range)  containing the desired temperature are set.
[0009] First, in the first action, the compressor (11)
is driven and the cooling capacity of  the cooling
heat exchanger (14) is regulated by the capacity
regulator (35). As a result, the  20 internal cold
storage temperature gradually approaches the desired
temperature. When the internal cold storage
temperature is held at the desired temperature by the
first action, the  second action is carried out.
[0010] In the second action, the compressor (11) is
driven and the cooling capacity of  the cooling heat
exchanger (14) is increased by the capacity regulator
(35). As a result, the  25 internal cold storage
temperature gradually decreases. Then, when during the
second action the internal cold storage temperature
reaches the lower limit, the compressor (11) is
stopped and the third action is carried out. 4  [0011]
In the third action, the compressor (11) is held
stopped. Therefore, the refrigerant  circuit (10) does
not operate in a refrigeration cycle, whereby the
cooling of the interior of  



the cold storage by the cooling heat exchanger (14) is
substantially stopped. As a result, the  internal cold
storage temperature gradually increases and then rises
above the desired 5 temperature. Thereafter, when the
internal cold storage temperature further rises and
reaches the upper limit, the compressor (11) is
activated again to restart the first action.  When the
first action is restarted, the internal cold storage
temperature gradually  approaches the desired
temperature again. [0012] A second aspect of the
invention is the refrigeration system according to the
first  10 aspect of the invention, wherein the
capacity regulator comprises a flow regulator valve
(35), connected in the refrigerant circuit (10), for
regulating the amount of flow of  refrigerant to be
sucked into the compressor (11), and the refrigeration
system during the  second action is configured to make
the opening of the flow regulator valve (35) larger
than during the first action to increase the cooling
capacity of the cooling heat exchanger  15 (14).
[0013] In the second aspect of the invention, a flow
regulator valve (35) is connected in  the refrigerant
circuit (10). The flow regulator valve (35)
constitutes a capacity regulator  for regulating the
cooling capacity of the cooling heat exchanger (14) by
regulating the  amount of flow of refrigerant to be
sucked into the compressor (11). 20 [0014]
Specifically, during the first action, the opening of
the flow regulator valve (35)  is regulated, whereby
the refrigerant circulation amount in the refrigerant
circuit (10) is  regulated. In this case, when the
refrigerant circulation amount is regulated by
throttling  the opening of the flow regulator valve
(35), the refrigerant is on the wet side over
substantially the entire area of the cooling heat
exchanger (14) serving as an evaporator. If 25 the
cooling capacity of the evaporator were regulated by
regulating the opening of the  expansion valve on the
inflow side of the evaporator, refrigerant flowing
through the  evaporator would be on the dry side and
would be likely to cause temperature variations 5
from inflow end to outflow end of the evaporator. On
the other hand, when the cooling  capacity of the
cooling heat exchanger (14) is regulated while the
opening of the flow  



regulator valve (35) is throttled, this uniformizes
the temperature distribution of refrigerant  from
inflow end to outflow end of the cooling heat
exchanger (14). As a result, the air in 5 the cold
storage is cooled to a relatively uniform temperature
by the cooling heat  exchanger (14). [0015] When the
internal cold storage temperature is held at the
desired temperature by  the above regulation of the
opening of the flow regulator valve (35) in the first
action, the  second action is carried out. In the
second action, since the opening of the flow regulator
10 valve (35) is regulated to a larger degree than
during the first action, the refrigerant  circulation
amount in the refrigerant circuit (10) is increased to
increase the cooling  capacity of the cooling heat
exchanger (14). Then, when during the second action
the  internal cold storage temperature reaches the
lower limit, the same third action as in the  first
aspect of the invention is carried out. 15 [0016] A
third aspect of the invention is the refrigeration
system according to the second  aspect of the
invention, wherein during the third action the opening
of the flow regulator  valve (35) is held as it is at
the end of the second action. [0017] In the third
aspect of the invention, when the opening of the flow
regulator valve  (35) is made larger by the second
action until the internal cold storage temperature
reaches  20 the lower limit, the opening of the flow
regulator valve (35) at that time is held as it is,
the compressor (11) is stopped and a transition to the
third action is made. The opening of the  flow
regulator valve (35) is held as it is until the
internal cold storage temperature reaches  the upper
limit during the third action to restart the
compressor (11). Therefore, the  opening of the flow
regulator valve(35) at the start of the first action
is the same as the 25 opening at the end of the last
second action during which the cooling capacity of the
cooling heat exchanger (14) is increased to cool the
air in the cold storage. As a result, a  sufficient
refrigerant circulation amount can be ensured from the
start of the first action at 6  which the internal
cold storage temperature reaches the upper limit to
restart the  compressor (11). Therefore, the air in
the cold storage is promptly cooled so that the  



internal cold storage temperature promptly approaches
the desired temperature. [0018] A fourth aspect of the
invention is the refrigeration system according to the
first  5 aspect of the invention, further including a
temperature correction means for raising the  lower
limit when the internal cold storage temperature falls
below the lower limit during  the third action. [0019]
In the fourth aspect of the invention, if, for
example, under conditions of  relatively low outside
temperatures, the internal cold storage temperature
falls below the  10 lower limit even after the
internal cold storage temperature has once reached the
lower limit to provide a transition to the third
action, the temperature correction means corrects  the
lower limit by raising it. As a result, in the next
and later second actions, when the  internal cold
storage temperature reaches the corrected lower limit,
a transition to the third  action is made. Therefore,
in the next and later third actions, the internal cold
storage 15 temperature changes within a slightly
higher temperature range and, therefore, can be
avoided from falling below the initial desired
temperature range. [0020] A fifth aspect of the
invention is the refrigeration system according to the
first  aspect of the invention, further including a
temperature correction means for lowering the  upper
limit when the internal cold storage temperature rises
above the upper limit during  20 the first action.
[00211 In the fifth aspect of the invention, if, for
example, under conditions of relatively  high outside
temperatures, the internal cold storage temperature
rises above the upper limit  even after the internal
cold storage temperature has once reached the upper
limit to provide  a transition to the first action,
the temperature correction means corrects the upper
limit by 25 lowering it. As a result, in the next and
later third actions, when the internal cold storage
temperature reaches the corrected upper limit, a
transition to the first action is made.  Therefore, in
the next and later first actions, the internal cold
storage temperature changes 7  within a slightly lower
temperature range and, therefore, can be avoided from
rising above  the initial desired temperature range. 



[0022] A sixth aspect of the invention is the
refrigeration system according to the first  aspect of
the invention, further including an internal fan (16),
contained in the cold storage,  5 for feeding air to
the cooling heat exchanger (14), the internal fan (16)
being rotated during  the third action at a lower
speed than during the first and second actions. [0023]
In the sixth aspect of the invention, during the first
and second actions in the  energy saving operation
mode, the internal fan (16) is driven at a normal
rotational speed.  As a result, heat is exchanged
between refrigerant flowing through the cooling heat
10 exchanger (14) and air in the cold storage fed
thereto by the internal fan (16). Therefore,  the
refrigerant takes heat from the air in the cold
storage to evaporate, thereby cooling the  interior of
the cold storage. [0024] On the other hand, during the
third action in which the compressor (11) is  stopped,
the internal fan (16) is driven at a lower rotational
speed than during the first and  15 second actions.
Therefore, the quantity of heat liberated from the
internal fan (16) owing to the driving of the internal
fan (16) becomes smaller than during the first and
second actions.  As a result, the time for the
internal cold storage temperature to reach the upper
limit  during the third action is extended and,
therefore, the stopping time of the compressor (11)
is also extended. Hence, the power consumption of the
refrigeration system during the  20 energy saving
operation can be reduced. [0025] A seventh aspect of
the invention is the refrigeration system according to
the first  aspect of the invention, further including
an internal fan (16), contained in the cold storage,
for feeding air to the cooling heat exchanger (14),
the internal fan (16) being deactivated  only during
the third action. 25 [0026] In the seventh aspect of
the invention, during the first and second actions in
the  energy saving operation mode, the internal fan
(16) is driven at a normal rotational speed.  As a
result, heat is exchanged between refrigerant flowing
through the cooling heat 8  exchanger (14) and air in
the cold storage fed thereto by the internal fan (16).
Therefore,  the refrigerant takes heat from the air in
the cold storage to evaporate, thereby cooling the  



interior of the cold storage. [0027] On the other
hand, during the third action in which the compressor
(11) is  5 stopped, the internal fan (16) is
deactivated. Therefore, during the third action, the
internal  fan (16) liberates no heat, whereby the time
for the internal cold storage temperature to  reach
the upper limit can be further extended. Hence, the
power consumption of the  refrigeration system during
the energy saving operation can be further reduced.
[0028] An eighth aspect of the invention is directed
to a refrigeration system that  10 includes a
refrigerant circuit (10) in which a compressor (11)
and a cooling heat exchanger  (14) for cooling the
interior of a cold storage are connected, and that
operates in a  refrigeration cycle by circulating
refrigerant through the refrigerant circuit (10).
Furthermore, the refrigeration system includes a
capacity regulator (35) for regulating the  cooling
capacity of the cooling heat exchanger (14) to bring
the internal cold storage 15 temperature to a desired
temperature and an internal fan (16), contained in the
cold storage,  for feeding air to the cooling heat
exchanger (14), and the refrigeration system is
configured to be capable of energy saving operation
including: a first action in which the  compressor
(11) is driven while the cooling capacity of the
cooling heat exchanger (14) is  regulated by the
capacity regulator (35); a second action in which when
the internal cold 20 storage temperature is held at
the desired temperature during the first action, the
compressor (11) is stopped; and a third action in
which when the internal cold storage  temperature
reaches an upper limit of a desired temperature range
containing the desired  temperature after the stop of
the compressor (11) by the second action, the
compressor (11)  is activated to restart the first
action, and the refrigeration system is further
configured to 25 rotate, during the third action, the
internal fan (16) at a lower speed than during the
first  action. [0029] The refrigeration system
according to the eighth aspect of the invention
performs 9  an energy saving operation of
intermittently driving the compressor (11).
Specifically, in  the energy saving operation, the
following first to third actions are repeated. In the



refrigeration system, at least a desired value of the
internal cold storage temperature and  the upper limit
of a desired temperature range containing the desired
temperature are set. 5 10030] First, in the first
action, the compressor (11) is driven and the cooling
capacity of  the cooling heat exchanger (14) is
regulated by the capacity regulator (35). As a result,
the  internal cold storage temperature gradually
approaches the desired temperature.  Furthermore,
during the first action, the internal fan (16) is
driven at a normal rotational  speed. When the
internal cold storage temperature is held at the
desired temperature by the  10 first action, the
second action is carried out to stop the compressor
(11). [0031] After the compressor (11) is stopped by
the second action, the third action is  carried out.
In the third action, the compressor (11) is held
stopped. Therefore, the  refrigerant circuit (10) does
not operate in a refrigeration cycle, whereby the
cooling of the  interior of the cold storage by the
cooling heat exchanger (14) is substantially stopped.
As a 15 result, the internal cold storage temperature
gradually increases from the desired  temperature.
Then, when the internal cold storage temperature
reaches the upper limit, the  compressor (11) is
activated again to restart the first action. [0032] In
this aspect of the invention, during the third action
in which the compressor  (11) is stopped, the internal
fan (16) is driven at a lower rotational speed than
during the  20 first action. Therefore, the quantity
of heat liberated from the internal fan (16) owing to
the driving of the internal fan (16) becomes smaller
than during the first action. As a result, the  time
for the internal cold storage temperature to reach the
upper limit during the third  action is extended and,
therefore, the stopping time of the compressor (11) is
also extended.  Hence, the power consumption of the
refrigeration system during the energy saving  25
operation can be reduced. [0033] A ninth aspect of the
invention is the refrigeration system according to any
one of  the first to eighth aspects of the invention,
wherein the refrigeration system is configured to 10
be capable of performing a normal operation of
continuously driving the compressor (11)  while
regulating the cooling capacity of the cooling heat
exchanger (14) with the capacity  



regulator (35), further includes a suction temperature
sensor (RS) for detecting the  temperature of air in
the cold storage to be fed to the cooling heat
exchanger (14), and is 5 further configured to switch
from the normal operation to the energy saving
operation  when during the normal operation the
detected temperature of the suction temperature
sensor (RS) falls within a predetermined temperature
range containing the desired  temperature. [0034] In
the refrigeration system according to the ninth aspect
of the invention, during  10 the normal operation, the
compressor (11) is continuously driven and the cooling
capacity  of the cooling heat exchanger (14) is
regulated to bring the internal cold storage
temperature close to the desired temperature.
Furthermore, disposed upstream of the  cooling heat
exchanger (14) is a suction temperature sensor (RS)
for measuring the  temperature of air in the cold
storage to be fed to the cooling heat exchanger (14).
15 [0035] In this aspect of the invention, whether the
operation should be switched from  normal operation to
energy saving operation is determined. Specifically,
in the normal  operation, a comparison is made between
the suction temperature detected by the suction
temperature sensor (RS) and the desired temperature.
If, in the comparison, the suction  temperature is out
of the predetermined temperature range containing the
desired 20 temperature, the internal cold storage
temperature is needed to be brought close to the
desired temperature and, therefore, the normal
operation is continued. On the other hand, if  the
suction temperature falls within the predetermined
temperature range containing the  desired temperature,
the internal cold storage temperature is already close
to the desired  temperature, which eliminates the need
to continuously drive the compressor (11).  25
Therefore, a transition from normal operation to
energy serving operation is made. [0036] A tenth
aspect of the invention is the refrigeration system
according to any one of  the first to eighth aspects
of the invention, wherein the refrigeration system is
configured to 11  be capable of performing a normal
operation of continuously driving the compressor (11)
while regulating the cooling capacity of the cooling
heat exchanger (14) with the capacity  



regulator (35), further includes a blowoff temperature
sensor (SS) for detecting the  temperature of air in
the cold storage having passed through the cooling
heat exchanger 5 (14), and is further configured to
switch from the normal operation to the energy saving
operation when during the normal operation the
detected temperature of the blowoff  temperature
sensor (SS) falls within a predetermined temperature
range containing the  desired temperature. [0037] In
the tenth aspect of the invention, a blowoff
temperature sensor (SS) is disposed  10 downstream of
the cooling heat exchanger (14). The blowoff
temperature sensor (SS)  detects the temperature of
air in the cold storage after being cooled by the
cooling heat  exchanger (14). [00381 In this aspect of
the invention, whether the operation should be
switched from  normal operation to energy saving
operation is determined, unlike the ninth aspect of
the  15 invention, by making a comparison between the
blowoff temperature detected by the blowoff
temperature sensor (SS) and the desired temperature.
Specifically, in the normal  operation, a comparison
is made between the blowoff temperature detected by
the blowoff  temperature sensor (SS) and the desired
temperature. If, in the comparison, the blowoff
temperature is out of the predetermined temperature
range containing the desired 20 temperature, the
internal cold storage temperature is needed to be
brought close to the  desired temperature and,
therefore, the normal operation is continued. On the
other hand, if  the blowoff temperature falls within
the predetermined temperature range containing the
desired temperature, the internal cold storage
temperature is already close to the desired
temperature, which eliminates the need to continuously
drive the compressor (11).  25 Therefore, a transition
from normal operation to energy serving operation is
made. [0039] An eleventh aspect of the invention is
the refrigeration system according to any  one of the
first to eighth aspects of the invention, wherein the
refrigeration system is 12  configured to be capable
of performing a normal operation of driving the
compressor (11)  while regulating the cooling capacity
of the cooling heat exchanger (14) with the capacity  



regulator (35), and the refrigeration system is
further configured to switch from the energy  saving
operation to the normal operation when during the
energy saving operation the time 5 taken in one cycle
from the start of the first action to the end of the
third action is equal to  or shorter than a
predetermined period of time. [0040] In the eleventh
aspect of the invention, whether a transition from
energy saving  operation to normal operation should be
made or not is determined based on the time taken  in
one cycle of energy saving operation from the start of
the first action to the end of the  10 third action.
[0041] Meanwhile, under conditions of significantly
high outside temperatures, the  internal cold storage
temperature is likely to reach the upper limit of the
desired  temperature range during the third action of
the energy saving operation in which the  compressor
(11) is stopped. Therefore, the time taken in the
third action is shortened and, 15 in turn, the time
taken in one cycle of energy saving operation is
shortened. Hence, if,  under such conditions, the
energy saving operation is continued, the number of
on/off  times of the compressor (11) becomes large,
resulting in a shortened lifetime of the  compressor
(11). [0042] In order to cope with this and elongate
the lifetime of the compressor (11), in this  20
aspect of the invention, a transition from energy
saving operation to normal operation is  made when the
time taken in one cycle of energy saving operation is
short. Specifically,  when the time taken in one cycle
is above the predetermined set time, the number of
on/off  times of the compressor (11) is relatively
small and, therefore, the energy saving operation  is
continued. On the other hand, when the time taken in
one cycle is equal to or shorter 25 than the
predetermined set time, the number of on/off times of
the compressor (11) is  relatively large and,
therefore, a transition from energy saving operation
to normal  operation is made to continuously drive the
compressor (11). 13  [00431 A twelfth aspect of the
invention is the refrigeration system according to any
one  of the first to eighth aspects of the invention,
wherein the refrigeration system is  



configured to prohibit the energy saving operation
when the accumulated number of on/off  times of the
compressor (11) exceeds a predetermined number of
times. 5 [00441 In the twelfth aspect of the
invention, if the accumulated number of on/off times
of the compressor (11) exceeds the predetermined
number of times by repeating the on/off  operation of
the compressor (11), such as owing to the energy
saving operation, the energy  saving operation is
prohibited. Effects of the Invention 10 [00451
According to the first aspect of the invention, since
the compressor (11) is  intermittently driven during
the energy saving operation, this reduces the
operating power  of the compressor (11) and in turn
enhances the energy saving performance of the
refrigeration system. [00461 Particularly in this
aspect of the invention, the internal cold storage
temperature  15 is once lowered to the lower limit by
the second action and the compressor (11) is then
stopped. Furthermore, the compressor (11) is held
stopped until the internal cold storage  temperature
reaches the upper limit during the third action.
Therefore, according to this  aspect of the invention,
as compared to the case where the compressor is
stopped without  once lowering the internal cold
storage temperature to the lower limit, the time for
the 20 internal cold storage temperature to reach the
upper limit can be extended and the  compressor can be
stopped for an accordingly longer period of time.
Hence, the operating  power of the compressor (11)
during the energy saving operation can be further
reduced,  thereby effectively reducing the energy
consumed by the refrigeration system. [00471
Furthermore, according to this aspect of the
invention, since the capacity of the  25 cooling heat
exchanger (14) and the on/off operation of the
compressor (11) are controlled  so that the internal
cold storage temperature can change between the upper
and lower limits  of the desired temperature range, it
can be avoided that the internal cold storage 14
temperature deviates from the desired temperature
range. Therefore, the interior of the cold  storage
can be surely cooled also during the energy saving
operation, which enhances the  



reliability of the refrigeration system. [0048]
Particularly in the second aspect of the invention,
the cooling capacity of the  5 cooling heat exchanger
(14) is regulated by regulating the amount of flow of
refrigerant to  be sucked into the compressor (11)
with the flow regulator valve (35). Therefore,
refrigerant on the wet side is accumulated in the
entire area of the cooling heat exchanger  (14), which
uniformizes the temperature of air having passed
through the cooling heat  exchanger (14). In other
words, if the cooling capacity of the cooling heat
exchanger (14) 10 is regulated by the flow regulator
valve (35) as in this aspect of the invention, the
controllability of the internal cold storage
temperature can be enhanced. As a result, in the
first action, the internal cold storage temperature
can be promptly and surely brought close  to the
desired temperature. Furthermore, since during the
second action the compressor  (11) can be surely
stopped at the time when the internal cold storage
temperature reaches 15 the lower limit, it can be
avoided that during the subsequent third action the
internal cold  storage temperature falls below the
lower limit. [0049] Furthermore, if during the second
action the cooling capacity of the cooling heat
exchanger were increased by increasing the operating
capacity (for example, operating  frequency) of the
compressor, the power consumption would also increase.
Unlike this, in 20 this aspect of the invention, the
cooling capacity of the cooling heat exchanger is
increased  simply by regulating the opening of the
flow regulator valve (35) to a larger degree than
before. Therefore, the cooling capacity of the cooling
heat exchanger (14) can be increased  without
incurring an increase in the power consumption. [0050]
Furthermore, in the third aspect of the invention, the
opening of the flow  25 regulator valve (35) at the
end of the second action, during which the opening has
been  regulated to a larger degree than during the
first action, is maintained during the third  action,
i.e., until just before the start of the first action.
Therefore, according to this aspect 15  of the
invention, a sufficient refrigerant circulation amount
can be ensured from the start of  the first action at
which the internal cold storage temperature reaches
the upper limit to  



restart the compressor (11). Hence, the air in the
cold storage can be promptly cooled and  the internal
cold storage temperature can be avoided from rising
above the upper limit. 5 [0051] Furthermore, in the
fourth aspect of the invention, when the internal cold
storage  temperature falls below the lower limit
during the third action, the lower limit is corrected
to increase. Therefore, in the next and later third
actions, the internal cold storage  temperature can be
avoided from falling below the initial desired
temperature range. [0052] Contrariwise, in the fifth
aspect of the invention, when the internal cold
storage  10 temperature rises above the upper limit
during the first action, the upper limit is corrected
to decrease. Therefore, in the next and later first
actions, the internal cold storage  temperature can be
avoided from rising above the initial desired
temperature range. [0053] Furthermore, in the sixth
and eighth aspects of the invention, the internal fan
(16)  is driven, during the third action, at a lower
rotational speed. This restrains the quantity of  15
heat liberated from the internal fan (16) during the
third action and extends the stopping period of time
of the compressor (11). Hence, the operating power of
the compressor (11)  during the energy saving
operation can be further reduced, thereby further
effectively  enhancing the energy saving performance
of the refrigeration system. [0054] If the internal
fan (16) were fully stopped during the third action,
the temperature  20 distribution of air in the cold
storage might cause variations. In such a case,
whether the  internal cold storage temperature has
reached the upper limit or not, i.e., whether a
transition from third to first action should be made
or not, could not be correctly  determined. Unlike the
above case, the refrigeration system according to this
aspect of the  invention do no more than make the
rotational speed of the internal fan (16) lower. 25
Therefore, the temperature variations of the air in
the cold storage can be limited to a small  range.
Hence, according to this aspect of the invention,
whether a transition from third to  first action
should be made or not can be correctly determined,
whereby the internal cold 16  storage temperature can
be further surely kept within the desired temperature
range. [0055] On the other hand, in the case where the
internal fan (16) is fully stopped only  



during the third action as in the seventh aspect of
the invention, this eliminates heat  liberation from
the internal fan (16) during the third action.
Therefore, the temperature 5 increase in the cold
storage during the third action can be actively
restrained. Hence,  according to the seventh aspect of
the invention, the stopping period of time of the
compressor (11) can be extended, thereby effectively
reducing the power consumption of  the refrigeration
system. In addition, the operating power of the
internal fan (16) is reduced  by a quantity of power
corresponding to the period of time during which the
internal fan 10 (16) is deactivated during the third
action. This further enhances the energy saving
performance of the refrigeration system. [00561
Furthermore, in the eighth aspect of the invention,
the internal cold storage  temperature is changed
between the desired temperature and the upper limit
during the  energy saving operation. Therefore, the
internal cold storage temperature can be avoided 15
from deviating from the allowable temperature range,
which enhances the reliability of the  refrigeration
system. [00571 In the ninth and tenth aspects of the
invention, whether a transition from normal  operation
to energy saving operation should be made or not is
automatically determined.  Particularly in the ninth
aspect of the invention, the normal operation is
continued until the 20 suction temperature of air in
the cold storage ' before passing through the cooling
heat  exchanger (14) falls within the desired
temperature range. In this case, the suction
temperature is a temperature of the air in the cold
storage before being cooled by the  cooling heat
exchanger (14) and, therefore, a temperature close to
the actual internal cold  storage temperature.
Therefore, if whether a transition to the energy
saving operation 25 should be made or not is
determined based on the suction temperature, the
refrigeration  system can make a transition to the
energy saving operation after it promptly brings the
actual internal cold storage temperature close to the
desired temperature range. Hence, 17  according to the
ninth aspect of the invention, stored goods in the
cold storage can be  surely cooled within the desired
temperature range, which allows the refrigeration
system  



to perform an operation placing great importance on
the quality of stored goods. [0058] On the other hand,
in the tenth aspect of the invention, the normal
operation is  5 continued until the blowoff
temperature of air in the cold storage after passing
through the  cooling heat exchanger (14) falls within
the desired temperature range. In this case, the
blowoff temperature is a temperature of the air in the
cold storage after being cooled by the  cooling heat
exchanger (14) and, therefore, a temperature slightly
lower than the actual  internal cold storage
temperature. Therefore, if whether a transition to the
energy saving 10 operation should be made or not were
determined based on the suction temperature, the
refrigeration system would make a transition to the
energy saving operation at an earlier  timing than
according to the ninth aspect of the invention. Hence,
according to the tenth  aspect of the invention, the
energy saving operation can be actively carried out,
whereby  the refrigeration system can perform an
operation placing greater importance on energy  15
saving performance. [0059] Furthermore, in the
eleventh aspect of the invention, when the time taken
in one  cycle of energy saving operation is shorter
than the predetermined set time, a transition to  the
normal operation is automatically made. In other
words, in this aspect of the invention,  when the
number of on/off times of the compressor (11) during
the energy saving operation 20 is large, a transition
from energy saving operation to normal operation is
made. Therefore,  the number of on/off times of the
compressor (11) can be reduced, which provides an
elongated lifetime of the compressor (11). [0060]
Furthermore, in the twelfth aspect of the invention,
when the accumulated  number of on/off times of the
compressor (11) exceeds the maximum allowable number
of  25 on/off times, the refrigeration system
prohibits the energy saving operation. Therefore, it
can be avoided that the on/off operation of the
compressor (11) is repeated in the energy  saving
operation even though the lifetime of parts of the
compressor (11) is shortened. This 18  elongates the
lifetime of the compressor (11) and ensures the
reliability of the refrigeration  system. 



Brief Description of Drawings 5 [0061] [Fig. 1] Figure
1 is a piping diagram showing a schematic
configuration of a  refrigeration system according to
an embodiment. [Fig. 2] Figure 2 is a piping diagram
showing the refrigerant flow in the  refrigeration
system according to the embodiment when the
refrigeration system is  operating. 10 [Fig. 3] Figure
3 is a time chart illustrating first to third actions
in an energy  saving operation mode of the
refrigeration system according to the embodiment.
[Fig. 4] Figure 4 is a control flow chart illustrating
control on switching between  a normal operation mode
and an energy saving operation mode of the
refrigeration system  according to the embodiment. 15
List of Reference Numerals [0062] 1 refrigeration
system  10 refrigerant circuit  11 compressor 14
cooling heat exchanger (evaporator)  20 16 internal
fan 35 suction proportional valve (flow regulator
valve, capacity regulator)  Best Mode for Carrying Out
the Invention [0063] An embodiment of the present
invention will be described below in detail with  25
reference to the drawings. [0064] The refrigeration
system (1) of this embodiment is used for cooling the
interior of  a cold storage in a container for use in
sea transport or other transports. The refrigeration
19  system (1) includes a refrigerant circuit (10)
operating in a vapor compression refrigeration  cycle
by circulating refrigerant therethrough. [0065] The
refrigerant circuit (10) includes, as main components,
a compressor (11), a  condenser (12), an expansion
valve (13) and an evaporator (14) all connected
therein. 



5 [0066] The compressor (11) is composed of a fixed
displacement scroll compressor  whose motor has a
constant rotational speed. The condenser (12) is
placed outside the cold  storage and constitutes a
so-called air-cooled condenser. Disposed close to the
condenser  (12) is an external fan (15) for feeding
external air to the condenser (12). Furthermore, the
condenser (12) provides heat exchange between
refrigerant therein and outside air fed 10 thereto by
the external fan (15). Also disposed close to the
condenser (12) is an outside  temperature sensor (OS).
The outside temperature sensor (OS) detects the
temperature of  the external air (outside air) to be
fed to the condenser (12). [0067] The expansion valve
(13) is composed of an electronic expansion valve
regulatable in opening. The opening of the expansion
valve (13) is regulated according to  15 the degree of
superheat of refrigerant flowing out of the evaporator
(14). [0068] The evaporator (14) is placed in the cold
storage in the container and constitutes  a cooling
heat exchanger for cooling the interior of the cold
storage. Disposed close to the  evaporator (14) is an
internal fan (16) for feeding air in the cold storage
in the container to  the evaporator (14) while
circulating the air in the cold storage. The
evaporator (14) 20 provides heat exchange between
refrigerant therein and air in the cold storage fed
thereto  by the internal fan (16). Also disposed close
to the evaporator (14) are two temperature  sensors.
Specifically, a suction temperature sensor (RS) for
detecting the temperature of  the air in the cold
storage to be fed to the evaporator (14) is disposed
close to the  evaporator (14) and upstream thereof in
the flow of the air in the cold storage. On the other
25 hand, a blowoff temperature sensor (SS) for
detecting the temperature of the air in the cold
storage having passed through the evaporator (14) is
disposed close to the evaporator (14)  and downstream
thereof in the flow of the air in the cold storage. 20
[0069] A discharge pipe (21) of the compressor (11) is
connected via a check valve (31)  and a discharge
pressure regulating valve (32) to the inflow end of
the condenser (12). The outflow end of the condenser
(12) is connected via a receiver (33), a first
solenoid  valve (41) and a high-pressure channel (34a)
of an economizer heat exchanger (34) to the  



5 expansion valve (13). A suction pipe (22) of the
compressor (11) is connected via a suction
proportional valve (35) to the outflow end of the
evaporator (14). The inflow end of the  evaporator
(14) is connected to the expansion valve (13). [0070]
The economizer heat exchanger (34) provides heat
exchange between refrigerant  flowing through the
above-mentioned high-pressure channel (34a) and
refrigerant flowing  10 through a low-pressure channel
(34b). The inflow end of the low-pressure channel
(34b) is connected via a capillary tube (36) and a
second solenoid valve (42) to the piping between  the
condenser (12) and the receiver (33). The outflow end
of the low-pressure channel  (34b) is connected to an
intermediate suction port (11a) of the compressor
(11). The  intermediate suction port (11a) opens at a
midpoint of passage along which refrigerant is  15
compressed in the compression mechanism of the
compressor (11). [0071] The suction proportional valve
(35) constitutes a flow regulator valve for
regulating the refrigerant circulation amount in the
refrigerant circuit (10) by regulating the  amount of
refrigerant to be sucked into the compressor (11). In
other words, the suction  proportional valve (35)
constitutes a capacity regulator for regulating the
cooling capacity 20 of the evaporator (14) by
regulating the refrigerant circulation amount. The
opening of the  suction proportional valve (35) is
regulated according to the detected temperature of an
unshown internal cold storage temperature sensor
disposed in the interior of the cold  storage in the
container. [0072] The refrigerant circuit (10)
includes a first defrosting pipe (23), a second  25
defrosting pipe (24), a discharge gas bypass pipe (25)
and a liquid injection pipe (26) all of  which are
connected therein. [0073] The first defrosting pipe
(23) and the second defrosting pipe (24) are pipes for
a 21  defrosting operation of feeding refrigerant
discharged by the compressor (11) to the  evaporator
(14) to melt frost adhering to the evaporator (14).
The first defrosting pipe (23)  and the second
defrosting pipe (24) are connected at their one ends
to the piping between  the check valve (31) and the
discharge pressure regulating valve (32) and connected
at 



5 their other ends to the piping between the expansion
valve (13) and the evaporator (14).  The first
defrosting pipe (23) is provided with a third solenoid
valve (43) that are opened  during a defrosting
operation. The second defrosting pipe (24) is provided
with a fourth  solenoid valve (44) that are opened
during the defrosting operation, and a drain pan
heater  (37). The drain pan heater (37) is disposed in
a drain pan for receiving frost and dew 10
condensation water dropped off from the surface of the
evaporator (14) in the cold storage  of the container.
Therefore, when refrigerant discharged by the
compressor (11) flows  through the drain pan heater
(37) during the defrosting operation, frost and ice
blocks of  dew condensation water recovered in the
drain pan take heat from the refrigerant  discharged
by the compressor (11) and thereby melt. During the
defrosting operation, the  15 discharge pressure
regulating valve (32) is set to a fully closed
position. [0074] The discharge gas bypass pipe (25) is
a pipe for returning the refrigerant  discharged by
the compressor (11) to the suction side of the
compressor (11), such as when  the cooling capacity of
the evaporator (14) is excessive. The discharge gas
bypass pipe (25)  serves also as an oil return pipe
for returning refrigerating machine oil in the
refrigerant 20 discharged from the compressor (11) to
the suction side of the compressor (11). The
discharge gas bypass pipe (25) is connected at one end
to the piping between the check  valve (31) and the
fourth solenoid valve (44) and connected at the other
end to the piping  between the evaporator (14) and the
suction proportional valve (35). The discharge gas
bypass pipe (25) is provided with a fifth solenoid
valve (45) that is appropriately opened  25 according
to operating conditions. [0075] The liquid injection
pipe (26) is a pipe for returning liquid refrigerant
obtained by  condensation in the condenser (12) to the
suction side of the compressor (11), that is, for 22
so-called liquid injection. The liquid injection pipe
(26) is connected at one end to the  piping between
the first solenoid valve(41) and the economizer heat
exchanger (34) and  connected at the other end to the
piping between the suction proportional valve (35) and
the compressor (11). The liquid injection pipe (26) is
provided with a sixth solenoid valve 



5 (46) that is appropriately opened according to
operating conditions. [00761 The refrigeration system
(1) is provided also with an unshown controller. In
the  controller, the desired temperature in the
interior of the cold storage in the container is set
as a set temperature TS. Furthermore, in the
controller, upper and lower limits are set as a
desired range of internal cold storage temperatures in
an energy saving operation mode 10 whose details will
be described later. Specifically, set in the
controller are a maximum  temperature Tmax, which is
the upper limit of a desired range of internal cold
storage  temperatures, and a minimum temperature Tmin,
which is the lower limit thereof.  Furthermore, the
controller is provided with a temperature correction
means for correcting  the maximum temperature Tmax and
the minimum temperature Tmin during the energy  15
saving operation mode. [00771 - Operational Behavior
The refrigeration system (1) is capable of a freezing
operation for freezing stored  goods in the cold
storage of the container by cooling the internal cold
storage temperature  below zero degrees Celsius, a
chilling operation (chilled operation) for chilling
stored 20 goods in the cold storage by cooling the
internal cold storage temperature with higher
temperatures than zero degrees Celsius and the
above-mentioned defrosting operation.  Now, a
description is given of the chilling operation which
is a feature of the present  invention. [0078) In the
chilling operation, the refrigeration system can
operate in a normal  25 operation mode or an energy
saving operation mode. The normal operation mode is an
operation mode in which the compressor (11) is
continuously driven and the air in the cold  storage
is continuously cooled by the evaporator (14) to chill
stored goods in the cold 23  storage. On the other
hand, the energy saving operation mode is an operation
mode in  which the compressor (11) is intermittently
driven and the air in the cold storage is semi-
continuously cooled by the evaporator (14) to chill
stored goods in the cold storage while  saving energy
of the refrigeration system (1). 



5 [0079] <Normal Operation Mode> First, a description
is given of the normal operation mode of the
refrigeration  system (1) with reference to Figure 2.
In the normal operation mode, the compressor (11) is
continuously driven and the openings of the expansion
valve (13) and the suction  proportional valve (35)
are appropriately regulated. Furthermore, in the
normal operation 10 mode, the first and second
solenoid valves (41, 42) are in principle opened, the
third to  sixth solenoid valves (43, 44, 45, 46) are
in principle closed and the external fan (15) and  the
internal fan (16) are driven at normal rotational
speed. [00801 The refrigerant compressed by the
compressor (11) flows through the discharge  pipe (21)
and then into the condenser (12). In the condenser
(12), the refrigerant releases  15 heat to the outside
air to condense. Thereafter, part of the refrigerant
flows via the receiver (33) into the high-pressure
channel (34a) of the economizer heat exchanger (34)
and the  rest is reduced in pressure in the course of
passage through the capillary tube (36) and then
flows into the low-pressure channel (34b) of the
economizer heat exchanger (34). [0081] In the
economizer heat exchanger (34), the refrigerant
flowing through the low- 20 pressure channel (34b)
takes heat from the refrigerant flowing through the
high-pressure  channel (34a) to evaporate. In other
words, the economizer heat exchanger (34) supercools
the refrigerant flowing through the high-pressure
channel (34a). The refrigerant evaporated  in the
low-pressure channel (34b) is sucked through the
intermediate suction port (11a)  into the compressor
(11). 25 [00821 The refrigerant supercooled in the
high-pressure channel (34a) is reduced in  pressure
upon passage through the expansion valve (13) and then
flows into the evaporator  (14). In the evaporator
(14), the refrigerant takes heat from the air in the
cold storage to 2 4 evaporate. As a result, the
interior of the cold storage in the container is
cooled. The  refrigerant evaporated in the evaporator
(14) passes through the suction proportional valve
(35) and is then sucked into the compressor (11).
[0083] <Energy Saving Operation Mode> 



5 Next, a description is given of the energy saving
operation mode of the  refrigeration system (1). In
the energy saving operation mode, control actions from
the first  to third as shown in Figure 3 are repeated
by the controller. Note that the principal
refrigerant flow in the refrigeration system (1) in
the energy saving operation mode is the  same as in
the normal operation mode. 10 [0084] In the first
action, the compressor (11) is driven and the internal
fan (16) is driven  at a normal rotational speed.
Furthermore, during the first action, the cooling
capacity of  the evaporator (14) is regulated so that
the internal cold storage temperature is kept at the
set temperature TS. [0085] Specifically, during the
first action, the opening of the suction proportional
valve  15 (35) is regulated by PI control based on the
set temperature TS and the detected  temperature of
the internal cold storage temperature sensor. As a
result, the refrigerant  circulation amount in the
refrigerant circuit (10) is regulated according to the
opening of  the suction proportional valve (35),
whereby the cooling capacity of the evaporator (14) is
also regulated. 20 [0086] When the cooling capacity of
the evaporator (14) is regulated while the opening  of
the suction proportional valve (35) is throttled in
the above manner, refrigerant is likely  to become wet
over the entire area of the evaporator (14). If the
cooling capacity of the  evaporator were regulated by
regulating the opening of the electronic expansion
valve on  the inflow side of the evaporator,
refrigerant flowing through the evaporator would be on
25 the dry side and would be likely to cause
temperature variations from inflow end to  outflow end
of the evaporator. On the other hand, when the cooling
capacity of the  evaporator (14) is regulated while
the opening of the suction proportional valve (35) is
25  throttled, this uniformizes the temperature
distribution of refrigerant from inflow end to
outflow end of the evaporator (14). As a result, the
air in the cold storage can be relatively  uniformly
cooled, thereby enhancing the controllability of
internal cold storage  temperature by the evaporator
(14). 



5 [0087] After the first action, the second action is
carried out. Note that in this  embodiment a
transition from first to second action is made when a
time set in the  controller has passed since a first
action start point tO in time. The set time is a
period of  time long enough to keep the internal cold
storage temperature at the set temperature TS by
cooling of the evaporator (14) and, in this
embodiment, it is approximately two minutes. 10
Specifically, in the energy saving operation mode,
when two minutes has passed since the  time point tO
and a time point tl at which it is determined that the
internal cold storage  temperature is surely kept at
the desired temperature has come, a transition from
first to  second action is made. [0088] In the second
action, as time passes since the time point t l, the
cooling capacity  15 of the evaporator (14) is
gradually increased and accordingly the internal cold
storage  temperature is gradually decreased.
Specifically, in the second action, the compressor
(11)  continues to be driven and the internal fan (16)
is still driven at the normal rotational speed.  In
contrast to the first action, in the second action,
the opening of the suction proportional  valve (35) is
regulated to become gradually larger since the time
point tl. As a result, the 20 refrigerant circulation
amount in the refrigerant circuit (10) gradually
increases and the  cooling capacity of the evaporator
(14) also gradually increases. [0089] When' the
internal cold storage temperature decreases to the
minimum  temperature Tmin by the above regulation of
the opening of the suction proportional valve  (35), a
transition from second to third action is made. In
other words, the third action is 25 started from a
time point t2 at which the internal cold storage
temperature reaches the  minimum temperature Tmin.
Note that the opening of the suction proportional
valve (35) is  regulated stepwise to increase 10%
every 10 seconds after the time point t1. As a result,
the 26  internal cold storage temperature relatively
slowly decreases, which avoids that after the
transition from second to third action, the internal
cold storage temperature falls below the  minimum
temperature Tmin, i.e., a so-called undershoot occurs.
[00901 In the third action, the compressor (11) is
immediately stopped. As a result, the  



5 refrigeration cycle in the refrigerant circuit (10)
is stopped to substantially stop the  evaporator (14)
cooling the interior of the cold storage, whereby the
internal cold storage  temperature gradually rises.
Furthermore, during the third action, the internal fan
(16) is  driven at a smaller rotational speed than the
normal rotational speed. When, as described  above,
the rotational speed of the internal fan (16) is lower
than those during the first and 10 second actions, the
quantity of heat due to rotation of the internal fan
(16) is reduced,  whereby the rate of increase in
internal cold storage temperature during the third
action is  also reduced. In changing the rotational
speed of the internal fan (16), in order to reduce an
abrupt torque variation of the internal fan (16), the
internal fan (16) is once stopped and  then
immediately driven at a low rotational speed.
Furthermore, during the third action, the 15 opening
of the suction proportional valve (35) is held as it
is at the end of the second action  (the time point
t2). [00911 When the internal cold storage temperature
gradually rises and then reaches the  maximum
temperature Tmax by the above third action, a
transition from third to first  action is made. In
other words, the first action is started from a time
point t3 at which the 20 internal cold storage
temperature reaches the maximum temperature Tmax. As a
result, the  compressor (11) is driven again and the
internal fan (16) is driven at the normal rotational
speed. Furthermore, the opening of the suction
proportional valve (35) held during the  third action
is adopted as an initial opening in the first action
and, then, the opening of the  suction proportional
valve (35) is regulated by PI control based on the set
temperature TS 25 and the detected temperature of the
internal cold storage temperature sensor. Therefore,
the  opening of the suction proportional valve (35) at
the start of the first action is the same as  that at
the end of the second action during which the cooling
capacity of the evaporator 27  (14) has been increased
to cool the air in the cold storage. As a result, the
refrigerant  circulation amount is ensured from the
start of the first action at which the internal cold
storage temperature reaches the maximum temperature
Tmax to restart the compressor (11)  and the air in
the cold storage is then rapidly cooled to gradually
approach the desired  



5 temperature again. [0092] <Learning Control on
Maximum Temperature And Internal Cold Storage
Temperature> In the energy saving operation mode, for
example, under conditions of relatively  low outside
temperatures, the internal cold storage temperature is
likely to drop when the  10 cooling capacity of the
evaporator (14) is increased during the second action.
Therefore, even if during the second action the
internal cold storage temperature reaches the minimum
temperature Tmin to provide a transition to the third
action, the internal cold storage  temperature may
fall below the minimum temperature Tmin. On the other
hand, under  conditions of relatively high outside
temperatures, the internal cold storage temperature is
15 likely to rise when the compressor (11) is stopped
during the third action. Therefore, even  if during
the third action the internal cold storage temperature
reaches the maximum  temperature Tmax to provide a
transition to the first action, the internal cold
storage  temperature may rise above the maximum
temperature Tmax. In order to avoid that the  internal
cold storage temperature deviates from the desired
temperature range owing to the 20 above outside
temperature conditions, the refrigeration system (1)
of this embodiment  executes the following learning
control in the energy saving operation mode. [0093] In
the energy saving operation mode, whether the internal
cold storage  temperature falls below the minimum
temperature Tmin or not is determined during a
predetermined determination period of time (for
example, 60 seconds) since the third 25 action start
point (time point t2). Specifically, when the internal
cold storage temperature  falls below the minimum
temperature Tmin during the above determination period
of time  under relatively low outside temperature
conditions, the controller detects this and sets a 28
flag. Note that even if the internal cold storage
temperature falls below the minimum  temperature Tmin
several times during the determination period of time
of 60 seconds, the  flag is turned on only once.
Furthermore, when the internal cold storage
temperature does  not fall below the minimum
temperature Tmin during a determination period of time
of 60 



5 seconds in the third action of the next cycle, the
flag is reset. Furthermore, when the energy  saving
operation is continuously carried out and the flag is
thereby turned on three times  one after another, the
temperature correction means of the controller
corrects the minimum  temperature Tmin to raise it.
According to this correction of the temperature
correction  means, if the current minimum temperature
Tmin is, for example, 4.5C, the temperature, 10 4.6C,
which is a value obtained by adding a correction
value, 0.1 C, to Tmin, is set as an  updated minimum
temperature Tmin'. As a result, when the internal cold
storage  temperature reaches the corrected minimum
temperature Tmin' (4.6C) during the second  action of
a cycle after the correction, a transition to the
third action is made. Therefore, it  can be avoided
that the internal cold storage temperature falls below
the minimum 15 temperature Tmin (4.5C) that is the
lower limit of the initial desired temperature range.
[0094] Furthermore, in the energy saving operation
mode, whether the internal cold  storage temperature
rises above the maximum temperature Tmax or not is
determined  during a predetermined determination
period of time (for example, 30 seconds) since the
point of transition from the third action to the first
action (time point t3). Specifically, 20 when the
internal cold storage temperature rises above the
maximum temperature Tmax  during the above
determination period of time under relatively high
outside temperature  conditions, the controller
detects this and sets a flag. Note that even if the
internal cold  storage temperature rises above the
maximum temperature Tmax several times during the
determination period of time of 30 seconds, the flag
is turned on only once. Furthermore, 25 when the
internal cold storage temperature does not rise above
the maximum temperature  Tmax during a determination
period of time of 30 seconds in the third action of
the next  cycle, the flag is reset. Furthermore, when
the energy saving operation is continuously 29
carried out and the flag is thereby turned on three
times one after another, the temperature  correction
means of the controller corrects the maximum
temperature Tmax to lower it.  According to this
correction of the temperature correction means, if the
current maximum  temperature Tmax is, for example,
5.5C, the temperature 5.4C, which is a value obtained 



5 by subtracting a correction value, 0.1'C, from Tmax,
is set as an updated maximum  temperature Tmax'. As a
result, when the internal cold storage temperature
reaches the  corrected maximum temperature Tmax'
(5.4C) during the third action of a cycle after the
correction, a transition to the first action is made.
Therefore, it can be avoided that the  internal cold
storage temperature rises above the maximum
temperature Tmax (5.5C) that  10 is the upper limit of
the initial desired temperature range. [00951 However,
particularly under conditions of significantly high
outside temperatures,  it can be inferred that even if
the above learning control has been carried out, the
internal  cold storage temperature may rise above the
maximum temperature Tmax. Therefore, if the  flag is
turned on five times one after another since the
determination period of time of 30 15 seconds after
the start of the first action, the operation mode is
automatically switched  from the energy saving
operation mode to the above-mentioned normal operation
mode. As  a result, under such conditions of
significantly high outside temperatures, the internal
cold  storage temperature is surely kept at the
desired temperature by the normal operation mode.
[00961 <Automatic Switch Control Between Normal
Operation And Energy Saving  20 Operation>
Furthermore, the refrigeration system of this
embodiment automatically switches  the operation mode
between normal operation and energy saving operation
in the following  manner. [0097] As shown in Figure 4,
the normal operation is first carried out and, in the
25 subsequent step S1, a comparison is made between
the suction temperature RT detected by  the suction
temperature sensor (RS) and the desired temperature TS
in the interior of the  cold storage. If, in the
comparison, the suction temperature RT is beyond the
range of 30  desired temperature TS  3.0C, the
internal cold storage temperature is needed to be
promptly brought close to within the desired
temperature range and, therefore, the normal
operation is continued. On the other hand, if the
suction temperature RT falls within the  range of
desired temperature TS  3.0C, the internal cold
storage temperature is already 



5 kept within the desired temperature range, which
eliminates the need to continuously drive  the
compressor (11). Therefore, the control proceeds to
step S2 and, in step S2, the energy  saving operation
is carried out. [0098] In the energy saving operation,
the time taken in one cycle from the start of the
first action to the end of the third action is
measured. Then, in step S3, a comparison is  10 made
between the time taken in one cycle and the
predetermined set time (for example,  180 seconds).
[0099] Meanwhile, when the compressor (11) is stopped
in the third action under  conditions of significantly
high outside temperatures, the time until the air in
the cold  storage having the minimum temperature Tmin
as shown in Figure 3 reaches the maximum 15
temperature Tmax (t3-t2) is extremely shortened, which
shortens also the time taken in one  cycle of energy
saving operation. Therefore, if, under such
conditions, the energy saving  operation is continued,
the number of on/off times of the compressor (11)
becomes large,  resulting in a shortened lifetime of
the compressor (11). To cope with this, if the outside
temperature is significantly high and the time taken
in one cycle is determined to be shorter 20 than the
set time in step S3, the energy saving operation is
terminated (step S4) and the  normal operation is then
restarted (step S5). As a result, the compressor (11)
is  continuously driven, thereby elongating the
lifetime of the compressor (11). [0100] Furthermore,
in step S5, concurrently with the start of the normal
operation, the  outside temperature OT1 at that time
is measured by the outside temperature sensor (OS).
25 Thereafter, in step S6, the current outside
temperature OT2 is appropriately measured since
immediately after the start of the normal operation.
Thus, if the current outside temperature  OT2 is a
predetermined set temperature (for example, 5C) or
more lower than the outside 31  temperature OT1 at the
start of the normal operation, it is assumed that the
outside  temperature has dropped 5C or more since the
end of the previous energy saving  operation and the
energy saving operation can be restarted. Therefore,
the control goes  back to step S1 and whether the
energy saving operation should be started or not is 



5 determined therein. On the other hand, if the
current outside temperature OT2 is not a set
temperature or more lower than the outside temperature
OTl at the start of the normal  operation, it is
assumed that the outside temperature is still high and
unsuitable for the  energy saving operation.
Therefore, the control does not go to step S I .
[01011 Note that in the refrigeration system (1), the
above-described defrosting operation  10 is carried
out periodically (for example, every four hours)
irrespective of the operation  mode. Therefore, after
the defrosting operation, the normal operation is
carried out and  whether the energy saving operation
should be started or not is determined in step S 1.
[01021 <Prohibitive Control of Energy Saving
Operation> Furthermore, in the refrigeration system of
this embodiment, when the  15 accumulated number of
on/off times of the compressor (11) exceeds a
predetermined set  number of times, such as owing to
the energy saving operation, only the normal operation
is allowed and the energy saving operation is
prohibited. Specifically, the refrigeration  system
successively counts the number of ON/OFF times of a
magnet switch for on/off  control of the compressor
(11). In this case, a time the magnet switch has been
turned from 20 OFF to ON is counted as one on/off
time. On the other hand, in the controller, a
predetermined maximum allowable number of on/off times
(for example, 200000 times) is  set according to the
specification of the compressor (11). Thus, if the
number of on/off  times of the compressor (11) exceeds
200000, such as owing to the above energy saving
operation, the energy saving operation is prohibited
and only the normal operation can be  25 carried out.
[01031 - Effects of Embodiment  According to the above
embodiment, the following effects are exhibited. 32
[0104] According to the above embodiment, since the
compressor (11) is intermittently  driven during the
energy saving operation mode, this reduces the
operating power of the  compressor (11) and in turn
enhances the energy saving performance of the
refrigeration  system (1). 



5 [0105] Particularly in the energy saving operation
mode in the above embodiment, as  shown in Figure 3,
the internal cold storage temperature is once lowered
to the minimum  temperature Tmin by the second action
and the compressor (11) is then stopped. Therefore,
the period of the third action until the internal cold
storage temperature reaches the  maximum temperature
Tmax after the stop of the compressor (11) can be
extended, 10 whereby the operating time of the
compressor (11) during the energy saving operation
mode can be effectively reduced. Hence, the operating
power of the compressor (11)  during the energy saving
operation mode can be reduced to a great extent and,
in turn, the  energy saving performance of the
refrigeration system (1) can be effectively enhanced.
[01061 Furthermore, in the energy saving operation
mode, the capacity of the evaporator 15 (14) and the
on/off switching of the compressor (11) are controlled
so that the internal cold  storage temperature changes
within the allowable temperature range between the
minimum  temperature Tmin, i.e., the lower limit of
the allowable temperature range, and the  maximum
temperature Tmax, i.e., the upper limit thereof.
Therefore, it can be avoided that  in the energy
saving operation mode, the internal cold storage
temperature deviates from 20 the allowable temperature
range. This enhances the reliability of the
refrigeration system  M. [0107] Furthermore, in the
above embodiment, the cooling capacity of the
evaporator  (14) is regulated by regulating the
opening of the suction proportional valve (35). When
the cooling capacity of the evaporator (14) is thus
regulated while the opening of the 25 suction
proportional valve (35) is regulated, the refrigerant
becomes on the wet side over  the entire area of the
evaporator (14). Therefore, the air in the cold
storage can be relatively  uniformly cooled by the
evaporator (14). As a result, in the first action of
the energy saving 33  operation mode, the internal
cold storage temperature can be promptly and surely
brought  close to the desired temperature.
Furthermore, since during the second action the
compressor (11) can be surely stopped at the time when
the internal cold storage  temperature reaches the
lower limit, it can be avoided that during the
subsequent third 



5 action the internal cold storage temperature falls
below the lower limit. [0108] Furthermore, in the
second action, even if the cooling capacity of the
evaporator  (14) is increased by regulating the
opening of the suction proportional valve (35), the
operating capacity of the compressor (11) does not
change. Therefore, in the second action,  the cooling
capacity of the evaporator (14) can be increased
without increasing the 10 operating power of the
compressor (11). Hence, the energy saving performance
of the  refrigeration system (1) can be further
enhanced. [01091 Furthermore, in the above embodiment,
the internal fan (16) is driven, during the  third
action, at a lower rotational speed than during the
first and second actions. Therefore,  during the third
action, the quantity of heat owing to driving of the
motor for the internal 15 fan (16) can be reduced.
Hence, the period of the third action until the
internal cold storage  temperature reaches the maximum
temperature Tmax after the stop of the compressor (11)
can be extended. This extends the stopping period of
time of the compressor (11) and in  turn further
enhances the energy saving performance of the
refrigeration system (1). [0110] Furthermore, in the
energy saving operation mode in the above embodiment,
the  20 refrigeration system carries out a so-called
learning control of correcting the maximum
temperature Tmax and the minimum temperature Tmin
based on the internal cold storage  temperature.
Therefore, the internal cold storage temperature can
be avoided from falling  below the minimum temperature
Tmin and rising above the maximum temperature Tmax,
whereby the internal cold storage temperature can be
surely avoided from deviating from 25 the allowable
temperature range also in the energy saving operation
mode. Hence, the  reliability of the refrigeration
system (1) can be further enhanced. [0111]
Furthermore, in the above embodiment, whether a
transition from normal to 34  energy saving operation
should be made or not is determined based on the
suction  temperature (RT) of the air in the cold
storage before flowing into the cooling heat
exchanger (14). Then, the normal operation is
continued until the suction temperature RT  falls
within the desired temperature range. In this case,
the suction temperature RT is a 



5 temperature of the air in the cold storage before
being cooled by the cooling heat  exchanger (14) and,
therefore, a temperature close to the actual internal
cold storage  temperature. Therefore, if whether a
transition from normal to energy saving operation
should be made or not is determined based on the
suction temperature RT, the refrigeration  system can
make a transition to the energy saving operation after
it promptly brings the 10 actual internal cold storage
temperature within the desired temperature range.
Hence,  stored goods in the cold storage can be surely
cooled within the desired temperature range,  which
allows the refrigeration system (1) to perform an
operation placing great importance  on the quality of
stored goods. [0112] On the other hand, in the above
embodiment, when the time taken in one cycle of  15
energy saving operation is shorter than the
predetermined set time, a transition to the  normal
operation is automatically made. In other words, in
the above embodiment, when  the number of on/off times
of the compressor (11) during g the energy saving
operation is  large, a transition from energy saving
operation to normal operation is made. Therefore, the
number of on/off times of the compressor (11) can be
reduced, which provides an  20 elongated lifetime of
the compressor (11). [0113] <Other Control Manners>
The refrigeration system (1) of the above embodiment
may carry out the following  controls. [0114] In the
above embodiment, in the third action in which the
compressor (11) is  25 stopped, the quantity of heat
liberated from the internal fan (16) is reduced by
driving the  internal fan (16) at a low speed.
However, in the third action, the internal fan (16)
may be  fully deactivated. In this case, since no heat
is liberated from the fan motor of the internal 35
fan (16) during the third action, this actively
restrains temperature increase in the cold  storage
during the third action. Therefore, the stopping
period of time of the compressor  (11) can be further
extended, which effectively reduces the power
consumption of the  refrigeration system (1). In
addition, the operating power of the internal fan (16)
is also 



5 reduced by a quantity of power corresponding to the
period of time during which the  internal fan (16) is
deactivated during the third action. This further
enhances the energy  saving performance of the
refrigeration system (1). [0115] In the energy saving
operation mode in the above embodiment, the cooling
capacity of the evaporator (14) is gradually increased
during the second action by stepwise  10 making the
opening of the suction proportional valve (35) larger.
However, the cooling capacity of the evaporator (14)
may be increased by a control of increasing the
opening of  the suction proportional valve (35) to
twice immediately after the start of the second action
or by a PI control aiming at the minimum temperature
Tmin based on the detected value of  the internal cold
storage temperature sensor. 15 [0116] Furthermore, in
the energy saving operation mode in the above
embodiment, the  minimum temperature Tmin is set, the
internal cold storage temperature is once lowered to
the minimum temperature Tmin during the second action
and the compressor (11) is then  stopped. However, the
compressor (11) may be stopped without lowering the
internal cold  storage temperature during the second
action. In this case, the third action is terminated
20 when the internal cold storage temperature reaches
from the set temperature TS to the  maximum
temperature Tmax after the stop of the compressor
(11). Therefore, the stopping  period of time of the
compressor (11) can be shortened as compared to the
above  embodiment. However, also in this case, the
quantity of heat due to driving of the internal  fan
(16) during the third action can be reduced by driving
the internal fan (16) at a lower 25 rotational speed
than during the first action, thereby reducing the
rate of increase in the  internal cold storage
temperature during the third action. Hence, also in
this case, the  stopping period of time of the
compressor (11) can be extended, whereby the energy of
the 36  refrigeration system (1) can be saved by the
power reduction of the compressor (11). [0117]
Furthermore, in the energy saving operation mode in
the above embodiment, the  opening of the suction
proportional valve (35) at the end of the second
action is maintained  until the end of the third
action, i.e., the start of the first action. However,
during the third 



5 action, the opening of the suction proportional
valve (35) may be fixed to a predetermined  opening
independent of the opening at the end of the second
action or may be regulated,  for example, according to
the internal cold storage temperature. [0118]
Furthermore, in the energy saving operation mode in
the above embodiment, the  suction proportional valve
(35) is used as a capacity regulator for regulating
the cooling  10 capacity of the evaporator (14).
However, the cooling capacity of the evaporator (14)
can be regulated, for example, by regulating the
opening of the electronic expansion valve  upstream of
the evaporator (14) or regulating the capacity of the
compressor. [0119] Furthermore, in the above
embodiment, whether a transition from normal to
energy saving operation should be made or not is
determined based on the suction  15 temperature RT of
the air in the cold storage to be fed into the cooling
heat exchanger (14). However, when the blowoff
temperature ST of the air in the cold storage after
passing  through the cooling heat exchanger (14) is
detected by the blowoff temperature sensor (SS)  and
the blowoff temperature ST falls within a
predetermined set temperature range  including a
desired temperature, a transition from normal to
energy saving operation may 20 be made. The blowoff
temperature ST is slightly lower than the suction
temperature RT.  Therefore, in this case, the timing
of transition from normal to energy saving operation
is  advanced as compared to the above embodiment. In
other words, in this case, the energy  saving
operation is carried out with a higher frequency than
in the above embodiment.  Therefore, the refrigeration
system (1) in this case can perform an operation
placing greater  25 importance on energy saving
performance. [0120] Furthermore, in the above
embodiment, when the time taken in one cycle of
energy saving operation from the start of the first
action to the end of the third action is 37  beyond
the predetermined set time, a transition to the normal
operation is made. However,  when during the energy
saving operation the time taken in the third action in
which the  compressor (11) is stopped becomes longer
than a predetermined set time, a transition to  the
normal operation may be made. Also -in this case, the
number of on/off times of the 



5 compressor (11) can be reduced, thereby providing an
elongated lifetime of the compressor  (11). [0121] The
above embodiments are merely preferred embodiments in
nature and are not  intended to limit the scope,
applications and use of the invention. 10 Industrial
Applicability [0122] As can be seen from the above
description, the present invention is useful for a
method for energy saving operation of a refrigeration
system with a cooling heat exchanger  for cooling the
interior of a cold storage. 38  Claims 1. A
refrigeration system including a refrigerant circuit
in which a compressor and a  cooling heat exchanger
for cooling the interior of a cold storage are
connected, the  5 refrigeration system operating in a
refrigeration cycle by circulating refrigerant through
the  refrigerant circuit, wherein the refrigeration
system further includes a capacity regulator for
regulating the  cooling capacity of the cooling heat
exchanger to bring the internal cold storage
temperature to a desired temperature, and 10 the
refrigeration system is configured, to be capable of
energy saving operation  including: a first action in
which the compressor is driven while the cooling
capacity of the  cooling heat exchanger is regulated
by the capacity regulator; a second action in which
when the internal cold storage temperature is held at
the  15 desired temperature during the first action,
the cooling capacity of the cooling heat  exchanger is
increased by the capacity regulator to lower the
internal cold storage  temperature to a lower limit of
a desired temperature range containing the desired
temperature and the compressor is then stopped; and a
third action in which when the internal cold storage
temperature reaches an upper  20 limit of the desired
temperature range after the stop of the compressor by
the second action,  



the compressor is activated to restart the first
action. 2. The refrigeration system of claim 1,
wherein the capacity regulator comprises a flow
regulator valve, connected in the  25 refrigerant
circuit, for regulating the amount of flow of
refrigerant to be sucked into the  compressor, and the
refrigeration system during the second action is
configured to make the 39  opening of the flow
regulator valve larger to increase the cooling
capacity of the cooling  heat exchanger. 3. The
refrigeration system of claim 2, wherein during the
third action the opening of the  5 flow regulator
valve is held as it is at the end of the second
action. 4. The refrigeration system of claim 1,
further including a temperature correction means for
raising the lower limit when the internal cold storage
temperature falls below the lower  limit during the
third action. 10 5. The refrigeration system of claim
1, further including a temperature correction means
for  lowering the upper limit when the internal cold
storage temperature rises above the upper  limit
during the first action. 15 6. The refrigeration
system of claim 1, further including an internal fan,
contained in the  cold storage, for feeding air to the
cooling heat exchanger, the internal fan being rotated
during the third action at a lower speed than during
the first and second actions. 7. The refrigeration
system of claim 1, further including an internal fan,
contained in the  20 cold storage, for feeding air to
the cooling heat exchanger, the internal fan being
deactivated only during the third action. 8. A
refrigeration system including a refrigerant circuit
in which a compressor and a  cooling heat exchanger
for cooling the interior of a cold storage are
connected, the  25 refrigeration system operating in a
refrigeration cycle by circulating refrigerant through
the  refrigerant circuit, wherein 



the refrigeration system further includes a capacity
regulator for regulating the 40  cooling capacity of
the cooling heat exchanger to bring the internal cold
storage  temperature to a desired temperature and an
internal fan, contained in the cold storage, for
feeding air to the cooling heat exchanger, the
refrigeration system is configured to be capable of
energy saving operation  5 including: a first action
in which the compressor is driven while the cooling
capacity of the  cooling heat exchanger is regulated
by the capacity regulator; a second action in which
when the internal cold storage temperature is held at
the  desired temperature during the first action, the
compressor is stopped; and 10 a third action in which
when the internal cold storage temperature reaches an
upper  limit of a desired temperature range containing
the desired temperature after the stop of the
compressor by the second action, the compressor is
activated to restart the first action, and the
refrigeration system is further configured to rotate,
during the third action, the  internal fan at a lower
speed than during the first action. 15 9. The
refrigeration system of any one of claims 1 to 8,
wherein the refrigeration system is configured to be
capable of performing a normal  operation of
continuously driving the compressor while regulating
the cooling capacity of  the cooling heat exchanger
with the capacity regulator, 20 the refrigeration
system further includes a suction temperature sensor
for detecting  the temperature of air in the cold
storage to be fed to the cooling heat exchanger, and
the refrigeration system is further configured to
switch from the normal operation  to the energy saving
operation when during the normal operation the
detected temperature  of the suction temperature
sensor falls within a predetermined temperature range
25 containing the desired temperature. 10. The
refrigeration system of any one of claims I to 8,
wherein 



41  the refrigeration system is configured to be
capable of performing a normal operation of
continuously driving the compressor while regulating
the cooling capacity of  the cooling heat exchanger
with the capacity regulator, the refrigeration system
further includes a blowoff temperature sensor for
detecting  5 the temperature of air in the cold
storage having passed through the cooling heat
exchanger,  and the refrigeration system is further
configured to switch from the normal operation  to the
energy saving operation when during the normal
operation the detected temperature  of the blowoff
temperature sensor falls within a predetermined
temperature range  10 containing the desired
temperature. 11. The refrigeration system of any one
of claims 1 to 8, wherein the refrigeration system is
configured to be capable of performing a normal
operation of driving the compressor while regulating
the cooling capacity of the cooling  15 heat exchanger
with the capacity regulator, and the refrigeration
system is further configured to switch from the energy
saving  operation to the normal operation when during
the energy saving operation the time taken  in one
cycle from the start of the first action to the end of
the third action is equal to or  shorter than a
predetermined period of time. 20 12. The refrigeration
system of any one of claims 1 to 8, wherein the
refrigeration system  is configured to prohibit the
energy saving operation when the accumulated number of
on/off times of the compressor exceeds a predetermined
number of times. 




