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(54) TRANSPORT REFRIGERATION UNIT

(57) The present invention provides a transport re-
frigeration unit which can prevent a decrease in an inside
temperature during defrosting, can perform defrosting
within a short time, and can ensure reliability by appro-
priately adjusting a condensing capacity during a cooling
operation, and suppressing frequent starting and stop-
ping of a compressor during thermo-on/off. In a transport
refrigeration unit 1 having a heat pump-type warming
function, two of a plurality of heat exchangers 8A to 8C
are disposed in parallel with each other outside a refrig-
erator as outside heat exchangers 8A and 8B, one of the

plurality of heat exchangers is disposed inside the refrig-
erator as an inside heat exchanger 8C, and when the
outside heat exchangers 8A and 8B are frosted during a
heat pump warming operation in which the outside heat
exchangers 8A and 8B are caused to function as evap-
orators, and the inside heat exchanger 8C is caused to
function as a condenser, a defrosting operation is per-
formed by stopping refrigerant distribution to the inside
heat exchanger 8C, and causing one of the outside heat
exchangers 8A and 8B to function as a condenser, and
another one to function as an evaporator.
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Description

{Technical Field}

[0001] The present invention relates to a transport re-
frigeration unit having a heat pump-type warming func-
tion and mounted on a refrigerated vehicle, a trailer, or
the like.

{Background Art}

[0002] A transport refrigeration unit having a heat
pump-type warming function has been provided. Exam-
ples thereof are described in PTLs 1 and 2. In the exam-
ples, one end sides of a plurality of heat exchangers are
connected to a discharge side of a compressor each via
a high-pressure gas pipe and a high-pressure on-off
valve, and the one end sides of the plurality of heat ex-
changers are connected to a suction side of the com-
pressor each via a low-pressure gas pipe and a low-pres-
sure on-off valve. Liquid-side pipes including parallel cir-
cuits each having a pressure reducing means with an on-
off valve function (a means in which an on-off valve and
an expansion valve are connected in series with each
other, a means using an electric expansion valve having
an on-off valve function, etc.) and a check valve are con-
nected to the other end sides of the respective heat ex-
changers. The liquid-side pipes are connected together
in communication. A refrigerant circuit is thereby config-
ured.
[0003] One of the plurality of heat exchangers is dis-
posed outside a refrigerator as an outside heat exchang-
er. One or more of the heat exchangers are disposed
inside the refrigerator as an inside heat exchanger. A
refrigerant flow into the respective heat exchangers is
switched by opening or closing the respective high-pres-
sure on-off valves provided in the high-pressure gas
pipes, the respective low-pressure on-off valves provided
in the low-pressure gas pipes, and the on-off valve func-
tions of the respective pressure reducing means with an
on-off valve function provided in the liquid-side pipes. A
cooling operation is performed by causing the outside
heat exchanger to function as a condenser, and the inside
heat exchanger to function as an evaporator. A heat
pump warming operation is performed by causing the
inside heat exchanger to function as a condenser, and
the outside heat exchanger to function as an evaporator.
[0004] On the other hand, PTLs 3 and 4 disclose a
multi-type air-conditioning apparatus, that is, a so-called
cooling/heating free multi-type air-conditioning appara-
tus that can perform a cooling/heating simultaneous op-
eration by employing a refrigerant circuit similar to the
above circuit. In the cooling/heating free multi-type air-
conditioning apparatus, a plurality of outdoor heat ex-
changers are disposed in parallel with each other. When
the outdoor heat exchangers are frosted during a heating
operation, the frosted plurality of outdoor heat exchang-
ers are alternately defrosted by causing one of the out-

door heat exchangers to function as an evaporator, and
another one to function as a condenser while continuing
the heating operation by causing a hot gas refrigerant to
flow through an indoor heat exchanger.

{Citation List}

{Patent Literature}

[0005]

{PTL 1}
The Publication of Japanese Patent No. 5535510
{PTL 2}
Japanese Unexamined Patent Application, Publica-
tion No. 2013-234784
{PTL 3}
Japanese Unexamined Patent Application, Publica-
tion No. Hei3-55474
{PTL 4}
Japanese Unexamined Patent Application, Publica-
tion No. Hei9-26219

{Summary of Invention}

{Technical Problem}

[0006] However, when the efficient heat pump warm-
ing method is employed in the transport refrigeration unit,
there exist many operation conditions in which the out-
side heat exchanger that functions as the evaporator dur-
ing the warming operation is frosted. Especially in cold
districts, the warming operation is often performed. Thus,
the outside heat exchanger is inevitably frosted more fre-
quently. In this case, a defrosting operation is performed
in a reverse cycle, that is, by switching a heat pump warm-
ing cycle to a cooling cycle. In the cooling cycle, however,
the inside heat exchanger acts as the evaporator, and a
refrigerant absorbs heat from inside air. Consequently,
there occurs a problem that an inside temperature is low-
ered during the defrosting operation, and a load may be
damaged.
[0007] On the other hand, when a configuration in
which the plurality of outdoor heat exchangers are dis-
posed in parallel with each other is employed as de-
scribed in PTLs 3 and 4, it is possible to alternately defrost
the frosted outdoor heat exchangers while continuing the
heat pump heating even when the frosting occurs on the
outdoor heat exchangers during the heating operation.
In this case, however, the defrosting is performed while
the heating operation is continued by causing the hot gas
refrigerant to flow through the indoor heat exchanger.
Thus, there is a problem that all of the refrigerant cannot
be used for the defrosting, and a defrosting time is cor-
respondingly increased. Accordingly, the above tech-
nique cannot be directly applied to the transport refriger-
ation unit.
[0008] That is, in a case of an air conditioner for air-
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conditioning a space in which people stay, the continu-
ation of the heating operation is given priority over the
interruption of the heating operation even when it takes
longer to perform the defrosting in order to avoid a situ-
ation in which people feel uncomfortable by a rapid tem-
perature change due to the interruption of the heating
operation by the defrosting operation. However, in a case
of the transport refrigeration unit, the inside of the refrig-
erator having high heat insulation properties is cooled
and warmed. Thus, even when the cooling operation or
the warming operation is temporarily interrupted, the in-
side temperature does not rapidly change. Thus, in view
of ensuring temperature controllability with respect to the
load, it is more desirable that the outside heat exchanger
is defrosted within a short time during the interruption,
and thereby restored to a state in which the warming
operation can be performed.
[0009] The present invention has been made in view
of the above circumstances, and an object thereof is to
provide a transport refrigeration unit employing a heat
pump warming method, which can prevent a decrease
in an inside temperature during defrosting, can perform
defrosting within a short time, and can ensure reliability
by appropriately adjusting a condensing capacity during
a cooling operation, and suppressing frequent starting
and stopping of a compressor during thermo-on/off.

{Solution to Problem}

[0010] A transport refrigeration unit according to a first
aspect of the present invention includes: a compressor;
a plurality of heat exchangers, one end sides of which
are connected to a discharge side of the compressor
each via a high-pressure gas pipe and a high-pressure
on-off valve; low-pressure gas pipes that connect the one
end sides of the plurality of heat exchangers to a suction
side of the compressor each via a low-pressure on-off
valve; and liquid-side pipes that connect together in com-
munication the other end sides of parallel circuits con-
nected to the other end sides of the plurality of heat ex-
changers and each having a pressure reducing means
with an on-off valve function and a check valve, wherein
at least two of the plurality of heat exchangers are dis-
posed in parallel with each other outside a refrigerator
as outside heat exchangers, at least one of the plurality
of heat exchangers is disposed inside the refrigerator as
an inside heat exchanger, and when the outside heat
exchangers are frosted during a heat pump warming op-
eration in which the outside heat exchangers are caused
to function as evaporators, and the inside heat exchanger
is caused to function as a condenser, a defrosting oper-
ation is performed by stopping refrigerant distribution to
the inside heat exchanger, and causing at least one of
the plurality of outside heat exchangers to function as a
condenser, and another one of the plurality of outside
heat exchangers to function as an evaporator.
[0011] In accordance with the first aspect of the present
invention, the one end sides of the plurality of heat ex-

changers connected to the discharge side of the com-
pressor each via the high-pressure gas pipe and the high-
pressure on-off valve are connected to the suction side
of the compressor each via the low-pressure gas pipe
and the low-pressure on-off valve. The liquid-side pipes
including the parallel circuits each having the pressure
reducing means with an on-off valve function and the
check valve are connected to the other end sides of the
plurality of heat exchangers, and the other end sides of
the liquid-side pipes are connected together in commu-
nication. Accordingly, a refrigerant circuit is configured.
Also, at least two of the plurality of heat exchangers are
disposed in parallel with each other outside the refriger-
ator as the outside heat exchangers, and at least one of
the plurality of heat exchangers is disposed inside the
refrigerator as the inside heat exchanger. Therefore, a
cooling operation for cooling the inside of the refrigerator
can be performed by causing the two outside heat ex-
changers disposed outside the refrigerator to function as
condensers, and the single inside heat exchanger dis-
posed inside the refrigerator to function as an evaporator.
The heat pump warming operation for warming the inside
of the refrigerator can be also performed by causing the
single inside heat exchanger disposed inside the refrig-
erator to function as the condenser, and the two outside
heat exchangers disposed outside the refrigerator to
function as the evaporators. Therefore, the warming op-
eration can be performed efficiently with high capacity
by employing the heat pump method. On the other hand,
when the outside heat exchangers are frosted during the
heat pump warming operation, the defrosting operation
is performed by stopping the refrigerant distribution to
the inside heat exchanger, and causing at least one of
the plurality of outside heat exchangers to function as
the condenser, and another one of the plurality of outside
heat exchangers to function as the evaporator. Thus, all
of a hot gas refrigerant discharged from the compressor
can be supplied to at least one of the frosted outside heat
exchangers, and another one of the outside heat ex-
changers can be caused to function as the evaporator,
so that the defrosting operation can be performed with
the refrigerant absorbing heat in the evaporator. There-
fore, the defrosting of the outside heat exchangers can
be performed by using the full capacity (all of the refrig-
erant) of the heat pump without absorbing heat from in-
side air, so that a defrosting operation time can be short-
ened, and a change in an inside temperature during the
defrosting operation can be decreased.
[0012] In the transport refrigeration unit of the first as-
pect of the present invention according to the above
transport refrigeration unit, the plurality of outside heat
exchangers may be sequentially subjected to the defrost-
ing operation by sequentially switching the frosted plu-
rality of outside heat exchangers such that at least one
of the outside heat exchangers functions as a condenser,
and another one of the outside heat exchangers functions
as an evaporator.
[0013] In accordance with the first aspect of the present
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invention, the plurality of outside heat exchangers are
sequentially subjected to the defrosting operation by se-
quentially switching the frosted plurality of outside heat
exchangers such that at least one of the outside heat
exchangers functions as the condenser, and another one
of the outside heat exchangers functions as the evapo-
rator. Accordingly, a refrigerant flow between the plurality
of outside heat exchangers is switched by opening or
closing the high-pressure on-off valves in the high-pres-
sure gas pipes, the low-pressure on-off valves in the low-
pressure gas pipes, and the on-off valve functions of the
pressure reducing means with an on-off valve function
in the parallel circuits of the liquid-side pipes, which are
connected to the respective outside heat exchangers, so
that the plurality of outside heat exchangers can be se-
quentially subjected to the defrosting operation. There-
fore, the plurality of outside heat exchangers can be al-
ternately defrosted by using the full capacity (all of the
refrigerant) of the heat pump. Thus, the defrosting can
be performed within a short time.
[0014] In the transport refrigeration unit of the first as-
pect of the present invention according to any one of the
above transport refrigeration units, air blow systems in-
cluding outside fans for the plurality of outside heat ex-
changers may be provided independently of each other.
[0015] In accordance with the first aspect of the present
invention, the air blow systems including the outside fans
for the plurality of outside heat exchangers are provided
independently of each other. Therefore, the defrosting
operation can be performed by stopping an outside fan
for the outside heat exchanger that functions as the con-
denser, and operating an outside fan for the outside heat
exchanger that functions as the evaporator, during the
defrosting operation. Consequently, it is possible to effi-
ciently perform the defrosting within a short time by in-
creasing an amount of heat absorbed in the outside heat
exchanger that functions as the evaporator, and dissi-
pating the heat in the outside heat exchanger to be de-
frosted.
[0016] In the transport refrigeration unit of the first as-
pect of the present invention according to any one of the
above transport refrigeration units, when a difference be-
tween an inside temperature and a set temperature has
a specified value or more during the defrosting operation,
the warming operation may be performed by opening the
high-pressure on-off valve in the high-pressure gas pipe
connected to the inside heat exchanger, and distributing
a high-pressure gas refrigerant to the inside heat ex-
changer.
[0017] In accordance with the first aspect of the present
invention, when the difference between the inside tem-
perature and the set temperature has the specified value
or more during the defrosting operation, the warming op-
eration may be performed by opening the high-pressure
on-off valve in the high-pressure gas pipe connected to
the inside heat exchanger, and distributing the high-pres-
sure gas refrigerant to the inside heat exchanger. There-
fore, even when the inside temperature rapidly changes

due to some reason during the defrosting operation and
the difference with the set temperature exceeds the spec-
ified value, it is possible to perform the warming operation
while continuing the defrosting operation by partly intro-
ducing the hot gas refrigerant from the compressor into
the inside heat exchanger only by opening the high-pres-
sure on-off valve. Consequently, the inside temperature
is not lowered to a specified value or less during the de-
frosting operation, a quality of a load can be guaranteed
by keeping temperature controllability even during the
defrosting, and reliability of the transport refrigeration unit
can be improved.
[0018] In the transport refrigeration unit of the first as-
pect of the present invention according to any one of the
above transport refrigeration units, when a high pressure
is lowered too much with a condensing capacity becom-
ing excessive during a cooling operation in which the
outside heat exchangers are caused to function as con-
densers, the condensing capacity may be adjusted by
reducing the operation number of the plurality of outside
heat exchangers.
[0019] In accordance with the first aspect of the present
invention, when the high pressure is lowered too much
with the condensing capacity becoming excessive during
the cooling operation in which the outside heat exchang-
ers are caused to function as the condensers, the con-
densing capacity is adjusted by reducing the operation
number of the plurality of outside heat exchangers.
Therefore, for example, in a case in which the cooling
operation is performed under a condition in which an out-
side air temperature is relatively low, the condensing ca-
pacity becomes excessive with respect to a heat ex-
change amount of the inside heat exchanger when all of
the plurality of outside heat exchangers are operated.
Thus, a pressure in a high pressure-side circuit is low-
ered, and a differential pressure between high and low
pressures becomes too small to deviate from a flow rate
adjustable range of an expansion valve. An abnormal
suction pressure of the compressor may be thereby
caused. However, the condensing capacity is adjusted
by reducing the operation number of the plurality of out-
side heat exchangers. Thus, the differential pressure be-
tween the high and low pressures can be maintained
within an appropriate range. Therefore, it is possible to
stably operate the transport refrigeration unit by appro-
priately adjusting the capacity on the outside heat ex-
changer-side corresponding to the heat exchange
amount of the inside heat exchanger, and thereby keep-
ing an operation balance.
[0020] In the transport refrigeration unit of the first as-
pect of the present invention according to any one of the
above transport refrigeration units, heat exchangers hav-
ing different capacities from each other may be employed
as the plurality of outside heat exchangers.
[0021] In accordance with the first aspect of the present
invention, the heat exchangers having different capaci-
ties from each other are employed as the plurality of out-
side heat exchangers. Thus, it is possible to adjust the
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condensing capacity in the plurality of outside heat ex-
changers in multi-stages greater than the number of the
outside heat exchangers by selecting working statuses
of the heat exchangers. Therefore, the condensing ca-
pacity can be finely adjusted under various outside air
temperatures and inside set temperature conditions cor-
responding to the conditions, and the operation can be
more stably performed by maintaining the high and low
pressure difference within an appropriate range. Conse-
quently, it is possible to improve the reliability of the trans-
port refrigeration unit.
[0022] A transport refrigeration unit according to a sec-
ond aspect of the present invention includes: a compres-
sor; a plurality of heat exchangers, one end sides of which
are connected to a discharge side of the compressor
each via a high-pressure gas pipe and a high-pressure
on-off valve; low-pressure gas pipes that connect the one
end sides of the plurality of heat exchangers to a suction
side of the compressor each via a low-pressure on-off
valve; and liquid-side pipes that connect together in com-
munication the other end sides of parallel circuits con-
nected to the other end sides of the plurality of heat ex-
changers and each having a pressure reducing means
with an on-off valve function and a check valve, wherein
at least two of the plurality of heat exchangers are dis-
posed in parallel with each other outside a refrigerator
as outside heat exchangers, at least one of the plurality
of heat exchangers is disposed inside the refrigerator as
an inside heat exchanger, and when an operation time
of the compressor is a specified time or less during ther-
mo-off after an inside temperature reaches a set temper-
ature, the compressor is continuously operated until the
operation time exceeds the specified time by stopping
refrigerant distribution to the inside heat exchanger, and
causing one of the plurality of outside heat exchangers
to function as a condenser, and another one of the plu-
rality of outside heat exchangers to function as an evap-
orator.
[0023] In accordance with the second aspect of the
present invention, the one end sides of the plurality of
heat exchangers connected to the discharge side of the
compressor each via the high-pressure gas pipe and the
high-pressure on-off valve are connected to the suction
side of the compressor each via the low-pressure gas
pipe and the low-pressure on-off valve. The liquid-side
pipes including the parallel circuits each having the pres-
sure reducing means with an on-off valve function and
the check valve are connected to the other end sides of
the plurality of heat exchangers, and the other end sides
of the liquid-side pipes are connected together in com-
munication. Accordingly, a refrigerant circuit is config-
ured. Also, at least two of the plurality of heat exchangers
are disposed in parallel with each other outside the re-
frigerator as the outside heat exchangers, and at least
one of the plurality of heat exchangers is disposed inside
the refrigerator as the inside heat exchanger. Therefore,
a cooling operation for cooling the inside of the refriger-
ator can be performed by causing the two outside heat

exchangers disposed outside the refrigerator to function
as condensers, and the single inside heat exchanger dis-
posed inside the refrigerator to function as an evaporator.
The heat pump warming operation for warming the inside
of the refrigerator can be also performed by causing the
single inside heat exchanger disposed inside the refrig-
erator to function as the condenser, and the two outside
heat exchangers disposed outside the refrigerator to
function as the evaporators. Therefore, the warming op-
eration can be performed efficiently with high capacity
by employing the heat pump method. On the other hand,
after the inside temperature reaches the set temperature
by the cooling operation or the warming operation, ther-
mo-on/off are normally repeated. In this case, if the ther-
mo-on/off are performed within a short time, starting and
stopping of the compressor are frequently repeated, re-
sulting in a malfunction and a decrease in service life.
However, when the operation time of the compressor is
the specified time or less during the thermo-off, the com-
pressor is continuously operated until the operation time
exceeds the specified time by stopping the refrigerant
distribution to the inside heat exchanger, and causing
one of the plurality of outside heat exchangers to function
as the condenser, and another one of the plurality of out-
side heat exchangers to function as the evaporator. Thus,
for example, even when the thermo-on/off are repeated
within a short time due to temperature interference be-
tween a plurality of chambers (inside the refrigerator),
the frequent starting and stopping of the compressor can
be prevented by continuously operating the compressor
until the operation time of the compressor exceeds the
specified time during the thermo-off, and idling the refrig-
eration unit by using one of the plurality of outside heat
exchangers as the condenser, and another one as the
evaporator. Therefore, start/stop frequency of the com-
pressor can be suppressed, and the reliability can be
ensured.

{Advantageous Effects of Invention}

[0024] In accordance with the present invention, the
cooling operation for cooling the inside of the refrigerator
can be performed by causing the two outside heat ex-
changers disposed outside the refrigerator to function as
the condensers, and the single inside heat exchanger
disposed inside the refrigerator to function as the evap-
orator. The heat pump warming operation for warming
the inside of the refrigerator can be also performed by
causing the single inside heat exchanger disposed inside
the refrigerator to function as the condenser, and the two
outside heat exchangers disposed outside the refrigera-
tor to function as the evaporators. Therefore, the warming
operation can be performed efficiently with high capacity
by employing the heat pump method. Also, all of the hot
gas refrigerant discharged from the compressor can be
supplied to at least one of the frosted outside heat ex-
changers, and another one of the outside heat exchang-
ers can be caused to function as the evaporator, so that
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the defrosting operation can be performed with the re-
frigerant absorbing heat in the evaporator. Therefore, the
defrosting of the outside heat exchangers can be per-
formed by using the full capacity (all of the refrigerant) of
the heat pump without absorbing heat from inside air, so
that the defrosting operation time can be shortened, and
a change in the inside temperature during the defrosting
operation can be decreased.
[0025] In accordance with the present invention, even
when the thermo-on/off are repeated within a short time,
the frequent starting and stopping of the compressor can
be prevented by continuously operating the compressor
until the operation time of the compressor exceeds the
specified time during the thermo-off, and idling the refrig-
eration unit by using one of the plurality of outside heat
exchangers as the condenser, and another one as the
evaporator. Therefore, the start/stop frequency of the
compressor can be suppressed, and the reliability can
be ensured.

{Brief Description of Drawings}

[0026]

{Fig. 1} Fig. 1 is a refrigerant circuit diagram of a
transport refrigeration unit according to a first em-
bodiment of the present invention.
{Fig. 2} Fig. 2 is a configuration diagram of a refrig-
erant circuit during a defrosting operation on an out-
side heat exchanger (A)-side of the above transport
refrigeration unit.
{Fig. 3} Fig. 3 is a configuration diagram of the re-
frigerant circuit during the defrosting operation on an
outside heat exchanger (B)-side of the above trans-
port refrigeration unit.
{Fig. 4} Fig. 4 is a control flowchart of the defrosting
operation of the above transport refrigeration unit.
{Fig. 5} Fig. 5 is a configuration diagram of a refrig-
erant circuit when a condensing capacity is adjusted
during a cooling operation of a transport refrigeration
unit according to a modification of the present inven-
tion.
{Fig. 6} Fig. 6 is a flowchart of control for reducing
compressor start/stop frequency of a transport re-
frigeration unit according to a second embodiment
of the present invention.

{Description of Embodiments}

[0027] In the following, embodiments according to the
present invention will be described by reference to the
drawings.

{First Embodiment}

[0028] In the following, a first embodiment of the
present invention will be described by using Figs. 1 to 4.
[0029] Fig. 1 shows a refrigerant circuit diagram of a

transport refrigeration unit according to the first embod-
iment of the present invention. Figs. 2 and 3 show con-
figuration diagrams of a refrigerant circuit during the de-
frosting operation. Fig. 4 shows a control flowchart of the
defrosting operation.
[0030] In the present embodiment, an example in
which the present invention is applied to an integrated
transport refrigeration unit 1 that cools or warms the in-
side of a refrigerator called a van body that is mounted
on a bed side of a refrigerated vehicle or the like is de-
scribed. However, the present invention is not necessar-
ily limited to the integrated transport refrigeration unit,
and it goes without saying that the present invention can
be widely applied to general transport refrigeration units
[0031] As shown in Fig. 1, a refrigerant circuit 2 of the
transport refrigeration unit 1 includes a compressor 3
(here, a motor-driven compressor is employed), a high-
pressure gas port 5 that is connected to a discharge pipe
4 of the compressor 3, a plurality of (three in the present
example) high-pressure gas pipes 6A, 6B, and 6C that
branch from the high-pressure gas port 5, high-pressure
on-off valves (solenoid valves) 7A, 7B, and 7C that are
provided in the high-pressure gas pipes 6A, 6B, and 6C,
respectively, and a plurality of heat exchangers 8A, 8B,
and 8C, one end sides of which are connected to the
high-pressure gas pipes 6A, 6B, and 6C, respectively.
[0032] Two heat exchangers 8A and 8B out of the plu-
rality of heat exchangers 8A, 8B, and 8C are disposed
at an outer portion of the refrigerator, that is, outside the
refrigerator as an outside heat exchanger (A)8A and an
outside heat exchanger (B)8B, respectively. The remain-
ing one is disposed inside the refrigerator as an inside
heat exchanger 8C.
[0033] A plurality of (three) low-pressure gas pipes 9A,
9B, and 9C that are connected so as to branch from the
high-pressure gas pipes 6A, 6B, and 6C, respectively,
low-pressure on-off valves (solenoid valves) 10A, 10B,
and 10C that are provided in the low-pressure gas pipes
9A, 9B, and 9C, respectively, and a low-pressure gas
port 11 to which the low-pressure gas pipes 9A, 9B, and
9C are respectively connected are further provided on
the one end sides of the plurality of heat exchangers 8A,
8B, and 8C used as the outside heat exchanger (A)8A,
the outside heat exchanger (B)8B, and the inside heat
exchanger 8C. The low-pressure gas port 11 is connect-
ed to the compressor 3 via a suction pipe 12.
[0034] Similarly, one ends of parallel circuits 13A, 13B,
and 13C that are configured by connecting series circuits
of expansion valves 15A, 15B, and 15C and on-off valves
(solenoid valves) 16A, 16B, and 16C, respectively, in par-
allel with check valves 14A, 14B, and 14C are connected
to the other end sides of the outside heat exchanger
(A)8A, the outside heat exchanger (B)8B, and the inside
heat exchanger 8C. The other ends of the parallel circuits
13A, 13B, and 13C are connected to a high-pressure
liquid port 17, so that liquid-side pipes 18A, 18B, and 18C
that are connected together in communication are pro-
vided. Accordingly, the heat pump-type refrigerant circuit
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2 having a closed cycle is configured.
[0035] Note that the series circuits of the expansion
valves 15A, 15B, and 15C and the on-off valves (the so-
lenoid valves) 16A, 16B, and 16C are referred to as pres-
sure reducing means having an on-off valve function in
the present invention. Although a configuration in which
the expansion valve and the on-off valve (the solenoid
valve) separate from each other are connected in series
with each other is employed herein, a valve having an
integrated configuration may be employed. Alternatively,
the configuration may be substituted by an electric ex-
pansion valve having an on-off valve function. The "pres-
sure reducing means having an on-off valve function"
that collectively indicates the above configurations is
used.
[0036] On the other hand, in the above integrated
transport refrigeration unit 1, the inside heat exchanger
8C is disposed in an inside air circulation path on a unit
side so as to face the inside of the refrigerator, and the
other devices are disposed on a unit body side that is
installed outside the refrigerator. An inside fan 19 is at-
tached to the inside heat exchanger 8C, so that inside
air can be circulated through the inside heat exchanger
8C. Outside fans 20A and 20B are attached to the outside
heat exchanger (A)8A and the outside heat exchanger
(B)8B, respectively, so that independent air blow systems
that blow outside air to the outside heat exchanger (A)8A
and the outside heat exchanger (B)8B are configured.
[0037] In the above refrigerant circuit 2, the high-pres-
sure gas port 5, the low-pressure gas port 11, and the
high-pressure liquid port 17 may be omitted by directly
connecting the high-pressure gas pipes 6A, 6B, and 6C
to the discharge pipe 4, the low-pressure gas pipes 9A,
9B, and 9C to the suction pipe 12, and the liquid-side
pipes 18A, 18B, and 18C together, respectively. The
high-pressure liquid port 17 may be substituted by a re-
ceiver.
[0038] In the transport refrigeration unit 1 including the
heat pump-type refrigerant circuit 2 described above, a
cooling operation and a heat pump warming operation
are performed as described below.

{Cooling operation}

[0039] The cooling operation is an operation per-
formed by causing each of the outside heat exchanger
(A)8A and the outside heat exchanger (B)8B to function
as a condenser, and the inside heat exchanger 8C to
function as an evaporator. In this case, the high-pressure
on-off valves 7A and 7B are opened, and the high-pres-
sure on-off valve 7C is closed in the high-pressure gas
pipes 6A, 6B, and 6C. The low-pressure on-off valves
10A and 10B are closed, and the low-pressure on-off
valve 10C is opened in the low-pressure gas pipes 9A,
9B, and 9C. The on-off valves 16A and 16B are closed,
and the on-off valve 16C is opened in the parallel circuits
13A, 13B, and 13C of the liquid-side pipes 18A, 18B, and
18C.

[0040] Accordingly, a high-temperature and high-pres-
sure refrigerant gas discharged from the compressor 3
is guided to the outside heat exchanger (A)8A and the
outside heat exchanger (B)8B through the discharge pipe
4, the high-pressure gas port 5, and the high-pressure
gas pipes 6A and 6B, and is condensed into a liquid there-
in. After that, the liquid refrigerant is guided to the high-
pressure liquid port 17 through the check valves 14A and
14B of the parallel circuits 13A and 13B, and the liquid-
side pipes 18A and 18B. The high-pressure liquid refrig-
erant joining in the high-pressure liquid port 17 is ther-
mally insulated and expanded through the liquid-side
pipe 18C, and the on-off valve 16C and the expansion
valve 15C in the parallel circuit 13C, is then guided to the
inside heat exchanger 8C, and is evaporated therein by
cooling inside air. The gas refrigerant returns to the com-
pressor 3 through the low-pressure on-off valve 10C, the
low-pressure gas pipe 9C, the low-pressure gas port 11,
and the suction pipe 12. The refrigerant is circulated in
a cycle as described above. Accordingly, the inside of
the refrigerator is cooled.

{Heat pump warming operation}

[0041] The heat pump warming operation is an oper-
ation performed by causing the inside heat exchanger
8C to function as a condenser, and each of the outside
heat exchanger (A)8A and the outside heat exchanger
(B)8B to function as an evaporator. In this case, the high-
pressure on-off valves 7A and 7B are closed, and the
high-pressure on-off valve 7C is opened in the high-pres-
sure gas pipes 6A, 6B, and 6C. The low-pressure on-off
valves 10A and 10B are opened, and the low-pressure
on-off valve 10C is closed in the low-pressure gas pipes
9A, 9B, and 9C. The on-off valves 16A and 16B are
opened, and the on-off valve 16C is closed in the parallel
circuits 13A, 13B, and 13C of the liquid-side pipes 18A,
18B, and 18C.
[0042] Accordingly, a high-temperature and high-pres-
sure refrigerant gas discharged from the compressor 3
is guided to the inside heat exchanger 8C through the
discharge pipe 4, the high-pressure gas port 5, and the
high-pressure gas pipe 6C, and is condensed into a liquid
therein by dissipating heat to warm the inside of the re-
frigerator. After that, the liquid refrigerant is guided to the
high-pressure liquid port 17 through the check valve 14C
of the parallel circuit 13C, and the liquid-side pipe 18C.
The high-pressure liquid refrigerant introduced into the
high-pressure liquid port 17 is thermally insulated and
expanded through the liquid-side pipes 18A and 18B,
and the on-off valves 16A and 16B and the expansion
valves 15A and 15B in the parallel circuits 13A and 13B,
is then guided to the outside heat exchangers (A)8A and
(B)8B, and is turned into an evaporative gas therein by
absorbing heat from outside air. The gas refrigerant re-
turns to the compressor 3 through the low-pressure on-
off valves 10A and 10B, the low-pressure gas pipes 9A
and 9B, the low-pressure gas port 11, and the suction
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pipe 12. The refrigerant is circulated in a cycle as de-
scribed above. Accordingly, the inside of the refrigerator
is warmed.
[0043] When an outside air temperature is low at the
time of the heat pump warming operation, surfaces of
the outside heat exchanger (A)8A and the outside heat
exchanger (B)8B that function as the evaporators are
frosted, and their capacities are deteriorated. Thus, when
the frosting is detected, it is necessary to perform de-
frosting. In the present embodiment, the following con-
figuration is employed for defrosting the outside heat ex-
changer (A)8A and the outside heat exchanger (B)8B.
[0044] When the frosting on the outside heat exchang-
er (A)8A and the outside heat exchanger (B)8B is detect-
ed,

(1) the warming operation is interrupted by closing
the high-pressure on-off valve 7C and the on-off
valve 16C of the parallel circuit 13C, and thereby
stopping distribution of the refrigerant to the inside
heat exchanger 8C, and
(2) the defrosting is sequentially performed by caus-
ing one of the two outside heat exchangers (A)8A
and (B)8B to function as a condenser, and the other
to function as an evaporator.

[0045] That is, in the two outside heat exchangers
(A)8A and (B)8B, first, the high-pressure on-off valve 7A
in the high-pressure gas pipe 6A, the on-off valve 16B in
the parallel circuit 13B, and the low-pressure on-off valve
10B in the low-pressure gas pipe 9B are opened, and
the high-pressure on-off valve 7B in the high-pressure
gas pipe 6B, the on-off valve 16A in the parallel circuit
13A, and the low-pressure on-off valve 10A in the low-
pressure gas pipe 9A are closed as shown in Fig. 2. The
hot gas refrigerant discharged from the compressor 3 is
thereby introduced into the outside heat exchanger
(A)8A, and is caused to dissipate heat to defrost the out-
side heat exchanger (A) 8A.
[0046] The refrigerant condensed into a liquid by de-
frosting the outside heat exchanger (A)8A is thermally
insulated and expanded by the expansion valve 15B in
the parallel circuit 13B, is introduced into the outside heat
exchanger (B)8B, and is evaporated thereby by absorb-
ing heat from outside air. After that, the gas refrigerant
is sucked into the compressor 3 through the low-pressure
gas pipe 9B, the low-pressure gas port 11, and the suc-
tion pipe 12. The refrigerant is circulated in a cycle as
described above. A refrigeration cycle is configured by
using one of the plurality of outside heat exchangers
(A)8A and (B)8B disposed outside the refrigerator as the
condenser, and the other as the evaporator as described
above, so that the frosted outside heat exchanger (A)8A
can be defrosted. At this time, the outside fan 20A for the
outside heat exchanger (A)8A is stopped, and the outside
fan 20B for the outside heat exchanger (B)8B is operated.
[0047] When the defrosting of the outside heat ex-
changer (A)8A is completed, the high-pressure on-off

valve 7B in the high-pressure gas pipe 6B, the on-off
valve 16A in the parallel circuit 13A, and the low-pressure
on-off valve 10A in the low-pressure gas pipe 9A are
opened, and the high-pressure on-off valve 7A in the
high-pressure gas pipe 6A, the on-off valve 16B in the
parallel circuit 13B, and the low-pressure on-off valve
10B in the low-pressure gas pipe 9B are closed as shown
in Fig. 3. The hot gas refrigerant discharged from the
compressor 3 is thereby introduced into the outside heat
exchanger (B)8B, and is caused to dissipate heat to de-
frost the outside heat exchanger (B)8B. In this case, the
outside fan 20B for the outside heat exchanger (B)8B as
the condenser is stopped, and the outside fan 20A for
the outside heat exchanger (A)8A as the evaporator is
operated.
[0048] Fig. 4 shows the control flowchart of the above
defrosting operation.
[0049] When control is started, it is determined whether
the outside heat exchanger (A)8A and the outside heat
exchanger (B)8B satisfy a defrosting start condition in
step S1. When the outside heat exchangers (A)8A and
(B)8B do not satisfy the defrosting start condition, it is
determined as No, and the control moves to END. On
the other hand, when it is determined as YES, the control
proceeds to step S2, in which the refrigerant circuit 2 is
switched to a circuit (a cycle) for defrosting the outside
heat exchanger (A)8A. This corresponds to the switching
in the above (2). The respective on-off valves (the re-
spective solenoid valves) are opened or closed, and the
respective outside fans are operated or stopped as de-
scribed above.
[0050] When the switching action is completed in step
S2, the control proceeds to step S3, in which supply of
the refrigerant to the inside heat exchanger 8C is
stopped. This corresponds to the control in the above
(1). The warming operation inside the refrigerator is
thereby stopped. When the process of stopping the re-
frigerant supply is completed in step S3, the control pro-
ceeds to step S4, in which it is determined whether the
defrosting of the outside heat exchanger (A)8A is com-
pleted. Whether the defrosting is completed may be de-
termined by a known method, for example, in which a
temperature of the outside heat exchanger is detected.
[0051] When it is determined that the defrosting of the
outside heat exchanger (A)8A is completed in step S4,
the control proceeds to step S5, in which the switching
action of the opening and closing of the respective on-
off valves (the respective solenoid valves), and the op-
erating and stopping of the respective outside fans equiv-
alent to step S2 is executed in order to continuously per-
form the defrosting of the outside heat exchanger (B)8B.
When the defrosting of the outside heat exchanger (B)8B
is thereby started, the control proceeds to step S6, in
which it is determined whether the defrosting of the out-
side heat exchanger (B)8B is completed. When it is de-
termined that a defrosting end condition is satisfied in
step S6, the control proceeds to step S7, in which an
inside temperature adjustment operation is resumed.
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[0052] As described above, in the present embodi-
ment, the plurality of (two) outside heat exchangers (A)8A
and (B)8B are disposed in parallel with each other in the
heat pump-type refrigerant circuit 2. The plurality of out-
side heat exchangers (A)8A and (B)8B are caused to
function as the evaporator, and the inside heat exchanger
8C is caused to function as the condenser, so that the
inside of the refrigerator can be subjected to the heat
pump warming operation. Therefore, the warming oper-
ation can be performed efficiently with high capacity by
employing the heat pump method.
[0053] On the other hand, when the outside heat ex-
changer (A)8A and the outside heat exchanger (B)8B are
frosted by the heat pump warming operation under a low
outside air temperature, the defrosting cycle is configured
by causing one of the plurality of outside heat exchangers
(A)8A and (B)8B to function as the condenser, and the
other to function as the evaporator in a state in which the
warming operation is interrupted by stopping the refrig-
erant supply to the inside heat exchanger 8C. The de-
frosting can be sequentially alternately performed with
the refrigerant absorbing heat from outside air in either
the outside heat exchanger (A)8A or the outside heat
exchanger (B)8B.
[0054] Therefore, the defrosting of the plurality of out-
side heat exchangers (A)8A and (B)8B can be performed
by using the full capacity (all of the refrigerant) of the heat
pump without absorbing heat from inside air, so that a
defrosting operation time can be shortened, and a
change in an inside temperature during the defrosting
operation can be decreased.
[0055] When the two outside heat exchangers (A)8A
and (B)8B are defrosted, it is possible to optionally de-
termine which of the outside heat exchangers is to be
defrosted first. By sequentially alternately defrosting the
plurality of outside heat exchangers 8A and 8B, each of
the outside heat exchangers 8A and 8B can be defrosted
by using the full capacity (all of the refrigerant) of the heat
pump. Thus, the defrosting can be performed within a
short time.
[0056] Also, in the present embodiment, the air blow
systems including the outside fans 20A and 20B are pro-
vided independently of each other for the plurality of out-
side heat exchangers 8A and 8B. Therefore, the defrost-
ing operation can be performed by stopping the outside
fan 20A or 20B for the outside heat exchanger 8A or 8B
that functions as the condenser, and operating the out-
side fan 20A or 20B for the outside heat exchanger 8A
or 8B that functions as the evaporator, during the defrost-
ing operation. Consequently, it is possible to efficiently
perform the defrosting within a short time by increasing
an amount of heat absorbed in the outside heat exchang-
er 8A or 8B that functions as the evaporator, and dissi-
pating the heat in the outside heat exchanger 8A or 8B
to be defrosted.
[0057] Note that the following configurations can be
employed by disposing the plurality of (two) outside heat
exchangers (A)8A and (B)8B in parallel with each other.

{Modification 1}

[0058] Although the two outside heat exchangers
(A)8A and (B)8B are operated as the condensers during
the cooling operation, a high pressure is lowered too
much in some cases with a condensing capacity becom-
ing excessive when an outside air temperature is low or
the like. Thus, the condensing capacity may be adjusted
by monitoring the high pressure, stopping any of the out-
side heat exchangers (A)8A and (B)8B (the outside heat
exchanger (B)8B in a case of Fig. 5) as shown in Fig. 5
when the high pressure is lowered too much, and thereby
reducing the operation number.
[0059] That is, in a case in which the cooling operation
is performed under a condition in which the outside air
temperature is relatively low, the condensing capacity
becomes excessive with respect to a heat exchange
amount of the inside heat exchanger 8C when all of the
plurality of outside heat exchangers 8A and 8B are op-
erated. Thus, a pressure in a high pressure-side circuit
is lowered, and a differential pressure between high and
low pressures becomes too small to deviate from a flow
rate adjustable range of the expansion valve 15C. An
abnormal suction pressure of the compressor 3 may be
thereby caused.
[0060] In this case, as shown in Fig. 5, the high-pres-
sure on-off valve 7B in the high-pressure gas pipe 6B
connected to the outside heat exchanger (B)8B is closed,
the low-pressure on-off valve 10B is opened, and the
outside fan 20B is stopped, so that the outside heat ex-
changer (B)8B is brought into a stopped state. The op-
eration number of the outside heat exchangers 8A and
8B is thereby reduced to adjust (lower) the condensing
capacity. Thus, the differential pressure between the high
and low pressures can be maintained within an appro-
priate range. Therefore, it is possible to stably operate
the transport refrigeration unit 1 by appropriately adjust-
ing the capacity on the outside heat exchangers 8A and
8B-side corresponding to the heat exchange amount of
the inside heat exchanger 8C, and thereby keeping an
operation balance.
[0061] When the above Modification 1 is employed,
heat exchangers having different capacities from each
other can be employed as the plurality of outside heat
exchangers 8A and 8B. By configuring the outside heat
exchangers 8A and 8B by using the heat exchangers
having different capacities, it is possible to adjust the con-
densing capacity in the two outside heat exchangers 8A
and 8B in three stages, which is greater than the number
of the outside heat exchangers 8A and 8B by selecting
working statuses of the heat exchangers. Therefore, the
condensing capacity can be finely adjusted under various
outside air temperatures and inside set temperature con-
ditions corresponding to the conditions, and the operation
can be more stably performed by maintaining the high
and low pressure difference within an appropriate range.
Consequently, it is possible to improve reliability of the
transport refrigeration unit 1.
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{Modification 2}

[0062] In the above embodiment, the refrigerant distri-
bution to the inside heat exchanger 8C is stopped as
shown in Figs. 2 and 3 during the defrosting operation of
the outside heat exchangers 8A and 8B. However, in a
case in which a difference between the inside tempera-
ture and a set temperature exceeds a specified value,
the warming operation may be performed by opening the
high-pressure on-off valve 7C in the high-pressure gas
pipe 6C connected to the inside heat exchanger 8C, and
distributing the high-pressure gas refrigerant to the inside
heat exchanger 8C in view of protecting a load.
[0063] That is, when a situation occurs in which the
inside temperature rapidly changes due to some reason
during the defrosting operation and the difference with
the set temperature exceeds the specified value, there
is a risk that a quality of the load cannot be guaranteed.
Therefore, when the difference between the inside tem-
perature and the set temperature reaches the specified
value or more, the high-pressure on-off valve 7C in the
high-pressure gas pipe 6C connected to the inside heat
exchanger 8C is opened, and the high-pressure gas re-
frigerant is partly supplied to the inside heat exchanger
8C. Accordingly, it is possible to perform the warming
operation while continuing the defrosting operation. Con-
sequently, the inside temperature is not lowered to a
specified value or less during the defrosting operation,
the quality of the load can be guaranteed by keeping
temperature controllability even during the defrosting,
and the reliability of the transport refrigeration unit 1 can
be improved.

{Modification 3}

[0064] Although the embodiment in which the two out-
side heat exchangers 8A and 8B and the single inside
heat exchanger 8C are disposed in parallel with each
other has been described in the embodiment and the
modifications described above, the number of the outside
heat exchangers 8A and 8B is not limited to two, and a
configuration in which three or more outside heat ex-
changers are disposed in parallel with each other may
be employed. As for the inside heat exchanger 8C, a
configuration in which a plurality of inside heat exchang-
ers are disposed in parallel with each other, the respec-
tive inside heat exchangers are separately disposed in
a plurality of chambers divided in the refrigerator may be
employed. In this case, of course, the plurality of divided
chambers can be cooled or warmed at the same time. It
is also possible to perform the cooling and warming op-
erations at the same time, for example, by cooling one
of the chambers, and warming another of the chambers.

{Second Embodiment}

[0065] Next, a second embodiment of the present in-
vention will be described by using Fig. 6.

[0066] The present embodiment differs from the first
embodiment described above in that start/stop frequency
of the compressor 3 can be reduced by using the plurality
of outside heat exchangers 8A and 8B. Since the other
points are similar to those of the first embodiment, a de-
scription thereof is omitted.
[0067] In the present embodiment, the transport refrig-
eration unit 1 is subjected to a thermo-on/off operation
after the inside temperature reaches a set temperature
by the cooling operation or the warming operation. The
present embodiment intends to suppress excessive
starting and stopping of the compressor 3 at that time.
[0068] When the inside temperature reaches a set tem-
perature, the transport refrigeration unit 1 is subjected to
an on/off operation (thermo-on/off) with a predetermined
differential. If a time in which the transport refrigeration
unit 1 is thermo-on is short, the starting and stopping of
the compressor 3 are frequently repeated, resulting in a
malfunction and a decrease in service life. The reliability
is thereby deteriorated. Thus, when a thermo-off condi-
tion is satisfied, a refrigeration cycle is configured by use
of the plurality of outside heat exchangers 8A and 8B
disposed in parallel with each other in a state in which
the cooling operation or the warming operation is stopped
by stopping the refrigerant distribution to the inside heat
exchanger 8C, and the compressor 3 is stopped after
being continuously operated for a specified length of
time. The frequent starting and stopping is thereby pre-
vented.
[0069] In the following, a specific configuration thereof
will be described based on a control flowchart shown in
Fig. 6.
[0070] When control is started, it is determined whether
the thermo-off condition is satisfied in step S11. When it
is determined as No, the control directly moves to END.
When it is determined as YES, the control proceeds to
step S12. In step S12, it is determined whether an ON
time (an operation time) of the compressor 3 exceeds a
specified time that is previously set. When it is determined
as YES, the control moves to step S17, in which the op-
eration of the compressor 3 is directly stopped, and a
thermo-off state is obtained.
[0071] On the other hand, when the ON time does not
reach the specified time, and it is determined as NO, the
control proceeds to step S13, in which the refrigerant
circuit 2 is switched to the following operation circuit (an
idling circuit), and the compressor 3 is continuously op-
erated. The operation circuit constitutes a circuit in which
the refrigerant from the compressor 3 is circulated se-
quentially through the high-pressure gas port 5, the out-
side heat exchanger (A)8A, the high-pressure liquid port
17, the on-off valve 16B, the outside heat exchanger
(B)8B, and the low-pressure gas port 11 by opening the
high-pressure on-off valve 7A, the on-off valve 16B, and
the low-pressure on-off valve 10B, closing the high-pres-
sure on-off valve 7B, the on-off valve 16A, and the low-
pressure on-off valve 10A, and further switching on the
outside fans 20A and 20B in order to configure the re-
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frigeration cycle in which one of the plurality of (two) out-
side heat exchangers 8A and 8B, e.g., the outside heat
exchanger (A)8A is used as the condenser, the other,
e.g., the outside heat exchanger (B)8B is used as the
evaporator, and both of the outside fans 20A and 20B
are operated. Note that the outside heat exchangers 8A
and 8B may be switched so as to have reverse functions.
[0072] After the switching is performed in step S13, the
control proceeds to step S14, in which the high-pressure
on-off valve 7C, the on-off valve 16C, and the low-pres-
sure on-off valve 10C are closed, and the refrigerant dis-
tribution to the inside heat exchanger 8C is stopped, so
that the thermo-off state is obtained. At this time, the com-
pressor 3 is directly and continuously operated by con-
figuring the above refrigeration cycle. The control pro-
ceeds to step S15 in the above state, in which it is deter-
mined whether a thermo-on restoring condition is satis-
fied. When it is determined as YES, the control proceeds
to step S18, in which a process of starting the refrigerant
supply to the inside heat exchanger 8C is performed. The
control then proceeds to step S19.
[0073] In step S19, the high-pressure on-off valves 7A
to 7C, the on-off valves 16A to 16C, and the low-pressure
on-off valves 10A to 10C are switched, so that the refrig-
erant circuit 2 is switched to an original cooling operation
cycle or an original warming operation cycle, that is, a
cooling operation cycle in which the inside heat exchang-
er 8C is used as the evaporator, and the outside heat
exchangers 8A and 8B are used as the condensers, or
a heat pump warming operation cycle in which the inside
heat exchanger 8C is used as the condenser, and the
outside heat exchangers 8A and 8B are used as the evap-
orators. A thermo-on operation is thereby performed.
Similar actions are subsequently repeated.
[0074] When it is determined that the thermo-on re-
storing condition is not satisfied in step S15, the control
proceeds to step S16, in which it is determined whether
the ON time (the operation time) of the compressor 3
exceeds the specified time. When it is determined as NO,
the control returns to step S15, and actions in steps S15
and S16 are repeated. When it is determined that the
operation time of the compressor 3 exceeds the specified
time (YES) in step S16, the control proceeds to step S17,
in which a process of turning off the compressor 3 to stop
the operation is performed. Similar actions are subse-
quently repeated.
[0075] Accordingly, under the thermo-on/off operation,
the compressor 3 can be always operated for the spec-
ified length of time or more by configuring the refrigeration
cycle by use of the plurality of outside heat exchangers
8A and 8B, and idling the refrigeration unit 1 even when
the thermo-off state is obtained. It is thus possible to pre-
vent the frequent starting and stopping of the compressor
3. Therefore, the start/stop frequency of the compressor
3 can be suppressed, and the reliability can be ensured.
Particularly in a case of a refrigerator, the inside of which
is divided into a plurality of chambers, the thermo-on/off
are repeated within a short time due to temperature in-

terference between the chambers. Even in such a case,
the frequent starting and stopping of the compressor can
be prevented by continuously operating the compressor
until the operation time of the compressor exceeds the
specified time during the thermo-off.
[0076] Note that the present invention is not limited to
the invention according to the above embodiments, and
can be modified as appropriate within the scope of the
invention. For example, although the example in which
the present invention is applied to the integrated transport
refrigeration unit 1 using the motor-driven compressor
as the compressor 3 has been described in the above
embodiments, the present invention is not limited thereto.
It goes without saying that the present invention can be
similarly applied to a direct-connection-type transport re-
frigeration unit that drives an open-type compressor by
a vehicle running engine via an electromagnetic clutch,
or a sub-engine-type transport refrigeration unit including
a dedicated sub-engine that drives a refrigeration unit.
[0077] It also goes without saying that the present in-
vention can be similarly applied to a separated transport
refrigeration unit in which an inside unit installed inside
a refrigerator and an outside unit installed outside the
refrigerator are separated as well as the integrated trans-
port refrigeration unit 1.

{Reference Signs List}

[0078]

1 Transport refrigeration unit
2 Refrigerant circuit
3 Compressor
6A, 6B, 6C High-pressure gas pipe
7A, 7B, 7C High-pressure on-off valve
8A, 8B Outside heat exchanger (A), (B) (Heat ex-
changer)
8C Inside heat exchanger (Heat exchanger)
9A, 9B, 9C Low-pressure gas pipe
10A, 10B, 10C Low-pressure on-off valve
13A, 13B, 13C Parallel circuit
14A, 14B, 14C Check valve
15A, 15B, 15C Expansion valve
16A, 16B, 16C On-off valve
18A, 18B, 18C Liquid-side pipe
19 Inside fan
20A, 20B Outside fan

Claims

1. A transport refrigeration unit comprising:

a compressor;
a plurality of heat exchangers, one end sides of
which are connected to a discharge side of the
compressor each via a high-pressure gas pipe
and a high-pressure on-off valve;
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low-pressure gas pipes that connect the one end
sides of the plurality of heat exchangers to a
suction side of the compressor each via a low-
pressure on-off valve; and
liquid-side pipes that connect together in com-
munication the other end sides of parallel circuits
connected to the other end sides of the plurality
of heat exchangers and each having a pressure
reducing means with an on-off valve function
and a check valve,
wherein at least two of the plurality of heat ex-
changers are disposed in parallel with each oth-
er outside a refrigerator as outside heat ex-
changers, at least one of the plurality of heat
exchangers is disposed inside the refrigerator
as an inside heat exchanger, and
when the outside heat exchangers are frosted
during a heat pump warming operation in which
the outside heat exchangers are caused to func-
tion as evaporators, and the inside heat ex-
changer is caused to function as a condenser,
a defrosting operation is performed by stopping
refrigerant distribution to the inside heat ex-
changer, and causing at least one of the plurality
of outside heat exchangers to function as a con-
denser, and another one of the plurality of out-
side heat exchangers to function as an evapo-
rator.

2. The transport refrigeration unit according to claim 1,
wherein the plurality of outside heat exchangers are
sequentially subjected to the defrosting operation by
sequentially switching the frosted plurality of outside
heat exchangers such that at least one of the outside
heat exchangers functions as a condenser, and an-
other one of the outside heat exchangers functions
as an evaporator.

3.  The transport refrigeration unit according to claim 1
or 2, wherein air blow systems including outside fans
for the plurality of outside heat exchangers are pro-
vided independently of each other.

4. The transport refrigeration unit according to any one
of claims 1 to 3, wherein when a difference between
an inside temperature and a set temperature has a
specified value or more during the defrosting oper-
ation, the warming operation is performed by open-
ing the high-pressure on-off valve in the high-pres-
sure gas pipe connected to the inside heat exchang-
er, and distributing a high-pressure gas refrigerant
to the inside heat exchanger.

5. The transport refrigeration unit according to any one
of claims 1 to 4, wherein when a high pressure is
lowered too much with a condensing capacity be-
coming excessive during a cooling operation in
which the outside heat exchangers are caused to

function as condensers, the condensing capacity is
adjusted by reducing the operation number of the
plurality of outside heat exchangers.

6. The transport refrigeration unit according to any one
of claims 1 to 5, wherein heat exchangers having
different capacities from each other are employed
as the plurality of outside heat exchangers.

7. A transport refrigeration unit comprising:

a compressor;
a plurality of heat exchangers, one end sides of
which are connected to a discharge side of the
compressor each via a high-pressure gas pipe
and a high-pressure on-off valve;
low-pressure gas pipes that connect the one end
sides of the plurality of heat exchangers to a
suction side of the compressor each via a low-
pressure on-off valve; and
liquid-side pipes that connect together in com-
munication the other end sides of parallel circuits
connected to the other end sides of the plurality
of heat exchangers and each having a pressure
reducing means with an on-off valve function
and a check valve,
wherein at least two of the plurality of heat ex-
changers are disposed in parallel with each oth-
er outside a refrigerator as outside heat ex-
changers, at least one of the plurality of heat
exchangers is disposed inside the refrigerator
as an inside heat exchanger, and
when an operation time of the compressor is a
specified time or less during thermo-off after an
inside temperature reaches a set temperature,
the compressor is continuously operated until
the operation time exceeds the specified time
by stopping refrigerant distribution to the inside
heat exchanger, and causing one of the plurality
of outside heat exchangers to function as a con-
denser, and another one of the plurality of out-
side heat exchangers to function as an evapo-
rator.
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