DESCRIPTION REFRIGERATING APPARATUS 5 TECHNICAL FIELD [0001] The present invention
relates to a refrigerating apparatus which is attached to an opening of a cooling compartment in which an
object(s) to be cooled is stored and which is configured to cool an inside of the cooling compartment. 10
BACKGROUND ART [0002] Conventionally, a refrigerating apparatus configured to cool an inside of a
compartment such as a container used for, e.g., Rla?fRB!frAltdNortation or a trailer used for, e.g., ground
transportation has been known. For example, Patent Document 1 discloses the refrigerating apparatus
(trailer refrigerating apparatus) of this type. The refrigerating

REFRIGERATING APPARATUS

5 TECHNICAL FIELD
[0001] The present invention relates to a refrigerating apparatus which is attached to an
opening of a cooling compartment in which an object(s) to be cooled is stored and which is

configured to cool an inside of the cooling compartment.

10 BACKGROUND ART
[0002] Conventionally, a refrigerating apparatus configured to cool an inside of a
compartment such as a container used for, e.g., marine transportation or a trailer used for, e.g.,
ground transportation has been known. For example, Patent Document 1 discloses the
refrigerating apparatus (trailer refrigerating apparatus) of this type. The refrigerating

15  apparatus includes a casing body attached to an opening of a trailer of a refrigerated vehicle,
and a refrigeration cycle unit supported by the casing body. The refrigeration cycle unit
forms a refrigerant circuit configured to perform a vapor compression refrigeration cycle.
Specifically, the refrigeration cycle unit includes a compressor, a radiator, an expansion valve,
and an evaporator. The compressor, the radiator, and the expansion valve are supported by

20  the casing body so as to be positioned outside a cooling compartment (i.e., outside a
compartment). The evaporator is supported by the casing body so as to be positioned inside
the cooling compartment (i.e., inside the compartment).
[0003] An air path is formed inside the cooling compartment (trailer) such that air
circulates through the evaporator. On the other hand, when refrigerant circulating through

25  the refrigerant circuit passes through the evaporator, the refrigerant is evaporated by



15 apparatus includes a casing body attached to an opening of a trailer of a refrigerated vehicle, and a
refrigeration cycle unit supported by the casing body. The refrigeration cycle unit forms a refrigerant circuit
configured to perform a vapor compression refrigeration cycle. Specifically, the refrigeration cycle unit

includes a compressor, a radiator, an expansion valve, and an evaporator. The compressor, the radiator,
and the expansiEpPIRIREENEAE BOPPBrEsd By PeERhditas|AgBHR, B8 a8 dNse hempHEREBLAIRE H'eooling
compartment (i.e., outside a compartment). The evaporator is supported by the casing body so as to be
positioned insid&HI5& B GBAIY ILHPRIBMEHE i.e., inside the compartment). ~ [0003] An air path is formed
inside the cooling compartment (trailer) such that air circulates through the evaporator. On the other hand,
when refrigerant circulating through 25the refrigerant circuit passes through the evaporator, the refrigerant
is evaporated by, ARspsRiNgdyeat from in-compartment air. In such a manner, the in-compartment air of
the trailer is cooled to store food etc. CITATION LIST

5 PATENT DOCUMENT

[0004] PATENT DOCUMENT 1: Japanese Patent Publication No. 2005-245996

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
10 [0005] In the foregoing refrigerating apparatus, the opening of the cooling compartment
such as the trailer or the container is covered by the casing body, thereby hermetically closing
the cooling compartment. That is, in such a manner that the casing body is attached to the
cooling compartment, a clearance between the cooling compartment and the casing body is
sealed, and therefore outside-compartment heat is prevented from entering the cooling
15 compartment. In addition, packing etc. are attached to, e.g., a door of the cooling
compartment or other clearance, and therefore outside-compartment heat is prevented from
entering the cooling compartment. Moreover, in the cooling compartment such as the trailer
or the container, a thermal insulator made of, e.g., foamed resin is used for wall surfaces etc.
of the cooling compartment in order to maintain thermal insulating properties of the cooling
20 compartment. That is, in the refrigerating apparatus of this type, energy saving properties of
the entire apparatus are highly susceptible not only to a cooling capacity of the refrigerating
apparatus but also to a performance (airtightness and a thermal insulating performance) of the
cooling compartment.
[0006] However, in the refrigerating apparatus of this type, when the casing body is

25  attached to the opening of the cooling compartment, if the attachment is insufficient, a



5 PATENT DOCUMENT [0004] PATENT DOCUMENT 1: Japanese Patent Publication No. 2005-245996
SUMMARY OF THE INVENTION TECHNICAL PROM FM 10[0005] In the foregoing refrigerating
apparatus, the opening of the cooling compartment such as the trailer or the container is covered by the
casing body, thereby hermetically closing the cooling compartment. That is, in such a manner that the
casing body is 4lfAERER RAYhRECIHMSY BEMBUY it ARCAI Rl AR 609 COMAREREDi AR cHApREHI%ent and

the casing bod)gis sealed, and therefore outside-compartment heat is I[?1revented from entering the cooling
ody, resulting in lowering of the airtightness of the cooling compartment. In addition, €-g.,

upon manufacturing of the cooling compartment, the thermal insulator may not be uniformly

formed across the entirety of the wall surface, resulting in lowering of the thermal insulating

5 performance. If the lowering of the airtightness or the thermal insulating performance of the

cooling compartment occurs for the foregoing reasons, a disadvantage that the energy saving

properties of the entire apparatus are degraded is caused even with a sufficient performance
(cooling capacity) of the refrigerating apparatus.

[0007] The present invention has been made in view of the foregoing, and it is an objective

10  of the present invention to provide a refrigerating apparatus configured to reduce or prevent

degradation of energy saving properties due to lowering of airtightness or a thermal insulating

performance of the cooling compartment.

SOLUTION TO THE PROBLEM

15 [0008] A first aspect of the invention is intended for a refrigerating apparatus including a
casing body (21) attached to an opening (14) formed at one end of a box-shaped cooling
compartment (11) so as to close the opening (14); a refrigeration cycle unit (30) including a
compressor (31) and a radiator (32) provided on an outer side of the cooling compartment
(112) relative to the casing body (21), and an evaporator (35) provided on an inner side of the

20  cooling compartment (11) relative to the casing body (21); a diagnosis process executer (81)
configured to control the refrigeration cycle unit (30) to execute a diagnosis process for
diagnosing a performance of the cooling compartment (11); and a performance determinator
(82) configured to determine the performance of the cooling compartment (11) in the
diagnosis process.

25 [0009] In the first aspect of the invention, the casing body (21) of the refrigerating



15 compartment. In addition, packing etc. are attached to, e.g., a door of the cooling compartment or
other clearance, and therefore outside-compartment heat is prevented from entering the cooling
compartment. Moreover, in the cooling compartment such as the trailer or the container, a thermal
insulator made of, e.g., foamed resin is used for wall surfaces etc. of the cooling compartment in order to
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esulting in lowering of the airtightnéss of the cooling compartment. In addition, e.g.,
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is exchanged between air in the cooling compartment (11) and the refrigerant, and the
refrigerant is evaporated by absorbing heat from the air. In such a manner, the air in the
10  cooling compartment (11) is cooled.
[0010] However, even when the inside of the cooling compartment (11) is cooled as
described above, if lowering of airtightness or a thermal insulating performance of the cooling
compartment (11) as compared to a potential performance of the cooling compartment (11)
occurs due to some type of interference with the cooling compartment (11), the inside of the
15  cooling compartment (11) is insufficiently cooled, resulting in degradation of energy saving
properties. In particular, if attachment between the opening (14) of the cooling compartment
(11) and the casing body (21) is insufficient, outdoor heat enters the compartment through
part between the opening (14) and the casing body (21), and therefore a cooling effect of the
inside of the cooling compartment (11) is significantly reduced. Thus, in the refrigerating
20  apparatus of the present invention, the diagnosis process executer (81) controls the
refrigeration cycle unit (30) so as to execute the diagnosis process. When the diagnosis
process is performed, the performance determinator (82) determines the performance of the
cooling compartment (11) based on predetermined determination conditions. Thus, it can be

promptly recognized that the lowering of the airtightness or the thermal insulating

25  performance of the cooling compartment (11) occurs due to some type of failure, and



[0007] The present invention has been made in view of the foregoing, and it is an objective 10 of the
present invention to provide a refrigerating apparatus configured to reduce or prevent degradation of
energy saving properties due to lowering of airtightness or a thermal insulating performance of the cooling
compartment. SOLUTION TO THE PROM FM 15[0008] A first aspect of the invention is intended for a
refrigerating appPératers meliahifeatieasitysdekerie faatadteinedospoeipesiitgiia®) formed at one end of a

box-shaped coaling compartment (11) so as to close the opening (14); a refrigeration cycle unit (30)
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of the cooligg caiRAtMANtHEL dacbhingspa0BP IR RIERSSH, after the diagnosis process executer (81)
executes the diagnosis process, the performance determinator (82) determines the airtightness
of the cooling compartment (11) based on predetermined determination conditions. Thus, it
can be promptly recognized that external air enters the compartment through, e.g., part
between the casing body (21) and the opening (14), and a suitable action can be taken to deal
10  with the entering of external air.
[0013] A third aspect of the invention is intended for the refrigerating apparatus of the
second aspect of the invention, in which the refrigeration cycle unit (30) includes a
defrosting start determinator (83) configured to start a defrosting operation of the evaporator
(35) when an amount of frost on the evaporator (35) exceeds a predetermined amount, the
15  diagnosis process executer (81) is configured to perform, upon start of the diagnosis process,
a cooling operation for cooling an inside of the cooling compartment (11) by the evaporator
(35), and the performance determinator (82) is configured to determine the airtightness of the
cooling compartment (11) based on a time Atl between a predetermined point after start of
the cooling operation and a point at which the defrosting start determinator (83) starts the
20  defrosting operation.
[0014] In the third aspect of the invention, when the diagnosis process is started, the
cooling operation for cooling the inside of the cooling compartment (11) by the evaporator
(35) is performed. During the cooling operation, when the amount of frost on the evaporator
(35) exceeds the predetermined amount, the defrosting start determinator (83) starts the

25  defrosting operation for melting frost on the evaporator (35).
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25[0009] In the first aspect of the invention, the casing body (21) of the refrigerating apparatus is
attached to the opening (14) of the box-shaped cooling compartment (11). When the refrigeration cycle
unit (30) is operated, refrigerant compressed in the compressor (31) circulates through a refrigerant

circuit, thereby performing a refrigeration cycle. That is, refrigerant compressed in the compressor (31)
dissipates heat {0 &rkdodYRRPSH ¥ REHEHASE3D) JHARAHER A98!MiE SRGFaleN s RIS e fht H8educed
by, e.g., a predetermined E)ressure reduction mechanism. The refrii%erant havinq the reduced pressure

flows through tRRSNEhEFAAY (81) SHNAE P TRRAEEAE (EA5IRY UHSEFERTBRRTEDET A HEERIBH o or (35),

heat is exchanged between air in the cooling compart 6)3 and the refrigerant, and the refrigerant is
cvaporated by SSRGS Aot AT L T e R S M e et (e
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above, if lowering of airtightness or a thermal insulating performance of the cooling compartment (11) as
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interference with the cooling compartment (11), the inside of the
point after the start of the cooling operation to the start of the defrosting operation is

shortened. As described above, the period from the start of the cooling operation to the
transition to the defrosting operation is used as an indicator for the entering of external air
into the compartment, i.e., for the airtightness of the cooling compartment (11). Thus, the
10  performance determinator (82) determines the airtightness of the cooling compartment (11)
based on the time At1.
[0016] A fourth aspect of the invention is intended for the refrigerating apparatus of the
second aspect of the invention, which further includes a defrosting end determinator (85)
configured to terminate a defrosting operation of the evaporator (35) when an amount of
15  frost on the evaporator (35) falls below a predetermined amount during the defrosting
operation. The diagnosis process executer (81) is configured to execute, upon start of the
diagnosis process, a cooling operation for cooling an inside of the cooling compartment (11)
by the evaporator (35) and then execute the defrosting operation, and the performance
determinator (82) is configured to determine the airtightness of the cooling compartment (11)
20  Dbased on a time At2 between a point at which the defrosting operation is executed and a point
at which the defrosting end determinator (85) terminates the defrosting operation.
[0017] In the fourth aspect of the invention, when the diagnosis process is started, the
cooling operation for cooling the inside of the cooling compartment (11) by the evaporator
(35) is performed. After the cooling operation, the defrosting operation is performed to
25  defrost the evaporator (35). During the defrosting operation, when the amount of frost on
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15 cooling compartment (11) is insufficiently cooled, resulting in degradation of energy saving properties.
In particular if attachment between the opening (14) of the cooling compartment (11) and the casing body
(21) is insufficient, outdoor heat enters the compartment through part between the opening (14) and the
casing body (21), and therefore a cooling effect of the inside of the cooling compartment (11) is
significantly rec1eYaRHAS! i AT RErAtING PEIFIATIRL M phes@FT oplRh ABth 8l BiagRbsis
process executer Sgl controls the refrigeration cycle unit (30) so as to execute the diagnosis process.

When the diagriBeid§irRaes fee SeHaig PPial88 formance determinator (82) determines the

performance of ooling compartment (11) based on predetermined determjnation conditions. Thus, it
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be taken to dea fOregoing situation ond aspect of the invention is intended for the
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configured to determine airtightness of the cooling compartment (11) in the diagnosis process.

compartment, the amount of frost adhered to the surface of the evaporator (35) is increased.
Thus, in this case, the time At2 from the execution of the defrosting operation to the
termination of the defrosting operation by the defrosting end determinator (85) is extended.
As described above, the period from the start of the defrosting operation to the termination of

10 the defrosting operation is used as an indication for the entering of external air into the
compartment, i.e., for the airtightness of the cooling compartment (11). Thus, the
performance determinator (82) determines the airtightness of the cooling compartment (11)
based on the time At2.
[0019] A fifth aspect of the invention is intended for the refrigerating apparatus of the

15 second aspect of the invention, which further includes a defrosting end determinator (85)
configured to terminate a defrosting operation of the evaporator (35) when an amount of
frost on the evaporator (35) falls below a predetermined amount during the defrosting
operation. The diagnosis process executer (81) is configured to alternately execute a
cooling operation for cooling an inside of the cooling compartment (11) by the evaporator

20  (35) and the defrosting operation such that the defrosting operation is performed after the
cooling operation and the cooling operation is resumed when the defrosting end determinator
(85) terminates the defrosting operation, and the performance determinator (82) is configured
to determine the airtightness of the cooling compartment (11) by comparing between an
execution time for a predetermined defrosting operation and an execution time for a

25  defrosting operation previous to the predetermined defrosting operation.
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5[0012] In the second aspect of the invention, after the diagnosis process executer (81) executes the
diagnosis process, the performance determinator (82) determines the airtightness of the cooling
compartment (11) based on predetermined determination conditions. Thus, it can be promptly recognized

that external air enters the compartment through, e.g., part between the casing body (21) and the opening
(14), and a suité¥104ctidih Bn HEtARBEFtPHSES TOVARN ARe BASARIST RN and (011 dpTosRE aspect of
the invention is intended for the refrigeratin aratus of the second aspect of the invention, in which the
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and the performance determinator Is configured to determine the airtightness of the cooling

compartmett (dee}rggﬁgpo(fgyﬁigmg Rl hrlyveen a predetermined point after start of the cooling operation
and a point at which the defrosting start determinator (83) starts the 20defrosting operation. [0014] In the

third aspect of tfoeanyensigiposd enitheftliagnasisgmaesssfisetatenhdhe epalingmpenatioreienreacling the
inside of the cooling compartment (11) by the evaporator (35) is performed. During the cooling operation,
when the amouvitheh ftost aolihg epaptatand3Beesekresdngheppratietenrinket mtabyuper thendefrsting start
determinator (83) starts the
execution time for the defrosting operation is gradually shortened. This is because the
evaporator (35) is defrosted by the defrosting operation and the humidity inside the cooling
10  compartment (11) is gradually decreased due to discharge of melted water to outside the
compartment as drain water. Thus, in this case, the amount of frost on the evaporator (35) is
gradually decreased, and therefore timing for terminating the defrosting operation is
advanced. As aresult, an execution time for a current defrosting operation is shorter than an
execution time for a previous defrosting operation.
15 [0022] On the other hand, if the airtightness of the cooling compartment (11) is
insufficient, the in-compartment humidity is, even after the defrosting operation, re-increased
due to the entering of external air. Thus, in such a case, the execution time for the current
defrosting operation is not much shorter than the execution time for the previous defrosting
operation, is equal to the execution time for the previous defrosting operation, or is longer
20  than the execution time for the previous defrosting operation.
[0023] Thus, the performance determinator (82) determines the airtightness of the cooling
compartment (11) by comparing the execution time between the current defrosting operation
and the previous defrosting operation.

[0024] A sixth aspect of the invention is intended for the refrigerating apparatus of the

25  second aspect of the invention, which further includes a defrosting start determinator (83)



25defrosting operation for melting frost on the evaporator (35). [0015] Suppose that a clearance is,
during the cooling operation, formed at, e.g., the opening (14) of the cooling compartment (11), and
outside-compartment air (external air) enters the cooling compartment (compartment) (11) through the

clearance. In such a case, since moisture contained in the external air enters the compartment, frosting
on a surface of ® MG HOFRAR(Geqstnsceneriien ot ML PR 4Se) MERRTEARR YRS thest on
predetermined point after the start of the cooling operation to the start of the defrostig%operation IS

shortened. As dBSEMHRAIAYAGR) fES5EF P FERTIRLSAMot e HRIABVRERMS BREHEILRN to the
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invention is intended for the refrigérating apparatus of the
5 defrosting start determinator (83) starts the defrosting operation after the cooling operation

and then the cooling operation is resumed, and the performance determinator (82) is
configured to determine the airtightness of the cooling compartment (11) by comparing
between an execution time for a predetermined cooling operation and an execution time for a
cooling operation previous to the predetermined cooling operation.

10 [0025] In the sixth aspect of the invention, the cooling operation and the defrosting
operation are alternately executed. If the airtightness of the cooling compartment (11) is
sufficient, the execution time for the cooling operation is gradually extended. This is
because the evaporator (35) is defrosted by the defrosting operation and the humidity inside
the cooling compartment (11) is gradually decreased due to discharge of melted water to

15  outside the compartment as drain water. Thus, in this case, the amount of frost on the
evaporator (35) is gradually decreased, and therefore timing for starting the defrosting
operation is delayed. As a result, an execution time for a current cooling operation is longer
than an execution time for a previous cooling operation.

[0026] On the other hand, if the airtightness of the cooling compartment (11) is

20  insufficient, the in-compartment humidity is, even after the defrosting operation, re-increased
due to the entering of external air. Thus, in such a case, the execution time for the current
cooling operation is not much longer than the execution time for the previous cooling
operation, is equal to the execution time for the previous cooling operation, or is shorter than
the execution time for the previous cooling operation.

25 [0027] Thus, the performance determinator (82) determines the airtightness of the cooling



second aspect of the invention, which further includes a defrosting end determinator (85) configured to
terminate a defrosting operation of the evaporator (35) when an amount of 15 frost on the evaporator (35)
falls below a predetermined amount during the defrosting operation. The diagnosis process executer (81)
is configured to execute, upon start of the diagnosis process, a cooling operation for cooling an inside of
the cooling confaRATERNEL bYMARMPREINE tREPESS iR dstwRet e aHecabtrYiNa PR5RlIaHEAT and the
performance determinator (82&:5 configured to determine the airtightness of the cooling compartment (11)
20 based on a HRQAYP YRR Bpﬁfﬁf??%\t which the defrosting operation is executed and a point at

which the defrosting.end, determinator (85) terminates.the, defrosting operatio .4900017 In the fourth aspect
ot the invention At 1 AU ARSI AL FVEITHE I Eath o AL OTg h S e of the
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operation is performe defrost the evaporator (35). During the defrosting operation, when the
amount of B0oSteMperature detector (70) configured to detect a temperature of air inside the cooling

compartment (11), the diagnosis process executer (81) is configured to perform a cooling
operation for cooling an inside of the cooling compartment (11) to a predetermined
temperature by the evaporator (35), perform a rest operation for stopping the evaporator (35)
after the cooling operation, and resume the cooling operation after a lapse of a predetermined
10  set time since the rest operation is started, and the performance determinator (82) is
configured to determine the performance of the cooling compartment (11) based on a change
in temperature inside the cooling compartment (11) during the set time.
[0029] In the seventh aspect of the invention, the cooling operation, the rest operation, and
the cooling operation are performed in this order. Specifically, in the initial cooling
15  operation, the inside of the cooling compartment (11) is cooled to the predetermined
temperature by the evaporator (35). Subsequently, the rest operation is executed, and the
evaporator (35) is stopped. The cooling operation is, after the lapse of the set time since the
rest operation is started, resumed to re-cool the inside of the cooling compartment (11).
[0030] If the airtightness or the thermal insulating performance of the cooling compartment
20 (11) is lowered as compared to the potential performance of the cooling compartment (11),
the in-compartment temperature is relatively sharply increased during the set time (i.e., the
period for which the evaporator (35) is stopped) from the start of the rest operation to the
resuming of the cooling operation. On the other hand, if the airtightness and the thermal
insulating performance of the cooling compartment (11) are sufficient, the in-compartment

25  temperature is moderately increased during the set time.  Thus, the performance
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the evaporator (35) falls below the predetermined amount, the defrosting end determinator (85)
terminates the defrosting operation. [0018] Suppose that a clearance is, during the cooling operation,
formed at, e.g., the opening (14) of the cooling compartment (11), and external air enters the

compartment 5 through the clearance. In such a case, since moisture contained in the external air enters
the compartmeHeHBIZHIHUSE bIdRBEMiRe RASEH Bhe BBIrfABBIST thel0aMBREBETB ST SRikERSER. Thus, in
this case, the time_At2 from the execution of the defrosting operation to the termination of the defrosting

operation by th8%HaRFR L HEe RIS SAtRAEBSTE GHeTRILY. RE RS F9PRYVE, e R4 om the

start of the defr%s#'ng operation to the termination of 10 the defrosting operation is used as an indication
for the entering'of €xternal air into the compartment, i.e., for the airtightness of the cooling compartment
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of the 5 seventh aspect of the invention, in which the refrigeration cycle unit (30) includes a humidity

detector (72) configured to detect a humidity of air inside the cooling compartment (11), and
the performance determinator (82) is configured to determine the airtightness of the cooling
compartment (11) based on a change in humidity during the set time.
[0032] In the eighth aspect of the invention, the humidity detector (72) is provided in the

10 refrigeration cycle unit (30). In the diagnosis process, the in-compartment humidity is
detected by the humidity detector (72) during the set time from the second operation in which
the evaporator (35) is stopped to the third operation.
[0033] Suppose that a clearance is formed in the cooling compartment (11), and external
air enters the compartment. Since moisture contained in the external air enters the

15  compartment, the humidity detected by the humidity detector (72) is increased during the set
time. On the other hand, if the airtightness of the cooling compartment (11) is sufficient, no
moisture contained in the external air enters the compartment. Thus, the humidity detected
by the humidity detector (72) is not changed during the set time. Consequently, the
performance determinator (82) determines, based on the change in in-compartment humidity,

20  the performance of the cooling compartment (11) during the period for stopping the
evaporator (35).
[0034] A ninth aspect of the invention is intended for the refrigerating apparatus of any
one of the third to eighth aspects of the invention, in which the refrigeration cycle unit (30)
includes an in-compartment fan (36) configured to circulate air in the cooling compartment

25  (11) such that the air in the cooling compartment (11) passes through the evaporator (35),
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15 second aspect of the invention, which further includes a defrosting end determinator (85) configured to
terminate a defrosting operation of the evaporator (35) when an amount of frost on the evaporator (35)
falls below a predetermined amount during the defrosting operation. The diagnosis process executer (81)
is configured to alternately execute a cooling operation for cooling an inside of the cooling compartment
(11) by the evapttdbsr@(asis QFR:PQ%EHWB&@&;M%%{ISW%%%@%@%Eﬁ%ﬂﬁ@ﬂﬁﬁ@éﬁ%ﬁ?@

performed after the cooling operation and the cooling operation is resumed when the defrosting end

determinator (85) SrFRA{R ARFARLFAILRR § SPIORTBIYCEHTd the performance determinator (82) is

configured {0 deieine e g incen of e soolpcompenment ) b comeaing efyesn on

execution time tor a ermine osting operation and an execution ora rosting

operation preVi%‘éli%tﬁﬁ?eﬂﬁ%%eé?ﬁﬂéi@%%fé HRgLoPeraiiano [RAZ0}ndhe, [ith f3pechnfHgdRvention,

the cooling operation and the defrosting operation are alternately executed in the diagnosis process. That

is, the de_fr@stinawﬁ%U%§§m§%§Q@B@gﬁhﬁe9mm%&¢q@jpme%sﬁed&ﬁliqﬁ@gnn9 Bind dgterminator
(85) terminates the defrosting operation, the cooling operation is resumed. Subsequently, the 5defrosting
operation is resisigdof the cooling compartment (11) can be quickly cooled. When the air inside the
cooling compartment (11) is cooled to equal to or lower than a dew-point temperature in the
foregoing manner, moisture in the air is condensed, thereby dehumidifying the air. As a
result, since the change in in-compartment humidity due to the entering of external air
10  becomes notable, determination accuracy of the airtightness of the cooling compartment (11)
by the performance determinator (82) is improved.
[0036] A tenth aspect of the invention is intended for the refrigerating apparatus of any one
of the first to ninth aspects of the invention, in which the cooling compartment (11) is a
trailer (11) mounted in a refrigerated vehicle (10).
15 [0037] In the tenth aspect of the invention, the cooling compartment (11) cooled by the
refrigerating apparatus of any one of the first to ninth aspects of the invention is the trailer
(11) mounted in the refrigerated vehicle (10). The trailer (11) is relatively large, and
therefore it is difficult to ensure the airtightness at, e.g., the attachment part (opening (14)) of
the trailer (11) to the casing body (21) or a door of the trailer (11). In manufacturing of the
20  trailer (11), e.g., a wall surface of the trailer (11) may not be sufficiently thermally insulated.
However, in the refrigerating apparatus of the present invention, the airtightness and the

thermal insulating performance of the trailer (11) can be determined by an automatic process

(diagnosis process), and a suitable action can be taken to deal with the determination result.

25 ADVANTAGES OF THE INVENTION
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[0021] Suppose that sufficient airtightness of the cooling compartment (11) is ensured. When the cooling
operation and the defrosting operation are alternately performed, the execution time for the defrosting
operation is gradually shortened. This is because the evaporator (35) is defrosted by the defrosting

operation and the humidity inside the cooling 10 compartment (11) is gradually decreased due to
discharge of méfi@tplvatBriereiitsidetin e topipansitiona sl aeiating (AP PR  alis kpsBedne dfount of

frost on the evaporator (35) is gradually decreased, and therefore timing for terminatin%_the defrosting
operation is adYRA¥AE. (A4 erg%u?eozmi%@aﬁ%‘%%g%ﬁht%ﬁaémgdléqpéfs@rjrb U5e71398P°18 RIVGRESr than an

execution time for revious defrosting .operatign,, 15[0022] On the other hand, if the airtightness of the
poprmg et ol ol e e R R Al R A

operation, re-ingigaseeh die 19)(he ERiSHNG of SHIEMA Al TRy ALED ARSSoE BSFRURR e for the

current defrosting operation is 'not much shorter than the execution time for the previous defrosting

operation, is eqya) to #igLxegULRRIKY & foERMATAH AR GO TIRIARERHABY Peth tendrs 28ign the
execution time for the previous defrosting operation. [0023] Thus, the performance determinator (82)

determines the iityof2mess aidheon)inp confantapniotibliby compasinaltiegxec o timgibgtween the
current defrosting operation and the previous defrosting operation.
compartment (11) can be automatically recognized, and a prompt action can be taken to deal
with such defects. As a result, the degradation of the energy saving properties of the
refrigerating apparatus due to the lowering of the performance of the cooling compartment

10  (11) can be avoided in advance.

[0039] In particular, according to the second aspect of the invention, the airtightness (i.e.,
the entering of external air into the compartment) of the cooling compartment (11) which
greatly influences a cooling performance of the refrigerating apparatus and frosting inside the
compartment can be quickly determined.

15 [0040] According to the third aspect of the invention, the airtightness of the cooling
compartment (11) can be determined by using the period from the predetermined point after
the start of the cooling operation to the start of the defrosting operation. In addition,
according to the fourth aspect of the invention, the airtightness of the cooling compartment
(11) can be determined by using the period from the start of the defrosting operation to the

20  termination of the defrosting operation. Moreover, according to the fifth aspect of the
invention, the cooling operation and the defrosting operation are alternately performed, and
the airtightness of the cooling compartment (11) can be easily determined by comparing the
execution time between the current defrosting operation and the previous defrosting

operation. According to the sixth aspect of the invention, the cooling operation and the

25  defrosting operation are alternately performed, and the airtightness of the cooling

13



[0024] A sixth aspect of the invention is intended for the refrigerating apparatus of the 25second aspect of
the invention, which further includes a defrosting start determinator (83) configured to start a defrosting
operation of the evaporator (35) when an amount of frost on the evaporator (35) exceeds a predetermined
amount. The diagnosis process executer (81) is configured to alternately execute a cooling operation for
cooling an insid® BPAREEB0(HY EaMPRRHIBAERIEINHP Y SRAPRIAE r 185 Erit BReliesrBANYR§ b PEration
such that the 5 defrosting start determinator (8@?){ starts the defrosting operation after the cooling operation

and then the coMFR SR G FEaHOD AR He RSBV IAWS SeIARAEL AL terminator (82) is configured to

determine the ajgighiness of e, seqling comparmeny (L) by sompariag betasn an greglipn tme for a
predetermlned 00lIng operaton ana an execution time 1or a cool ng operafion previouso the

predetermined conlipganassioneAINGZSHL e SASRARSHAT Wiussian, e coplipsgapraton and

the defrosting operation are‘alternately executed. If the airtightness of the cooling compartment’(11) is

sufficient, tge eK&ﬁHHﬁméHPdﬁif)’rcﬂﬂeo@Qfé%%@rﬁ\}ig_ﬁH@ g{@féHﬁ%%@ extRRgReRInisdRaRRYSEIRE
evaporator (35) is defrosted by the defrosting operation and the humidity inside the cooling compartment
(11) is graduallysiesiemsad(duedteifisthatgecperm@died wasertisular, according to the eighth aspect of

the invention, the entering of external air into the compartment, i.e., the airtightness of the

cooling compartment (11), can be easily determined by using the change in humidity inside

the cooling compartment (11) during the rest operation.

10 [0042] In the ninth aspect of the invention, the in-compartment fan (36) is, during the
cooling operation of the diagnosis process, operated to actively circulate air inside the cooling
compartment (11). Thus, the cooling compartment (11) can be quickly cooled, and the
performance of the cooling compartment (11) can be quickly determined. In addition, since
air inside the cooling compartment (11) is cooled to equal to or lower than the dew-point

15  temperature, the humidity inside the cooling compartment (11) can be quickly decreased.
That is, since moisture originally contained in air inside the cooling compartment (11) is
quickly removed, a change in moisture due to the entering of external air can be easily
recognized, and therefore the determination accuracy of the airtightness of the cooling
compartment (11) can be improved.

20  [0043] In the tenth aspect of the invention, the performance of the trailer (11) having the
airtightness and the thermal insulating performance which tend to change depending on
processing accuracy and attachment accuracy can be determined. Thus, failure in the
performance of the trailer (11) can be promptly improved, thereby ensuring the energy saving
properties and reliability of the refrigerated vehicle (10).

25
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15 outside the compartment as drain water. Thus, in this case, the amount of frost on the evaporator (35)
is gradually decreased, and therefore timing for starting the defrosting operation is delayed. As a result,
an execution time for a current cooling operation is longer than an execution time for a previous cooling
operation. [0026] On the other hand, if the airtightness of the cooling compartment (11) is 20 insufficient,
the in-compartrBERE R RRRMT T KM PhAdIRHE MY HSESg operation, re-increased due to the entering of

external air. Thus, in such a case, the execution time for the current COO|i? operation is not much longer

than the executidfifthe FolGnt pr%\ﬁoﬂlés(?o%ﬂ?‘@j'%‘?ﬂé’ﬂ(aﬁi'i‘}mggr@ﬁﬂé(ﬁmqﬁg RUHTFAE for the previous

cooling operation, or is ter. than.the.execution time for the previqus cpoling.operation. 25[0027] Thus,
the pertormance determiiRiorkas) et i T o AL S S Ak oY oy
comparing the gxecutinffime between the current cooling operation and the previous cooling operation.

5 [FIG. 3] FIG. 3 is a piping diagram of a refrigeration cycle unit of the
embodiment.
[FIG. 4] FIG. 4 is a schematic block diagram of a controller of the first
embodiment.
[FIG. 5] FIG. 5 is a piping diagram of the refrigeration cycle unit of the
10  embodiment, and illustrates a flow of refrigerant in a cooling operation.
[FIG. 6] FIG. 6 is a piping diagram of the refrigeration cycle unit of the
embodiment, and illustrates a flow of refrigerant in a defrosting operation.
[FIG. 7] FIG. 7 is a graph illustrating a relationship between the temperature
inside a cooling compartment and a lapse time in a diagnosis process of the first embodiment.
15 [FIG. 8] FIG. 8 is a graph illustrating a relationship between the temperature
inside a cooling compartment and a lapse time in a diagnosis process of a first variation of the
first embodiment.
[FIG. 9] FIG. 9 is a schematic block diagram of a controller of a second
embodiment.
20 [FIG. 10] FIG. 10 is a time chart illustrating a relationship between an operation
state and a lapse time in a diagnosis process of the second embodiment.
[FIG. 11] FIG. 11 is a schematic block diagram of a controller of a first variation
of the second embodiment.
[FIG. 12] FIG. 12 is a time chart illustrating a relationship between an operation

25  state and a lapse time in a diagnosis process of a first variation of the second embodiment.
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[0028] A seventh aspect of the invention is intended for the refrigerating apparatus of the first or second
aspect of the invention, in which the refrigeration cycle unit (30) includes a 5 temperature detector (70)
configured to detect a temperature of air inside the cooling compartment (11), the diagnosis process
executer (81) is configured to perform a cooling operation for cooling an inside of the cooling

compartment (11) to a pfd&etéghinEtPtetdpisrauseppatie Bleshof BIRrIBHI FeriHR iereat apBYEtion for

stopping the evg_%ora_tor
a predetermine

35) after the cooling operation, and resume the cooling operation after a lapse of

RydBEine since the rest operation is started, and the performance determinator (82) is

et time.

configured to determine e PROrEIRNGE of 15, SAPIRPSMPA SRS () Based o2 ehanse o

temperature inside the

invention, the cQ|ing, RBEfiA

Specifically, in the Initia coo%ng

5

10

15

20

25

Ihg compar uring

[FIG. 15] FIG. 15 is a schematic block diagram of a controller of other

embodiment.

DESCRIPTION OF EMBODIMENTS
[0045] Embodiments of the present invention will be described below in detail with
reference to drawings. Note that the embodiments described below have been set forth
merely for the purposes of preferred examples in nature, and are not intended to limit the
scope, applications, and use of the invention.
[0046] <<First Embodiment of the Invention>>

Referring to FIG. 1, a refrigerating apparatus (20) of the present invention is a
trailer refrigerating apparatus to be mounted in a trailer (11) of a refrigerated vehicle (10).
The refrigerated vehicle (10) is for transporting, e.g., fresh food and frozen food by road or
rail. The refrigerated vehicle (10) includes the trailer (11) serving as a cooling compartment,
and a tractor (12) configured to tow the trailer (11).
[0047] The trailer (11) is formed in an elongated rectangular parallelepiped box shape
extending in a traveling direction (i.e., a longitudinal direction) of the refrigerated vehicle (10)
and opening at a front end thereof. An in-compartment space (13) in which a target(s) to be
cooled, such as frozen food, is stored is formed inside the trailer (11). An opening (14) is
formed at the front end of the trailer (11), and the refrigerating apparatus (20) is provided at
the opening (14). An openable door (15) is provided at a rear end of the trailer (11). A not-

shown thermal insulator made of, e.g., foamed resin is embedded in each of wall surfaces of

16
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150peration, the inside of the cooling compartment (11) is cooled to the predetermined temperature by
the evaporator (35). Subsequently, the rest operation is executed, and the evaporator (35) is stopped.
The cooling operation is, after the lapse of the set time since the rest operation is started, resumed to
re-cool the inside of the cooling compartment (11). [0030] If the airtightness or the thermal insulating
performance oftﬂ‘iéré%lﬂé)compartment 20 (11) is lowered as compared to the potential performance of
the cooling compartment é%)&? the _in-com%a_rtme_nt temé)erature is relatively sharply increased during the

set time (i.e., th ?)Aé%od? F%WQHB PIYES ngéfﬁwgﬁﬁ_ aﬁ%ﬁed) from the start of the rest operation to the
e e O o e A s S
moderately incr&gﬁ%grgalr{g%ggg ﬁﬁtSBEr‘ﬁnEhdiﬁy,”aﬁdoﬂfé?F@&%& cycle unit (30) formed by various
5  components configured to cool the in-compartment space (13).
[0049] The casing body (21) is attached to an outer peripheral part of the opening (14) of
the trailer (11) through fixing members (16) such as bolt nuts. Thus, the in-compartment
space (13) of the trailer (11) is hermetically closed by the casing body (21). Note that a
sealing material (not shown in the figure) configured to fill a clearance formed between the
10  casing body (21) and the opening (14) of the trailer (11) is provided between the casing body
(21) and the opening (14) of the trailer (11).
[0050] A protrusion (22) protruding toward the front is formed in an upper part of the
casing body (21), and a flat plate part (23) which is substantially flush with the opening (14)
of the trailer (11) is formed in a lower part of the casing body (21). The casing body (21)
15 includes three members (24, 25, 26) stacked on each other in a thickness direction of the
casing body (21) and having a substantially identical shape. Specifically, the casing body
(21) includes the outside-compartment casing part (24) facing outside the compartment
(outside a room), the in-compartment casing part (25) facing inside the compartment (in-
compartment space (13)), and the thermal insulating casing part (26) interposed between the
20  outside-compartment casing part (24) and the in-compartment casing part (25). The outside-
compartment casing part (24) is made of, e.g., aluminum. The in-compartment casing part
(25) is made of, e.g., fiber-reinforced plastic (FRP). The thermal insulating casing part (26)
is made of, e.g., foamed resin having excellent thermal insulating properties. The thermal
insulating casing part (26) is formed by filling a clearance between the outside-compartment

25  casing part (24) and the in-compartment casing part (25) with foamed resin. Note that a
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determinator (82) determines, based on the change in in-compartment temperature, the performance of
the cooling compartment (11) during the period for stopping the evaporator (35). [0031] An eighth aspect
of the invention is intended for the refrigerating apparatus of the 5 seventh aspect of the invention, in
which the refrigeration cycle unit (30) includes a humidity detector }72) configured to detect a humidity of
air inside the cdBHGREMPAEFRRNE (1 1he digyraids AEddg dte M 0 e 2y iddrHRRERED determine
the airtightness of the cogling compartment (11) based on a chan%;) in humidig/ during the set time.

[0032] In the ei§FBRHEL BroHYaU A MRIhPeHe R I G ARTRA 179 @ HRARGEdaW the 10 refrigeration
O B R I T RS0 B D e
operation. compartment), a first support plate (27) is provided closer to an upper part of the flat plate
5 part (23), and a second support plate (28) is provided closer to a lower part of the flat plate
part (23). A compressor (31) and a radiator (32) are placed on the first support plate (27),
and an engine generator (33) is placed on the second support plate (28). An outside-
compartment fan (34) (not shown in FIG. 2) is provided near the radiator (32).
[0052] In the in-compartment space (13), a divider (29) is provided near the casing body
10 (21). The divider (29) vertically extends so as to be apart from a bottom part of the trailer
(11) and a top part of the trailer (11) a predetermined distance. This forms a circulation path
(18) between the in-compartment casing part (25) and the divider (29). In the circulation
path (18), an evaporator (35) and an in-compartment fan (36) are provided. The in-
compartment fan (36) is arranged above the evaporator (35), and is configured to upwardly
15  deliver air from a lower part of the circulation path (18). That is, the in-compartment fan
(36) is provided downstream of the evaporator (35).
<Configuration of Refrigerant Circuit of Refrigeration Cycle Unit>
The refrigeration cycle unit (30) includes a refrigerant circuit (40) configured to
perform a vapor compression refrigeration cycle. The refrigerant circuit (40) includes a
20  plurality of refrigerant pipes and various components connected to the refrigerant pipes. The
refrigerant circuit (40) is filled with predetermined refrigerant.
[0053] Referring to FIG. 3, the refrigerant circuit (40) includes a main circuit (41), a hot
gas bypass circuit (42), and a subcooling circuit (43). The compressor (31), the radiator
(condenser) (32), an expansion valve (37), and the evaporator (35) are, in this order,

25  connected together in series in the main circuit (41).
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[0033] Suppose that a clearance is formed in the cooling compartment (11), and external air enters the
compartment. Since moisture contained in the external air enters the 15 compartment, the humidity
detected by the humidity detector (72) is increased during the set time. On the other hand, if the
airtightness of the cooling compartment (11) is sufficient, no moisture contained in the external air enters
the compartmemQEI‘Hus,Tﬁ%qqmﬁﬁﬁﬁwrdéﬂéd%!ﬂ‘@ﬁﬁ MEHAMRAty B E0PE AU e EIgarRgca Bilfg the set
time. Consequer%thgﬁerformanqe determinator (82) determines, based on the change in

in-compartmenf HABRIAS ' Sb R HUFrm S &oLFt iR L 3RSy A i D1RMRE A (18) QIS B&Nié for
A L LR TR L i
(30) that the operating capacity thereof is variable. The radiator (32) and the evaporator (35) are
5 fin-and-tube heat exchangers. As described above, the radiator (32) is arranged outside the
compartment. The outside-compartment fan (34) is provided near the radiator (32). In the
radiator (32), heat is exchanged between outside-compartment air and refrigerant. As
described above, the evaporator (35) is arranged inside the compartment. The in-
compartment fan (36) is provided near the evaporator (35). In the evaporator (35), heat is
10  exchanged between in-compartment air and refrigerant. A drain pan (44) is provided below
the evaporator (35). The drain pan (44) is formed in a shallow container shape opening at an
upper end thereof. For example, frost or ice blocks dropped from the evaporator (35), or
dew condensation water formed by condensation of air are collected in the drain pan (44).
The expansion valve (37) is configured such that the opening degree thereof is adjustable to
15  multiple levels by a pulse motor.
[0055] Ina high-pressure gas pipe (45) between the compressor (31) and the radiator (32),
an oil separator (47), a check valve (CV), and a first motor-operated valve (MV1) are
provided in this order. An oil return pipe (47a) of the oil separator (47) is connected to the
subcooling circuit (43). In the oil return pipe (47a), a capillary tube (CP) is provided. The
20  check valve (CV) allows a flow of refrigerant in a direction indicated by an arrow illustrated
in FIG. 3, and prevents a flow of refrigerant in an opposite direction. The first motor-
operated valve (MV1) is configured such that the opening degree thereof is adjustable to
multiple levels by the pulse motor.
[0056] In a high-pressure liquid pipe (38) between the radiator (32) and the expansion

25  valve (37), a receiver (48), a cooling member (49), a drier (50), a first on-off valve (SV1), and
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includes an in-compartment fan (36) configured to circulate air in the cooling compartment 25(11) such
that the air in the cooling compartment (11) passes through the evaporator (35), and the diagnosis
process executer (81) is configured to operate the in-compartment fan (36) in the cooling operation of the
diagnosis process. [0035] In the ninth aspect of the invention, the in-compartment fan (36) is operated in

the cooling opefaRidt GEIh& EGEBsIS PrateBE VIt KlIBUS Ufteinside ridasEBNii voRdphitniemed

inside the cooling member (49), and a power element of an inverter circuit contacts an outer
part of the cooling member (49) (such a contact state is not shown in the figure). That is, the
cooling member (49) is configured to cool the power element by refrigerant.  The first on-off
5 valve (SV1) is an openable solenoid valve. The drier (50) is configured to trap moisture
contained in liquid refrigerant flowing from the radiator (32).
[0057] The plate heat exchanger (51) is configured to cool liquid refrigerant flowing from
the radiator (32). The plate heat exchanger (51) includes a primary path (5la) and a
secondary path (51b). That is, in the plate heat exchanger (51), heat is exchanged between
10  refrigerant flowing through the primary path (51a) and refrigerant flowing through the
secondary path (51b). The primary path (51a) is connected to the main circuit (41), and the
secondary path (51b) is connected to an injection pipe (52) of the subcooling circuit (43).
An inlet end of the injection pipe (52) is connected to part of the main circuit (41) between the
cooling member (49) and the first on-off valve (SV1). An outlet end of the injection pipe
15 (52) is connected to a compression chamber of the compressor (31) in the middle of
compression (in an intermediate-pressure state). In part of the injection pipe (52) on an inlet
side of the secondary path (51b), a second on-off valve (SV2) and a second motor-operated
valve (MV2) are provided. The second on-off valve (SV2) is an openable solenoid valve.
The second motor-operated valve (MV2) is configured such that the opening degree thereof is
20  adjustable to multiple levels by the pulse motor, and serves as a pressure reduction
mechanism configured to reduce the pressure of refrigerant.
[0058] The hot gas bypass circuit (42) includes a single main pipe (52) and two branched
paths (53, 54) (i.e., the first branched pipe (53) and the second branched pipe (54)) branched
from the main pipe (52). An inlet end of the main pipe (52) is connected to part of the high-

25  pressure gas pipe (45) between the check valve (CV) and the first motor-operated valve

20



5 (11) to successively pass through the evaporator (35), thereby cooling the air. Thus, the inside of the
cooling compartment (11) can be quickly cooled. When the air inside the cooling compartment (11) is
cooled to equal to or lower than a dew-point temperature in the foregoing manner, moisture in the air is
condensed, thereby dehumidifying the air. As a result, since the change in in-compartment humidity due

to the entering ¥&4ernHl Hip 107 D&ERAES)NStEME, WeRE YANALGTY AL dtRIEYI8Tthe HIRtigHthE8LHT the

cooling compartment éél/l by the performance determinator (82) is improved. [0036] A tenth aspect of the
invention is inteffti&u & FAREPALER PYLPAIE of any one of the first to ninth aspects of the invention,

in ihich the coplgCoripatmEnt (LIS LIS maNRIad AL aRAsdYElGls (P IRI0037) I

the tenth aspec e invention, mpartment cooled by the refrigerating apparatus of

any one of the fist g pinkpspecis of sheeniphidlie e ) mRWEED U R Hpiatay vehicle

(10). The trailer (11) is relatively large, and therefore it is difficult to ensure the airtightness at, e.g., the

attachmentsparh(opgeinskidden HeRRJEAlIBH (elldQINeaRasideDashr Al ) 2 dapiaiynendradiend 1). In

manufacturing of the 20 trailer (11), e.g., a wall surface of the trailer (11) may not be sufficiently thermally
insulated. Howeyvaictisdthe sgBigasatingnappanatiisodf dhen guieaeadtirventiorndhes aidighingsseasd)the

thermal insulating performance of the trailer (11) can be determined by an automatic process (diagnosis
process), and aasditalsletizcttearcand ertsife oimeaal witheherdetssormnbgod pasul®5). The second
branched pipe (54) is a refrigerant pipe longer than the first branched pipe (53). In addition,
the second branched pipe (54) includes a drain pan heater (56) arranged so as to meander
10 along a bottom part of the drain pan (44). The drain pan heater (56) is configured to heat an
inside of the drain pan (44) by refrigerant. As described above, the hot gas bypass circuit
(42) serves as a bypass circuit configured to supply refrigerant (i.e., high-temperature high-
pressure gas refrigerant discharged from the compressor (31)) compressed in the compressor
(31) to the evaporator (35).
15 [0060] Various sensors are also provided in the refrigerant circuit (40). Specifically, in
the high-pressure gas pipe (45), a high-pressure sensor (60), a high-pressure switch (61), and a
discharge temperature sensor (62) are provided. The high-pressure sensor (60) is configured
to detect the pressure of high-pressure gas refrigerant discharged from the compressor (31).
The discharge temperature sensor (62) is configured to detect the temperature of high-
20  pressure gas refrigerant discharged from the compressor (31). In a low-pressure gas pipe
(57) provided between the evaporator (35) and the compressor (31), a low-pressure sensor
(63) and a suction temperature sensor (64) are provided. The low-pressure sensor (63) is
configured to detect the pressure of low-pressure gas refrigerant sucked into the compressor

(31). The suction temperature sensor (64) is configured to detect the temperature of low-

25  pressure gas refrigerant sucked into the compressor (31).
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25 ADVANTAGES OF THE INVENTION [0038] According to the present invention, in the refrigerating
apparatus attached to the opening (14) of the cooling compartment (11) at the casing body (21), the
diagnosis process for determining the airtightness and the thermal insulating performance of the cooling
compartment (11) is performed to determine the performance of the cooling compartment 5 (11). Thus,

e.g., entering of W&kknalhiPenrierdion RiRtatedlcd fdigh BUeh EHNRIFANFR AN GBSy PPV d&A LThE®pening

(14) or failure in formation of an thermal insulator of the cooling compartment i(lé)gcan be automatically

recognized, and"ETRpt U8 567 RANHRAR TP AT O R HegwRiat e ReSA LGk ISR YEE? Mation of
th i ti fri ti t 1o the | [ f th f ‘ fth
€ energy savihg Qﬂﬁ%zﬁs o ttpbg Egcﬁﬁﬁe{% 'iré é%@%ﬁiff&gggﬁgttm ?10‘{"%[})%%8% P Aselt O%gfrﬂsce ofthe

cooling compar?men can beavoide N particular according 1o t econd
aspect of the '”X&m&ﬁeé% @éw&t}mel%ﬁge?ature of refrigerant right before the refrigerant flows into the

5 secondary path (51b). The first outlet temperature sensor (66) is configured to detect the
temperature of refrigerant right after the refrigerant flows out from the secondary path (51b).
[0062] In the low-pressure liquid pipe (55), a second inlet temperature sensor (67) is
provided on an inlet side of the evaporator (35). The second inlet temperature sensor (67) is
configured to detect the temperature of refrigerant right before the refrigerant flows into the

10  evaporator (35). Inthe low-pressure gas pipe (57), a second outlet temperature sensor (68) is
provided on an outlet side of the evaporator (35). The second outlet temperature sensor (68)
is configured to detect the temperature of refrigerant right after the refrigerant flows out from
the evaporator (35).

[0063] An external air temperature sensor (69) is provided on an inlet side of the radiator

15  (32) outside the trailer (11). The external air temperature sensor (69) is configured to detect
the temperature of outside-compartment air (i.e., the temperature of external air) right after
the outside-compartment air passes through the radiator (32). In the trailer (11), a suction
temperature sensor (70) is provided on the inlet side of the evaporator (35), and a discharge
temperature sensor (71) is provided on the outlet side of the evaporator (35). The suction

20  temperature sensor (70) is configured to detect the temperature of in-compartment air right
before the in-compartment air passes through the evaporator (35). The discharge
temperature sensor (71) is configured to detect the temperature of in-compartment air right
after the in-compartment air passes through the evaporator (35). That is, the suction
temperature sensor (70) serves as a temperature detector configured to detect the temperature

25  of in-compartment air.
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the entering of external air into the compartment) of the cooling compartment (11) which greatly
influences a cooling performance of the refrigerating apparatus and frosting inside the compartment can
be quickly determined. 15[0040] According to the third aspect of the invention, the airtightness of the
cooling compartment (11) can be determined by using the period from the predetermined point after the

start of the coolifgfberMRIBONSthan SfaPOBPAETYBF 4TI Setetior 2)risaRigitiesd Hrerdinidetd ke fourth
aspect of the invention, the airtightness of the coolingscom_ artment (11) can be determined bﬁ}gsing the

period from the S8/ SRRAGEFEEGHE G4 o & th
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operation. According to

operation age alignRalelhng TR e th-estpdieRHitigaaes)ab he GReIHN path (18).

he sixth aspect of the invention, the cooling operation and the 2

defrosting

[0065] In the refrigerating apparatus (20), a controller (80) is provided as a control section

configured to control the refrigeration cycle unit (30). That is, the controller (80) is

configured to control, based on detection signals of the foregoing various sensors, the

rotational speed of the motor of the compressor (31), the rotational speed of a motor of each

10  of the fans (34, 36), the opening degree of each of the motor-operated valves (MV1, MV2)

and the expansion valve (37), an opening/closing state of each of the on-off valves (SV1,

SV2, SV3), etc.

[0066] Referring to FIG. 4, the controller (80) of the present embodiment includes a

diagnosis process executer (81) configured to control the refrigeration cycle unit (30) to

15  execute a diagnosis process for diagnosing airtightness of the trailer (11), and a performance

determinator (82) configured to determine a performance of the trailer (11) in the diagnosis

process. The diagnosis process executer (81) includes an operator (81a) configured to start

the diagnosis process by, e.g., a user, and a controller (81b) configured to control the

refrigeration cycle unit (30) during the diagnosis process. The performance determinator

20 (82) includes a counter (82a) and a computer (82b).

[0067] The controller (80) further includes a defrosting start determinator (83), a defrosting

controller (84), and a defrosting end determinator (85). The defrosting start determinator

(83) is configured to start, when the amount of frost on the evaporator (35) exceeds a

predetermined amount, a defrosting operation for defrosting the evaporator (35). The

25  defrosting controller (84) is configured to control the refrigeration cycle unit (30) in the
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compartment (11) can be easily determined by comparing the execution time between the current cooling
operation and the previous cooling operation. [0041] According to the seventh aspect of the invention, the
rest operation for stopping the evaporator (35) is performed after the cooling operation, and the
performance of the cooling 5 compartment (11) can be determined by using the change in temperature
inside the cooliAgTaSHISaPRPEHP 11 1) BRISKH it Seiich BRILARGIRION (Satilutar g esrdiAg e iRa®iGRth aspect
of the invention, the entering of external air into the compartment, i.e., the airtiahtness of the cooling

compartment (P EHADOREELR RS MIRE B LY (HBEHIhGE if MRy (rRlaf A elyrnge

compartment (112(9 ring the rest erati(m. &%0042 In th{e ninth aspect of the invention, the
. Pt e%gﬁnedgmoun @]urm% ¢ defrosting operariorl.’ . . .
in-compartment fan iS, during the coolihg operation of the diagnosis process, operated to actively

oo naBH B BRSO Tl RSB By
since air ingide §[}cRAMNPG KADRANEsH) ekt i &PHBCeireasal 10 rislWREMI8RIAGHRY B Rfetct
the amount of frost on the evaporator (35). That is, if the amount of frost on the evaporator
(35) is large, heat transfer between refrigerant inside the evaporator (35) and air inside the
trailer (11) is blocked. As a result, a difference (EOS — EIS) between a temperature EIS of
refrigerant flowing into the evaporator (35) and a temperature EOS of refrigerant flowing out
10  from the evaporator (35) is decreased. Conversely, if the amount of frost on the evaporator
(35) is small, the heat transfer between refrigerant and in-compartment air is accelerated.
Thus, the temperature difference (EOS — EIS) is increased. For the foregoing reasons, the
temperature difference (EOS — EIS) of refrigerant on the inlet and outlet sides of the
evaporator (35) is used as an indicator for the amount of frost on the evaporator (35) in the
15  present embodiment.
[0069] More specifically, the defrosting start determinator (83) includes an input section to
which the refrigerant temperature (EIS) detected by the second inlet temperature sensor (67)
and the refrigerant temperature (EOS) detected by the second outlet temperature sensor (68)
are input, and a computing section configured to calculate the temperature difference (EOS —
20  EIS) based on the input values to compare the calculated temperature difference (EOS — EIS)
with a reference value X1 (the foregoing sections are not shown in the figure). If the
temperature difference (EOS — EIS) is less than the reference value X1, it can be determined
that the heat transfer is blocked due to the large amount of frost on the evaporator (35). In

such a case, the defrosting start determinator (83) starts the defrosting operation when the

25  temperature difference (EOS — EIS) becomes less than the reference value X1. Note that the
24



15 temperature, the humidity inside the cooling compartment (11) can be quickly decreased. That is,
since moisture originally contained in air inside the cooling compartment (11) is quickly removed, a
change in moisture due to the entering of external air can be easily recognized, and therefore the
determination accuracy of the airtightness of the cooling compartment (11) can be improved. 20[0043] In
the tenth aspecteHTBRESINGBIStIOR  iSHelpBPRSAHENSEERse efalfarigarayheniing thistandghtieistden@ithe
thermal insulating performance which tend to changﬂe%de endin%on rocessing accuracy and attachment

accuracy can b@%@Y@Pﬂﬁﬁ%ﬁ(%hW@?%ﬂﬁ@ﬂWﬂé’B _ e ?ﬁ@ réﬁae{)ﬁf%caﬁ e ﬁﬂﬂlﬂf@
improved, therely sristing ihe afieroaviaa RLoBSiTieR PRLIBLARKRA) kRIS Rissysigle (10)- 25
is set in the defrosting start determinator (83).

5 [0070] Similarly, the defrosting end determinator (85) includes an input section to which
the refrigerant temperature (EIS) detected by the second inlet temperature sensor (67) and the
refrigerant temperature (EOS) detected by the second outlet temperature sensor (68) are input,
and a computing section configured to calculate the temperature difference (EOS — EIS)
based on the input values to compare the calculated temperature difference (EOS — EIS) with

10  areference value X2 (the foregoing sections are not shown in the figure). If the temperature
difference (EOS — EIS) is greater than the reference value X2, it can be determined that the
heat transfer is accelerated due to defrosting of the evaporator (35). In such a case, the
defrosting end determinator (85) terminates the defrosting operation when the temperature
difference (EOS — EIS) becomes greater than the reference value X2. Note that the

15  reference value X2 is a temperature difference of refrigerant on the inlet and outlet sides of
the evaporator (35) when the amount of frost on the evaporator (35) falls below a
predetermined allowable value. In addition, the reference value X2 is experimentally
obtained in advance, and is set in the defrosting end determinator (85).

[0071] Processes and Operations

20 Next, processes and operations of the refrigerating apparatus (20) will be described.
The refrigerating apparatus (20) is configured to perform a “cooling operation” as a normal
process. In addition, the refrigerating apparatus (20) is configured to perform the diagnosis
process for determining the performance (airtightness and a thermal insulating performance)
of the trailer (11) (details will be described later). Moreover, the refrigerating apparatus (20)

25 is configured to perform, as necessary, the defrosting operation for melting frost adhered to
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[0044] [FIG. 1] FIG. 1 is a side view of a refrigerated vehicle of an embodiment. [FIG. 2] FIG. 2is a
longitudinal sectional view of a refrigerating apparatus of the embodiment. 5[FIG. 3] FIG. 3 is a piping
diagram of a refrigeration cycle unit of the embodiment. [FIG. 4] FIG. 4 is a schematic block diagram

of a controller of the first embodiment. [FIG. 5] FIG. 5 is a piping diagram of the refrigeration cycle
unit of the 10enfSRYRABIR{CRLIP D StefRl ATIeRFralieaPIgEP4HIIACAITBEIRSE operation.

[0072] <Cooling operation>
A basic sequence of the cooling operation will be described with reference to FIGS.
2 and 5.

5 [0073] In the cooling operation, the first on-off valve (SV1) is in an open state, and the
third on-off valve (SV3) is in a closed state. The first motor-operated valve (MV1) is a
fully-open state, and the opening degrees of the second motor-operated valve (MV2) and the
expansion valve (37) are adjusted as necessary. In addition, the compressor (31), the
outside-compartment fan (34), and the in-compartment fan (36) are in operation.

10 [0074] Refrigerant compressed in the compressor (31) is condensed (dissipates heat) in the
radiator (32), and then passes through the receiver (48). After the passage through the
receiver (48), part of the refrigerant flows through the low-pressure liquid pipe (55), and the
remaining refrigerant flows into the injection pipe (52). The pressure of the refrigerant
flowing through the low-pressure liquid pipe (55) is reduced by the expansion valve (37), and

15  then such refrigerant flows into the evaporator (35). In the evaporator (35), the refrigerant is
evaporated by absorbing heat from in-compartment air. In such a manner, air of the in-
compartment space (13) is cooled by the refrigerant. The refrigerant evaporated in the
evaporator (35) is sucked into the compressor (31).

[0075] The pressure of the refrigerant flowing into the injection pipe (52) is reduced to an

20  intermediate pressure by passing through the second motor-operated valve (MV2), and then
such refrigerant flows into the secondary path (51b) of the plate heat exchanger (51). In the
plate heat exchanger (51), heat is exchanged between the refrigerant flowing through the
primary path (51a) and the refrigerant flowing through the secondary path (51b). As a
result, the refrigerant of the primary path (51a) is subcooled, and the refrigerant of the

25  secondary path (51b) is evaporated. The refrigerant flowing out from the secondary path
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[FIG. 6] FIG. 6 is a piping diagram of the refrigeration cycle unit of the embodiment, and illustrates a flow
of refrigerant in a defrosting operation. [FIG. 7] FIG. 7 is a graph illustrating a relationship between
the temperature inside a cooling compartment and a lapse time in a diagnosis process of the first

embodiment. 15 [FIG. 8] FIG. 8 is a graph illustrating a relationship between the temperature inside a
cooling compartPd@hisafitsiedalhsa fitECTARASSH NSRRI i dHErRIRdivigraeRsHTBISIRE HERUShBBdiment.

[FIG. 9] FIG. 9 is a schematic block diagram of a controller of a second embodiment. 20[FIG. 10] FIG. 10
is a time chart ilNEIRHRCL P QS SHFRPTHERA LR AN operation state and a lapse time in a diagnosis

process of the TS&P&]d em%%%%% ﬂ]tg operation, the rotational speed of the motor of the compressor (31)
(i.e., the operating frequency of the compressor (31)) is controlled. Specifically, the

5 operating frequency of the compressor (31) is controlled such that an in-compartment
temperature SS approaches a target temperature SP. More specifically, the operating

frequency of the compressor (31) in the cooling operation is adjusted by a PID control such

that the in-compartment temperature SS converges to the target temperature SP.  In addition,

in the cooling operation, the rotational speed of the motor of the outside-compartment fan

10 (34) is also controlled. Specifically, the rotational speed of the motor of the outside-
compartment fan (34) is controlled such that a pressure HP of high-pressure refrigerant
detected by the high-pressure sensor (60) is maintained constant. The rotational speed of the
motor of the in-compartment fan (36) is controlled at multiple levels depending on a cooling
load inside the compartment.

15 [0077] Inthe cooling operation, the opening degree of the expansion valve (37) is adjusted
by a so-called “superheating degree control.” Specifically, the opening degree of the
expansion valve (37) is controlled such that the superheating degree of low-pressure
refrigerant sucked into the compressor (31) approaches a predetermined set superheating
degree. In addition, in the cooling operation, the opening degree of the second motor-

20  operated valve (MV2) is also adjusted by the superheating degree control. Specifically, the
opening degree of the expansion valve (37) is controlled such that the superheating degree of
intermediate-pressure refrigerant flowing out from the secondary path (51b) of the plate heat
exchanger (51) approaches a predetermined set superheating degree.

[0078] <Defrosting Operation>

25 While the foregoing cooling operation is continuously performed, frost is adhered
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[FIG. 11] FIG. 11 is a schematic block diagram of a controller of a First variation of the second
embodiment. [FIG. 12] FIG. 12 is a time chart illustrating a relationship between an operation
25state and a lapse time in a diagnosis process of a First variation of the second embodiment.

[FIG. 13] FIG. 13 is a schematic block diagram of a controller of a third embodiment. [FIG. 14] FIG.
14 is a graph illifstPeding SFEIERIGhShilSAStNsER BRetemiberaeReriiidésa. chdlisghehpareweiiand a

lapse time in a diagnosis process of the third embodiment. 50[)FIG. 15] FIG. 15 is a schematic block
diagram of a colﬁfpgﬂé)f]%f 0'{"111&§, in the refrigerating apparatus (20), the defrosting operation for defrosting

the evaporator (35) is executed as necessary.
[0079] In the present embodiment, the defrosting start determinator (83) determines
5  whether or not the refrigerating apparatus (20) starts the defrosting operation. Specifically,
the defrosting start determinator (83) calculates, as necessary, the difference (EOS — EIS)
between the temperature EIS of refrigerant flowing into the evaporator (35) and the
temperature EOS of refrigerant flowing out from the evaporator (35). If the calculated
temperature difference (EOS — EIS) is equal to or greater than the reference value X1, it is
10 regarded that heat is sufficiently exchanged between refrigerant and air in the evaporator (35).
Thus, in this case, the cooling operation is continued.
[0080] On the other hand, if the calculated temperature difference (EOS — EIS) is less than
the reference value X1, it is regarded that heat is, due to a large amount of frost, not
sufficiently exchanged between refrigerant and air in the evaporator (35). Thus, in this case,
15  the defrosting operation is executed.
[0081] The defrosting operation of the present embodiment is a so-called “hot gas
defrosting operation.”  Specifically, referring to FIG. 6, the first on-off valve (SV1) and the
second on-off valve (SV2) are in the closed state, and the third on-off valve (SV3) is in the
open state. In addition, the first motor-operated valve (MV1) is, in principle, at the
20 minimum opening degree, and the second motor-operated valve (MV2) and the expansion
valve (37) are in a fully-closed state (zero pulse). Moreover, while the compressor (31) is in
operation, the outside-compartment fan (34) and the in-compartment fan (36) are stopped.
[0082] Refrigerant compressed in the compressor (31) is supplied to the evaporator (35) by
way of the hot gas bypass circuit (42). Specifically, after passage through the main pipe
25  (52), a flow of high-pressure gas refrigerant branches into the first branched pipe (53) and the
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embodiment. DESCRIPTION OF EMBODIMENTS [0045] Embodiments of the present invention will be
described below in detail with 10 reference to drawings. Note that the embodiments described below have
been set forth merely for the purposes of preferred examples in nature, and are not intended to limit the

scope, applications, and use of the invention. [0046] <<First Embodiment of the Invention>> Referring to
FIG. 1, a refrigsf4ARY BispaietuBire OPBE théhsréekEiseialie HawiNg tto the second branched pipe (54)

passes through the drain pan heater (56). In such a state, e.g., ice blocks dropped from the
surface of the evaporator (35) are collected in the drain pan (44). The ice blocks etc. are
heated and melted by the refrigerant flowing through the drain pan heater (56). The melted
5  water is discharged to outside the compartment through a predetermined flow path.
[0083] The refrigerant flowing out from the drain pan heater (56) joins the refrigerant
flowing out from the first branched pipe (53), and then flows into the evaporator (35). The
high-pressure gas refrigerant (so-called “hot gas”) circulates through the heat transfer pipe of
the evaporator (35). Thus, in the evaporator (35), frost adhered to the periphery of the heat

10  transfer pipe is gradually heated from the inside of the heat transfer pipe by the refrigerant.
As a result, the frost adhered to the evaporator (35) is gradually melted, and then is dropped
from the heat transfer pipe. The frost (ice blocks) dropped from the heat transfer pipe is
collected in the drain pan (44). The refrigerant used for defrosting the evaporator (35) is
sucked into the compressor (31), and then is compressed.

15 [0084] After frost (ice blocks etc.) dropped from the evaporator (35) in the defrosting
operation is collected in the drain pan (44), the frost is heated into liquid by the drain pan
heater (56). The liquid (so-called “drain water”) is discharged from the drain pan (44) to
outside the trailer (11) through the predetermined discharge path.

[0085] <Diagnosis Process>

20 As described above, the refrigerating apparatus (20) is configured to perform the
diagnosis process for diagnosing the airtightness of the trailer (11) serving as the cooling
compartment. The diagnosis process is executed after the casing body (21) is attached to the
opening (14) of the trailer (11). Note that the diagnosis process is, in the present
embodiment, executed in such a manner that, e.g., a user handles the operator (81a).

25 However, e.g., after the refrigerating apparatus (20) is attached to the trailer (11), the
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15 trailer refrigerating apparatus to be mounted in a trailer (11) of a refrigerated vehicle (10). The
refrigerated vehicle (10) is for transporting, e.g., fresh food and frozen food by road or rail. The
refrigerated vehicle (10) includes the trailer (11) serving as a cooling compartment, and a tractor (12)
configured to tow the trailer (11). [0047] The trailer (11) is formed in an elongated rectangular
parallelepiped ¥308PRHRIOBSTRBARRY MNAtFalE RrECHiPE G6GA tidal AMsssitudinal direction) of the
refrigerated vehicle (10) and opening at a front end thereof An in-compartment space (13) in which a
target(s) to be d8BH8, sM‘@P*?%ﬁﬁ&?&%&@f‘?&eﬁdﬁeﬁ%%‘}n%8%%519e°5‘?éaﬂ%{?|é?r(i‘iﬁ'.' W ERIRG (14) is

e DA A T R B A RS eens
made of, e.g., f?&%%%éeﬁggliﬁgemﬁﬂ%ﬁg dBe‘?zﬂg@ R)f Wb%rtﬁg%fﬁgemﬁo“a&%ie(]iﬂr)the refrigerant
5 circuit (40), and the trailer (11) (i.e., the inside of the compartment) is cooled by the
evaporator (35). In addition, in the cooling operation, the outside-compartment fan (34) and
the in-compartment fan (36) are in operation as in the foregoing cooling operation.
[0087] Referring to FIG. 7, in the diagnosis process, the cooling operation is first executed,
and therefore in-compartment air of the trailer (11) is cooled such that the temperature inside

10  the trailer (11) approaches a predetermined target temperature (e.g., —-5°C). The cooling
operation continues for a predetermined time set in the diagnosis process executer (81).
Note that the set time is a time for which air dehumidification is performed by cooling air
inside the trailer (11) to equal to or lower than a dew-point temperature and condensing
moisture contained in the air.

15 [0088] That is, in the diagnosis process, when the cooling operation is first executed, air
(having a temperature of, e.g., 30°C) inside the trailer (11) is gradually cooled to equal to or
lower than the dew-point temperature (e.g., 10°C). In such a manner, moisture contained in
the air is condensed, thereby dehumidifying the air. Subsequently, after a lapse of the
predetermined set time since the cooling operation is started, the counter (82a) is actuated.

20  That is, in the diagnosis process, after a lapse of the predetermined time since the cooling
operation is executed, the counter (82a) is actuated at a point t1.

[0089] Subsequently, as the cooling operation further continues, the temperature of in-
compartment air of the trailer (11) is further decreased. Suppose that a clearance is, in the
diagnosis process, formed between the opening (14) of the trailer (11) and the casing body

25  (21) due to insufficient attachment of the casing body (21) to the opening (14) of the trailer

30



[0048] <Configuration of Refrigerating Apparatus> Referring to FIG. 2, the refrigerating apparatus
(20) includes a casing body (21) configured to close the opening (14), and a refrigeration cycle unit (30)
formed by various 5components configured to cool the in-compartment space (13). [0049] The casing
body (21) is attached to an outer peripheral part of the opening (14) of the trailer (11) through fixing
members (16) ddith a¥f Bostt HUtGtPeRIOtiee iHadSdA iR doiveise der(i) toreaeineairasq1 eat dridetically
closed by the casin%:tbo%%lgthote that a sealing material (not shown in the Q%J?gcconfigured to fill a
clearance form& HGE BICQQﬁ@%@ﬂ)}@ﬁ%%é@&%@ﬁ%"{fﬂ%ﬁ@ fRiCe4 RO bifsvided
between the caging b (21).and the opeping (14) of the trailer (11). [005Q] A protrusion (22) protruding
toward the fron{Sr %%&ﬁ%{i in%nau;r)eﬁgﬁ’pgrf%?[ﬁﬁéma)ge tﬁa? H%e n m?)a[ merﬁ Sp'ﬁe t&é% can O% be
efficiently cooled although a desired performance of the refrigeration cycle unit (30) is
5 realized is caused. For such a reason, in the diagnosis process, the airtightness of the trailer
(11) is automatically determined.
[0090] Specifically, suppose that external air enters the in-compartment space (13) of the
trailer (11) after the cooling operation is executed and the counter (82a) is actuated at the
point t1. In such a case, moisture contained in external air gradually enters the in-
10 compartment space (13). Thus, moisture contained in air flowing through the circulation
path (18) and passing through the evaporator (35) is adhered to the surface of the evaporator
(35), and is formed into frost. That is, if the airtightness of the trailer (11) is insufficient, the
amount of frost on the evaporator (35) is gradually increased. In the diagnosis process, the
amount of frost on the evaporator (35) is detected by the foregoing frost detectors (i.e., the
15  second inlet temperature sensor (67) and the second outlet temperature sensor (68)).
[0091] More specifically, if the defrosting start determinator (83) determines, after the
point t1, that the temperature difference (EOS — EIS) of refrigerant on the inlet and outlet
sides of the evaporator (35) is less than the reference value X1, the defrosting operation is
executed as described above. The counter (82a) measures a time Atl from the point t1 to a
20  point t2 at which the defrosting operation is started. At this point, if the time Atl is shorter
than a predetermined reference time Atsl, it can be determined that the amount of frost on the
evaporator (35) is increased because moisture enters the compartment due to entering of
external air. Thus, when the computer (82b) of the performance determinator (82)

determines that the time Atl is shorter than the reference time Atsl, it is determined that

25  external air enters the compartment, and an alert informing “entering of external air
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casing body (21), and a flat plate part (23) which is substantially flush with the opening (14) of the trailer
(11) is formed in a lower part of the casing body (21). The casing body (21) 15 includes three members
(24, 25, 26) stacked on each other in a thickness direction of the casing body (21) and having a
substantially identical shape. Specifically, the casing body (21) includes the outside-compartment casing
part (24) facing BtdfideR 2 iEBoRPIEFIN SR tiSRIBRIE A BIPIAESH-cAmiisar e ter ¥yt ParlgE 9P facing
inside the compartment (in-compartment space (13)), and the thermal insulating casing Eart (26)

interposed betviReITHEYE Yu LRRRE SHAPUIFINGHNRES FIER R (5 4P ARRf MeNR LR ddrtne APEE g part
25). Th ide- ' 24) i de of, e.q., ' . The in- i
ot (25) 9 madB S o R BRI Ik, TS, AL S el T b B ks mad

part (25) is madé of, e.g c}e plastic erma sing pa is made

of 0. loameq sesin b3yl pecRlenbinerma) NSHAG RIRRE s, The 1Bl nekiatog e par

(26) is formed by Ttilling a clearance between the outside-compartment 25casing part
in-compart@'nenwﬁ.sing part (25) with foamed resin. Note that a

[0092] On the other hand, if the time Atl is longer than the reference time Atsl, it can be
regarded that not so much moisture enters the compartment and the amount of frost on the
evaporator (35) is small. Thus, when the computer (82b) of the performance determinator
(82) determines that the time Atl is equal to or longer than the reference time Atsl, it is

10 regarded that no external air enters the compartment, and an alert informing “no entering of

external air (sufficient airtightness)” is displayed on the display (86).
[0093] Advantages of First Embodiment

According to the first embodiment, in the refrigerating apparatus (20) attached to
the opening (14) of the trailer (11) at the casing body (21), the diagnosis process for

15  determining the airtightness of the trailer (11) can be executed. This allows a user etc. to
promptly recognize that a clearance is formed at the opening (14) or the door (15) of the
trailer (11). Thus, the airtightness of the trailer (11) can be promptly improved upon
attachment of the refrigerating apparatus (20), and energy saving properties of the entire
apparatus can be improved.

20  [0094] In the foregoing embodiment, the entering of external air is determined by using
timing (Atl) for starting the defrosting operation which is also executed in the normal cooling
operation. Thus, it can be determined, without adding a special device, whether or not
external air enters the trailer (11).

[0095] In the foregoing embodiment, the in-compartment fan (36) is operated during the

25  cooling operation of the diagnosis process to circulate air in the in-compartment space (13).
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front cover (not shown in the figure) is attached outside (in front of) the outside-compartment casing part
(24) to cover a front part of the outside-compartment casing part (24). [0051] On a front surface of the flat
plate part (23) of the casing body (21) (i.e., outside the compartment), a First support plate (27) is
provided closer to an upper part of the flat plate 5 part (23), and a second support plate (28) is provided

closer to a lowelyartlr HaTdL bloan parailly soskshpRss§B19( B ShRa el 466 r9i82) sl 5REEET on the
First support plate (27), and an engine generator (33) js placed on the second support plate (28). An
outsiole-compar'ﬂi'naér‘i{t 0y E%B%H%%Wﬁt%eﬁ%h%%' ORESHIAR 5 it 5RHALAR P52 RIIBY] ThEthe
in-compartment space (13), a divider (29) is provided near the casing.body 10 (21). The divider (29)
vertically exten(qg\'%)%g{té B‘@%{E}gFF fr%}%’a%o l)r% p’Bﬂ'%Wt%eCCEPé?I'QF 1'{’) %ffz'/d :3 ﬁyﬁ dﬁrlrﬁbef it tFSiler (11) a

predetermined dista[}lce. This {orms a circulation Pﬁ%% r%l%}tbetween the in-ggm&)%gmerat czﬁ?ine% part (25)

and the divider?ﬁg)a} %nthem&'rscﬂﬁgtigﬂnp%{ﬂ?d(lér)], an evapora %r}t(s‘gf afid'an m-comﬁ%%?rhent%n%%) are

provided. 751 WeFAMARYME h(ANOLAIRABART R BRI YARLAHe Goitn 3 G1E HTHBHESE (°

upwardly 15deliver air from a lower part of the circulation path (18). That is, the iIn-compartment fan
after the cooling operation, entering of moisture into the compartment due to the entering of

external air can be more accurately determined.
[0096] <Variations of First Embodiment>
In the first embodiment, variations each having a configuration described below can
10  be employed.
[0097] First Variation of First Embodiment
In the first embodiment, the entering of external air into the trailer (11) is
determined by using the time Atl between the point t1 at which the predetermined time is
elapsed since the cooling operation is started and the point t2 at which the defrosting
15  operation is started. However, the entering of external air into the trailer (11) may be
determined based on a time at which the defrosting operation is executed.
[0098] Specifically, the performance determinator (82) of the first variation of the first
embodiment determines, referring to FIG. 8, the airtightness of the trailer (11) based on a time
At2 between the point t2 at which the defrosting operation is started and a point t3 at which
20  the defrosting operation is terminated. More specifically, when the diagnosis process is
executed, the cooling operation is first performed as in the first embodiment. During the
cooling operation, when the temperature difference (EOS — EIS) in the evaporator (35)
becomes less than the reference value X1, the defrosting start determinator (83) starts the
defrosting operation. The counter (82a) detects the point t2 at which the defrosting

25  operation is started.
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(36) is provided downstream of the evaporator (35). <Configuration of Refrigerant Circuit of Refrigeration
Cycle Unit> The refrigeration cycle unit (30) includes a refrigerant circuit (40) configured to perform a
vapor compression refrigeration cycle. The refrigerant circuit (40) includes a 20plurality of refrigerant
pipes and various components connected to the refrigerant pipes. The refrigerant circuit (40) is filled with

predetermined FE#A8kranteDOsHHEeIFifiestH I RBeralieRdis PRIFE AR diRstip(408 inarRIea 3%t circuit

(41), a hot : : : : :
melted. During the defrosting operation, when the temperature difference (EOS — EIS) in

the evaporator (35) becomes greater than the reference value X2, the defrosting end
determinator (85) terminates the defrosting operation. The counter (82a) measures the time
5  At2 between the point t2 and the point t3 at which the defrosting operation is terminated. If
the time At2 is longer than a predetermined reference time Ats2, it can be determined that the
amount of frost on the evaporator (35) is increased due to entering of external air and a time
for removing the frost is extended. Thus, when the time At2 is longer than the reference
time Ats2, the performance determinator (82) determines that external air enters the

10 compartment, and displays an alert informing “entering of external air (insufficient
airtightness)” on the display (86). A user etc. can view the alert on the display (86), thereby
recognizing that a clearance is formed in the trailer (11). Thus, the user etc. can take prompt
action to fill the clearance of the trailer (11). Note that the reference time Ats2 is a value
experimentally obtained in advance and is set in the controller (80).

15 [0100] On the other hand, if the time At2 is shorter than the reference time Ats2, it can be
determined that not so much moisture enters the compartment and the amount of frost on the
evaporator (35) is small. Thus, when the time Atl is equal to or longer than the reference
time Atsl, the performance determinator (82) determines that no external air enters the
compartment, and an alert informing “no entering of external air (sufficient airtightness)” is

20  displayed on the display (86).

[0101] Second Variation of First Embodiment

In each of the foregoing embodiments, the reference times Atsl, Ats2 for
determining the airtightness of the trailer (11) are predetermined fixed values. However, the
reference times Atsl, Ats2 may be corrected depending on outside-compartment air

25 conditions.
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gas bypass circuit (42), and a subcooling circuit (43). The compressor (31), the radiator (condenser) (32),
an expansion valve (37), and the evaporator (35) are, in this order, 25connected together in series in the
main circuit (41). [0054] The compressor (31) includes a motor (not shown in the figure) configured to
drive a compression mechanism. The rotational speed of the motor of the compressor (31) is controlled at
multiple levels BY18RlinvEkaérsTHAKIS Nt s GRipreBsor it (Klboheigined dudis tHbe aeeieshBratitg capacity
thereof is variable. The radiator (32) and the evaporator (35) are 5 fin-and-tube heat exchangers. As
described abovdieé FEiaeingIPeistion andedalitaldbeHel @sHngapaiatitnTe dirside-sentiartitent fan
(34) is provided near the radiator (32). In the radiator (32), heat is exchanged between _
outside-compamRfiidt farr hp deiEpsts aneralioBaeabEel A8 0 fAFRIRIDGSHTRREINEHS (B 3iR§adNEside the

compartment. The in-compartment fan (36) is provided near the evaporator (35). In the evaporator (35),
heatpis on the humidity of external gﬁ) ThFL)JS, when the humidity o?%xternal i?;’ ig extremely r?iBh or (35)

5 low, if the airtightness of the trailer (11) is determined based on the reference time Atsl, Ats2
which is the fixed value, the determination result may be incorrect. For such a reason, an
external air humidity detector configured to detect the humidity outside the compartment may
be provided to correct the reference time Atsl, Ats2 depending on the detected external
humidity. Specifically, e.g., if the external air humidity is relatively high, it is likely that the

10  amount of frost on the evaporator (35) is increased due to entering of external air. In such a
case, the reference time Atsl is corrected to a longer time, or the reference time Ats2 is
corrected to a shorter time. Conversely, if the external air humidity is relatively low, the
reference time Atsl is corrected to a shorter time, or the reference time Ats2 is corrected to a
longer time. In such a manner, the airtightness of the trailer (11) can be determined

15  considering the humidity of external air, resulting in improvement of accuracy of the
determination result. Note that the external air humidity detector may be a humidity sensor
arranged outside the compartment, or may be, e.g., the in-compartment humidity sensor (72)
configured to detect the humidity of in-compartment air before the in-compartment space (13)
is cooled. That is, in the trailer (11), the humidity of in-compartment air before the in-

20  compartment space (13) is cooled is substantially equal to the humidity of outside-
compartment air.  Thus, in such a manner that the humidity of in-compartment air is detected
by the in-compartment humidity sensor (72) right before the diagnosis process is started, the
humidity of outside-compartment air can be substantially detected.

[0103] Third Variation of First Embodiment

25 The first embodiment and the first variation of the first embodiment may be
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10 exchanged between in-compartment air and refrigerant. A drain pan (44) is provided below the
evaporator (35). The drain pan (44) is formed in a shallow container shape opening at an upper end
thereof For example, frost or ice blocks dropped from the evaporator (35), or dew condensation water
formed by condensation of air are collected in the drain pan (44). The expansion valve (37) is configured
such that the oefipigede§asthererdbiisindiustanneriermsasaldsiermainaierb(ad plitsdimp il @USHEIN a
high-pressure gas pipe (45) between the compressor (31) and the radiator (32), an oil separator (47), a
check valve (CVofesaigeatimstiisdtBlay pecaaaarehie grl Diefe gbihedimAamisistdes re{areireditg pipe
(47a) of the oil separator (47) is connected to the subcooling circuit (43). In the oil return pipe (47a), a
capillary tube (@£ iM350RIGEOT FRTEOTER ok SARIVOTEY) aHeils2a TEb IBRtieRifataelt imBrevesciivn
indicated by an arrow illustrated in FIG. 3, and prevents a flow of refrigerant in an opposite direction. The
first motor-opersfEAVARIOTNAPY PR b HifrirdenEreh thietha8hddihg degree thereof is adjustable to
multiple levels by the pulse motor. 0056] In a high-pressure liquid pipe (38) between the radiator (32)
and the exﬁans@n SEvaive tr 5'?@85!0&#‘%&&}?%‘8%5%& Thember (49), a drier (50), a First on-off valve

(SV1), and A refrigerating apparatus (20) of a second embodiment of the present invention is
different from that of the first embodiment in a method for a diagnosis process of a trailer
(11). Specifically, in a controller (80) of the second embodiment, a cooling operation timer
(88) is, referring to FIG. 9, provided instead of the defrosting start determinator (83) of the
10  first embodiment. A diagnosis process executer (81) of the second embodiment controls a
refrigeration cycle unit (30) such that a diagnosis process similar to the normal cooling
process described above. That is, in the diagnosis process, an evaporator (35) performs a
cooling operation for cooling an in-compartment space (13), and performs a defrosting
operation after the cooling operation. After the defrosting operation, the cooling operation is
15 resumed. That is, in the diagnosis process, the cooling operation and the defrosting
operation are alternately performed as illustrated in, e.g., FIG. 10.
[0105] More specifically, in the diagnosis process, the cooling operation is first performed
as in the foregoing cooling process. In the cooling operation, air in the in-compartment
space (13) is cooled to equal to or lower than a dew-point temperature, thereby dehumidifying
20  theair. Inthe second embodiment, a predetermined time is set in the cooling operation timer
(88). In the second embodiment, the defrosting operation is automatically executed after a
lapse of the set time since the cooling operation is started.
[0106] The defrosting operation similar to that of the first embodiment is also performed in
the second embodiment. During the defrosting operation, a defrosting end determinator (85)
25  determines, as in the first embodiment, timing for terminating the defrosting operation. That
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a plate heat exchanger (Si) are provided in this order. A refrigerant flow path is formed inside the cooling
member (49), and a power element of an inverter circuit contacts an outer part of the cooling member (49)
(such a contact state is not shown in the figure). That is, the cooling member (49) is configured to cool the
power element by refrigerant. The first on-off 5 valve (SV1) is an openable solenoid valve. The drier (50)
is configured toltraPAGISAMBESIHERINERTRNIR) (FPrefrigEThpt FOUIRGT oM it padiable{3ErI0b8TE The
plate heat exchanger (51) is configured to cool liquid refrigerant flowing from the radiator (32). The plate
heat exchangefY8R9HefUdes Re¢Hnea Bf§3Eh (18R &) rafsiracsecdifiar, HietHefsasiinorenst feSAaMate heat

exchanger (Si), heat is _exchan%ed between 10 refriglerant flowinr% through the primary path (51a) and

refrigerant flowiiQ i GUGHh B EBARNY IPSIAYRE b) MR SHERRA AMBY %’ﬂfash%CQBHH&é)fé%ﬁ{ tHe main

circuit (41), and the secondary path (51b) is_connected to an injection pipe (52) of the subcooling circuit
(43, A et o TR et S e e BB B DR vl (am) between the

cooling megbefirts angh the HfBAf RN F TSk I ANEhPELRBIHBEN o Sirtightness

of the trailer (11) is determined in such a manner that an execution time for the repeatedly-
performed defrosting operation is compared between a current defrosting operation and a
previous defrosting operation. Specifically, in the diagnosis process, the execution time
(e.g., a time Atd2 in FIG. 10(A)) for the current defrosting operation and the execution time
10 (e.g., a time Atdl in FIG. 10(A)) for the previous defrosting operation are compared as
illustrated in, e.g., FIG. 10(A).
[0108] Suppose that the sufficient airtightness of the trailer (11) of the second embodiment
is ensured. In such a case, the humidity of air in the in-compartment space (13) is decreased
every time the cooling operation and the defrosting operation are performed. Thus, if no
15  external air substantially enters the trailer (11), the execution time for the defrosting operation
is shortened depending on the course of the diagnosis process (see FIG. 10(A)).
[0109] In the second embodiment, the airtightness of the trailer (11) is determined based on
the state in which the execution time for the defrosting operation is gradually shortened if no
external air enters the trailer (11). Specifically, a counter (82a) of the diagnosis process
20  executer (81) measures, at each operation, the execution time for the defrosting operation. A
computer (82b) of the diagnosis process executer (81) compares the execution time (e.g., the
time Atd2) for the current defrosting operation with the execution time (e.g., the time Atd1)
for the previous defrosting operation. Referring to FIG. 10(A), if the execution time (time
Atd2) for the current defrosting operation is shorter than the execution time (time Atdl) for

25  the previous defrosting operation, the diagnosis process executer (81) displays an alert
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15 (52) is connected to a compression chamber of the compressor (31) in the middle of compression (in
an intermediate-pressure state). In part of the injection pipe (52) on an inlet side of the secondary path
(51b), a second on-off valve (SV2) and a second motor-operated valve (MV2) are provided. The second
on-off valve (SV2) is an openable solenoid valve. The second motor-operated valve (MV2) is configured
such that the oAy Wedrotnitiére f RXEOAAJUSHBESY AlRIHREIDVA8 bYiITRBY(HEL motor, and serves as
a pressure reduction mechanism conflaqured to reduce the t}j)sressure of refr%erant 0058 The hot gas

bypass circuit (A Hclu8sBEHYE hAln 1hipdesa) ahFAGE BREEHES FrthdB 3Bt Yé {AR st
b hed d th h b df h | d of
ranched pipe %3 3 m%n?sségeotg il s %%%ﬁ?ﬁpgﬁ §)421)ecrre%ggcpgvenr?{nh%(§%(5 Elgnt\(lg\)})erat 5%)anﬁ‘ Nipletend o

the main pipe ( ¥Cohne pressure gas pipe &valve
(CV) and the f"&él’%%ﬂb %@@[ Sﬁj Xt%l\é?ternately repeated. In such a case, the amount of frost on the

5 evaporator (35) is increased, and therefore the execution time for the defrosting operation is
extended. Thus, in this case, the execution time (time Atd2) for the current defrosting
operation is, referring to, e.g., FIG. 10(B), not shorter than the execution time (time Atdl) for
the previous defrosting operation. Thus, in such a case, the diagnosis process executer (81)
displays an alert informing “entering of external air (insufficient airtightness)” on the display

10 (86). That is, in the second embodiment, if the comparison between the execution time for
the current defrosting operation and the execution time for the previous defrosting operation
shows that the execution time for the current defrosting operation is shorter than the execution
time for the previous defrosting operation, it is determined as “entering of external air.” If
not (the execution time for the current defrosting operation is equal to or longer than the

15  execution time for the previous defrosting operation), it is determined as “no entering of
external air.”

[0111] <Variations of Second Embodiment>
In the second embodiment, variations each having a configuration described below
can be employed.

20 [0112] First Variation of Second Embodiment

In the second embodiment, the execution time for the cooling operation is the
predetermined constant set time, and the defrosting operation is terminated based on the
determination of the defrosting end determinator (85). Then, the airtightness of the trailer
(11) is determined in such a manner that the execution time is compared between the

25  defrosting operations. However, the execution time for the defrosting operation may be,
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(MV1). In the main pipe (52), a third on-off valve (SV3) is provided. The third on-off valve (SV3) is an
openable solenoid valve. [0059] The first branched pipe (53) is, at one end thereof, connected to the
outlet end of the main pipe (52), and is, at the other end thereof, connected to a low-pressure liquid pipe
(55) 5 provided between the expansion valve Pé%?) and the evaporator (35). Similarly, the second

branched pipe

(sfeyTR0ce SHE B rid Sk &3f 2PHRIRIBNGE ARBSEHISRtHBeoRH AN R P3HRO(GR9raEAR

is, at the

other end thereof, connected to the low-pressure ”qUidh%iﬁ% 55). The second branched pipe (54) is a

refrigerant pipe TEHESTHAH PRSP BPa AR Ban &Y

includes a drai
The drain pan
above, the hot

high-temperature high-pressure gas r

heater (56) arranged so as to meander. 10.alon a@
e e AR BRI IS AR

y réfrigerant.

S SEEBIA B &Fibhed pipe (54)
f the.drai |
%ﬁ%mgpt%t]p%nhﬁe{r?g@pan (44)

described

IRIRYRREIABGHInERD) g?S\r/Yc?e%l APy BP%%C&%‘HH&@‘Q%"&%% ﬁHFb‘?'Bgsrﬁf”gl‘ﬁrﬁ{ét (e,

rigerant discharged from the compressor (31)) compress

ed in the

compressok (31t VAR A Prédabr P 6l Viarieum SRPRIFoAIRAIRRP@YIdedr e refiigerant
circuit (40). Specifically, in

10

15

20

25

present variation, the cooling operation is automatically executed after a lapse of the set time
since the defrosting operation is started. During the cooling operation of the present
variation, the defrosting start determinator (83) determines timing for starting the defrosting
operation.

[0114] The diagnosis process executer (81) controls the refrigeration cycle unit (30) such
that the diagnosis process similar to the normal cooling process described above is performed.
That is, in the diagnosis process, the evaporator (35) performs the cooling operation for
cooling the in-compartment space (13), and the defrosting operation is performed after the
cooling operation. After the defrosting operation, the cooling operation is resumed. That
is, in the diagnosis process, the cooling operation and the defrosting operation are alternately
performed as illustrated in, e.g., FIG. 12.

[0115] More specifically, in the diagnosis process, the cooling operation is first performed
as in the foregoing cooling process. In the cooling operation, air in the in-compartment
space (13) is cooled to equal to or lower than the dew-point temperature, thereby
dehumidifying the air. During the cooling operation, if the temperature difference (EOS —
EIS) of refrigerant on the inlet and outlet sides of the evaporator (35) becomes less than a
reference value X1, the defrosting start determinator (83) starts the defrosting operation.
When the defrosting operation is started, the predetermined set time is counted by the
defrosting timer (87). After a lapse of the set time, the defrosting operation is terminated,

and the cooling operation is resumed.
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the high-pressure gas pipe (45), a high-pressure sensor (60), a high-pressure switch (61), and a
discharge temperature sensor (62) are provided. The high-pressure sensor (60) is configured to detect
the pressure of high-pressure gas refrigerant discharged from the compressor (31). The discharge
temperature sensor (62) is configured to detect the temperature of high- 20 pressure gas refrigerant
discharged front%Hé ortiptesdiBees. Arpeeso Rl BreBESRELyAEbiRR By piaRieRse Pt EaneHa Bvaporator
(35) and the comﬁgres_sor $31§, a Iow-gressure sensor @g%&nd a suction temperature sensor 564) are

provided. The IGREHTIELIB SEHLB/E)%s BBNHELRSFHEURtER: tRE LR BRI TBHEEE FR°gaE

refrigerant suckéad irpl:gnthe compressor, gfe%% : (';rur}ree rﬁuc?oté) n t%m({?aeriaaugr(? dSz?ane(\)/Fo@sél islicon%%ur?(gj to detect
the temperature Bt fow- ESCpre sSure gas refrigeran ORISR TRE S8 et ( (318(5) ﬁaltn the

njection pipe (St MsHie RRANIS SR/ SRAIRRIONEr on Mk ieis seggpdary path

(51b), and a first'outlet temperature sensor IS provided on a et side or the secondary path (51b).

The frst ilgt tePIAAYG ASIRPSAORAN SARTRLIEA R 108 (SRR o eigpiapighy before

the refrigerant flows Into ary pat odtlet temperature sens Is configured

to detect the tempgrafurs AhERIHRSRALIIATFEIRE iFariaMt, Ly RYLBER) the secondary path (51b).

[0062] In the low-pressure liquid pipe (55), a second inlet temperature sensor (67) is provided on an inlet

side of the evapetaiqr (3phpbbetraaABduHeiIRMRRIRIES SLOROKLRF) (it sontiasrdda Jatasbihe

temperature of refrigerant right before the refrigerant flows into the 10 evaporator (35). In the
low-pressure gaaspiee. (5if) sachacesel oulriaoyeratirensepsarcthHiasnmraviges Qrenm cdtiebside of the
evaporator (35). The second outlet temperature sensor (68) is configured to detect the temperature of
refrigerant rightesiéar tilve ridfrigesting idpevstiont dndntheheeéroalpuy atearéd6i). are performed. Thus, if no
10  external air substantially enters the trailer (11), the execution time for the cooling operation is
extended depending on the course of the diagnosis process (see FIG. 12(A)). In the present
variation, the airtightness of the trailer (11) is determined based on the state in which the
execution time for the cooling operation is gradually extended if no external air enters the
trailer (11).
15 [0118] Specifically, the counter (82a) of the diagnosis process executer (81) measures, at
each operation, the execution time for the cooling operation. The computer (82b) of the
diagnosis process executer (81) compares the execution time (e.g., the time Atc2) for the
current cooling operation with the execution time (e.g., the time Atcl) for the previous
cooling operation. Referring to FIG. 12(A), if the execution time (time Atc2) for the current
20  cooling operation is longer than the execution time (time Atcl) for the previous cooling
operation, the diagnosis process executer (81) displays an alert informing “no entering of
external air (sufficient airtightness)” on the display (86).
[0119] On the other hand, if external air enters the trailer (11), the humidity in the in-

compartment space (13) is less likely to be decreased even if the cooling operation and the

25  defrosting operation are alternately repeated. In such a case, the amount of frost on the
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[0063] An external air temperature sensor (69) is provided on an inlet side of the radiator 15 (32) outside
the trailer (11). The external air temperature sensor (69) is configured to detect the temperature of
outside-compartment air (i.e., the temperature of external air) right after the outside-compartment air

passes through the radiator (32). In the trailer (11), a suction temperature sensor (70) is provided on the
inlet side of the %R Y8IRftdBPI5, HitteastischHige (OfpErRYIPssHEBRY7H} i §retiRe oo #HeMiklet side of
the evaporator 535). The suction 20temperature sensor (70) is configured to detect the temperature of
in-compartmenP &GS EXFRI R UM K ARe P alNE QRELLiRg, EE o0 BEN ¥R discharge

temperature ser?ior 713 is configured to detect eter]);ngerature of in-com artmentfir.ri ht after the

in-compartmenf ?rcﬁ B Q‘Js%er% {H%eéy%ﬁé rf&gé . ‘FH%?%,C E’L%%IB. ﬁ"&%ﬁé? fUrEd8nEr (70)

t detect fi d to detect the t 250f in- t t air. [0064
vk G e BT o 0 e
cvaporator 136) 1AL e TG T SR B Re S g oA S R e,

configured to d%%m%ipH%Migﬁtj%ﬁfﬁm@s@;ﬁ%ﬂtthe display (86). That is, in the present variation,
if the comparison between the execution time for the current cooling operation and the
execution time for the previous cooling operation shows that the execution time for the
current cooling operation is longer than the execution time for the previous cooling operation,
10 it is determined as “entering of external air.” If not (the execution time for the current
cooling operation is equal to or shorter than the execution time for the previous cooling
operation), it is determined as “no entering of external air.”
[0120] Second Variation of Second Embodiment
The second embodiment and the first variation of the second embodiment may be
15 combined together. That is, both of the defrosting start determinator (83) and the defrosting
end determinator (85) may be provided. In addition, the cooling operation and the defrosting
operation may be alternately performed, and the airtightness of the trailer (11) may be
determined by the comparison between the execution time for the current cooling operation
and the execution time for the previous cooling operation and the comparison between the
20  execution time for the current defrosting operation and the execution time for the previous
defrosting operation.
[0121] <<Third Embodiment of the Invention>>
A refrigerating apparatus (20) of a third embodiment of the present invention is
different from those of the first and second embodiments in a method for a diagnosis process

25 of a trailer (11). Specifically, a setter (82c), an input section (82d), and a computer (82b)
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5air returning from the in-compartment space (13) to the circulation path (18). [0065] In the refrigerating
apparatus (20), a controller (80) is provided as a control section configured to control the refrigeration
cycle unit (30). That is, the controller (80) is configured to control, based on detection signals of the
foregoing various sensors, the rotational speed of the motor of the compressor (31), the rotational speed
of a motor of edth IEEHHMEETANS (3%, RIRYIdetbipgetiapraisrosest scHt (Bb Rictsripleitedlalves (Mv1,
MV2) and the expansion valve (37), an opening/closing state of each of the on-off valves (SV1, SV2,
SV3), etc. [OOG&]QQ@FQr?mB% 3 4, the controller (80) of the present embodiment includes a diagnosis

process execut ) cqnfigured to. control the refrigeration cycle unit (30) to 15 exegute a diagnosis
Process for dadiisehg ArEhELS S A b e A S R RS S W grec o
determine a pegﬁggt%%cﬁré?ée@%‘%é@ﬁ‘?ﬁ %&)sé'ﬁépig%’j‘.gn?ﬁést %?a?tﬁreg (ﬁ%&'ﬁg%ﬂ&?i@ﬁfé&ﬁ%&cuw (81)

includes an operator (81a) configured to start the diagnosis process by, e.g., a user, and a controller
(81b) configuregstgCRnirahiospiraRIAtGREYE! bmttdhurEng thesiaanasia rasReS) bhgipgrformance

determinator

the in-compartment space (13) are input to the input section (82d). The in-compartment
temperature is detected by a suction temperature sensor (70), and the in-compartment
humidity is detected by an in-compartment humidity sensor (72). Note that the in-
compartment humidity sensor (72) is configured to detect the absolute humidity of in-

10  compartment air. However, the in-compartment humidity sensor (72) may be configured to
calculate a relative humidity. In such a case, in, e.g., the computer (82b), the absolute
humidity of in-compartment air can be calculated based on the temperature and the relative
humidity of the in-compartment air.
[0123] The diagnosis process of the third embodiment is executed as an initial process after

15  the refrigerating apparatus (20) is mounted in the trailer (11). Referring to FIG. 14, in the
diagnosis process, the rest operation is performed after a cooling operation, and then the
cooling operation is resumed.
[0124] Specifically, when the diagnosis process is started, the cooling operation similar to
those of the foregoing embodiments is first performed. That is, a refrigeration cycle is

20  performed in a refrigerant circuit (40), and air in the in-compartment space (13) of the trailer
(11) is cooled by an evaporator (35). In addition, in the cooling operation, an in-
compartment fan (36) is operated to circulate air in the in-compartment space (13). By the
cooling operation, in-compartment air having a temperature of, e.g., 30°C is cooled to a target
temperature (e.g., 5°C).

25 [0125] When the temperature of in-compartment air converges to the target temperature as
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20(82) includes a counter (82a) and a computer (82b). [0067] The controller (80) further includes a
defrosting start determinator (83), a defrosting controller (84), and a defrosting end determinator (85). The
defrosting start determinator (83) is configured to start, when the amount of frost on the evaporator (35)
exceeds a predetermined amount, a defrosting operation for defrosting the evaporator (35). The
25defrosting coffFelBe8a9V8. dbh iRl RS Tasien Mrdetie e iy raRtalleydfd Rinit (Bd)8RegOPaEHBRting
operation. The defrosting end determinatorﬁéBS IS confi%red to terminate the defrosting operation when

the amount of frE¥PEACHAE LEAPBIER (S5 FARSIHEIRNY (1RPp R GRURH HEE ' AMBLRERYARY L tosting

operation. [00G 11 {15 SR SRS Ba I RRSANTINR! IS RSIANAR F8"ROLJERAARGHg Second

(36) is continuously operated.

5 [0126] The rest operation continues for the set period tset of the setter (82c). When the
evaporator (35) is stopped during the rest operation, the temperature in the in-compartment
space (13) is gradually increased. If a thermal insulating performance and airtightness of the
trailer (11) are low, a gradient representing the increase in in-compartment air temperature
during the set period tset is relatively large. Conversely, if the thermal insulating

10 performance and the airtightness of the trailer (11) are high, the in-compartment air
temperature is moderately increased during the set period tset. In addition, if the airtightness
of the trailer (11) is low, a gradient representing an increase in in-compartment air humidity
during the set period tset is relatively large. Conversely, if the trailer (11) has sufficient
airtightness, the in-compartment air humidity is not increased during the set period tset.

15 [0127] A performance determinator (82) of the third embodiment determines a
performance of the trailer (11) based on a change in in-compartment air temperature and in-
compartment air humidity during the set period tset.

[0128] Specifically, an in-compartment temperature TA detected by the suction
temperature sensor (70) and an in-compartment humidity HA detected by the in-compartment

20 humidity sensor (72) are, at time of starting the rest operation, input to the input section (82d)
of the performance determinator (82). Subsequently, the rest operation is terminated after a
lapse of the set period tset. Then, at time (a point B illustrated in FIG. 14) of terminating the
rest operation, an in-compartment temperature TB detected by the suction temperature sensor
(70) and an in-compartment humidity HB detected by the in-compartment humidity sensor

25  (72) are input to the input section (82d).

43



5 outlet temperature sensor (68) described above are used as frost detectors configured to detect the
amount of frost on the evaporator (35). That is, if the amount of frost on the evaporator (35) is large, heat
transfer between refrigerant inside the evaporator (35) and air inside the trailer (11) is blocked. As a
result, a difference (EOS - EIS) between a temperature EIS of refrigerant flowing into the evaporator (35)
and a temperat(fE2Bl0 SToeredmpeieiHBAbIirgUdrIesIDdiderese E\Raporaidietwsyishedtrediseattliversely, if
the amount of frost on the evaporator (35) is small, the heat transfer between refrigerant and
in-compartmenieAPRAHHEARRRBHT THATY thicl fetAPERAITFS IRRRRIERES BIGIS PRIS PidtH & SHEEANGEor the
foregoing reasons, the temperature difference (EOS - EIS) of refrigerant on the inlet and outlet sides of
the evaporator (B5) s 16 PeRVERT iHSidBteR FORHTRE AN THT 15Y flotiEoPPiRk A\RRE et dP-E98YRHRENLS present
embodiment. [0069] More specifically, the defrosting start determinator (83) includes an input section to
which the refrigtBT ¥ RLEEAME (B1S) b 1ee BYaitaest Ay rudityet i rines AR sdHebIS(BPRShd the
refrigerant temperature éEOS) detected by the gieco_nd outlet temperature sensor (68) are input, and a

computing ectiBH'HAIGIEE 15 LaISA e @ e ip st d06r D FRfEPEHRETEMEINBY 18 8515a%%: dhithe input

values to compareatck}ﬂeeOI c%lc‘tulated t(i:mperaEure ifference {TI]EOS - EIS) Yr\ﬂathseat reference Va,l;xlrjﬁ ),ghle (the

foregoing SeCtions are not sﬁ())(\t/%n?n fhe ﬁ%ﬁ?sé). ?tﬁ%’?@%‘peer”éuﬁ’r%'a erence ({EB - %) IS’ less than the

reference value, Xl it can o6 ARG RSB NAL RS e AIAG SRR SR RANS YRR RGOHRL of frost

on the evaporator (35). In such a case, the defrosting start determinator (83) starts thé defrosting

operation wher i 375 {BR ke Bies 1R G 1FiShPasABe AR iR ce prancRApve XI. Note

equal to or less than the reference value X3 (e.g., 0), it is regarded that no external air enters
10  the compartment during the set period tset, and the performance determinator (82) displays
“no entering of external air (sufficient airtightness)” on the display (86).
[0130] Next, the performance determinator (82) determines whether or not the in-
compartment temperature difference (TB — TA) is greater than a reference value X4. Even
when it is determined as “no entering of external air” in the foregoing determination of the in-
15  compartment humidity, if the in-compartment temperature difference (TB — TA) exceeds the
reference value X4, the in-compartment air temperature is likely to increase regardless of no
entering of external air. Thus, in this case, an “insufficient thermal insulating performance”
is displayed on the display (86). If it is determined as “no entering of external air” in the
foregoing determination of the in-compartment humidity, and the in-compartment
20  temperature difference (TB — TA) is equal to or less than the reference value X4, no external
air enters the compartment, and the gradient representing the increase in in-compartment
temperature is small. Thus, in this case, a “sufficient thermal insulating performance” is
displayed on the display (86).
[0131] Note that the reference values X3, X4 are experimentally- or theoretically-

25  determined values. In particular, the reference value X4 is determined considering the
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amount of heat generated from the in-compartment fan (36) which is in operation.
[0132] <Variation of Third Embodiment>

In the third embodiment, a variation having a configuration described below can be
employed.
[0133] As the variation of the third embodiment, the amount of external air entering the
compartment can be quantitatively calculated by the computer (82b). Specifically, in the
present variation, an outside-compartment humidity detector configured to calculate the
humidity (absolute humidity in the present variation) of outside-compartment air is provided.
Note that a humidity sensor may be provided outside the trailer (11) as the outside-
compartment humidity detector, or the in-compartment humidity sensor (72) may detect, as
the outside-compartment humidity detector, the in-compartment humidity in a pre-operation
state before an inside of the trailer (11) is cooled.
[0134] In the present variation, if the humidity inside the compartment is increased during
the foregoing set period tset, the computer (82b) can quantitatively obtain, considering the
increase in in-compartment humidity and the humidity of external air, the amount of moisture
entering the compartment and therefore the amount of external air entering the compartment.
Thus, as in the third embodiment, the amount of external air entering the compartment can be
well taken into consideration when the thermal insulating performance of the trailer (11) is
evaluated, and therefore the thermal insulating performance can be quantitatively determined
to some extent.
[0135] <<Other Embodiment>>

Each of the foregoing embodiments may have the following configurations.
[0136] In each of the foregoing embodiments, when the performance determinator (82)
determines the airtightness and the thermal insulating performance of the trailer (11), the

determination results are displayed on the display (86) and are informed to, e.g., a user.
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However, referring to, e.g., FIG. 15, an operating capacity corrector (89) configured to correct
the operating capacity of the refrigerating apparatus (20) may be provided in the performance
determinator (82) instead of the display (86). Suppose that the performance determinator
(82) determines that the airtightness and the thermal insulating performance of the trailer (11)
are low. In such a case, the operating capacity corrector (89) may automatically increase the
cooling capacity of the evaporator (35) by increasing the operating frequency of the
compressor (31), or may correct the execution time for the defrosting operation to a longer
time. According to such a configuration, even if there is a problem in performance of the
trailer (11), a back-up process is automatically performed, thereby ensuring a cooling
performance. Needless to say, the configuration may be provided, in which both of the
display (86) and the operating capacity corrector (89) are provided.

[0137] In each of the foregoing embodiments, the performance of the refrigeration cycle
unit (30) may be automatically diagnosed before the diagnosis process of the trailer (11).
Specifically, it is determined whether or not there are defects in, e.g., the compressor (31), the
expansion valve (37), and various sensors of the refrigeration cycle unit (30). If there is no
defect in the foregoing components, the diagnosis process of the trailer (11) may be executed.
[0138] The diagnosis process of the trailer (11) may be performed in a method other than
that described in each of the foregoing embodiments. Specifically, when the refrigeration
cycle unit (30) is, in the diagnosis process, controlled to cool the inside of the compartment
for a predetermined period, the performance (i.e., the entering of external air and the
airtightness) of the trailer (11) can be determined based on a cooling capacity Qr of the
refrigeration cycle unit (30) during the predetermined period and a change in state of in-
compartment air during the predetermined period. That is, various sensors etc. are used to
obtain the cooling capacity Qr of the refrigeration cycle unit (30) and the total Qair of latent

heat and sensible heat processed in in-compartment air.  Thus, the performance of the trailer
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(11) can be roughly determined by comparing the cooling capacity Qr and the total Qair..
[0139] The cooling capacity Qr of the refrigeration cycle unit (30) and the temperature that
in-compartment air should reach by the cooling capacity Qr after a lapse of a predetermined
time are calculated considering, e.g., the potential amount of heat entering the trailer (11), and
the in-compartment temperature that in-compartment air should reach and an actually-
detected in-compartment temperature are compared with each other. In such a manner, the
performance of the trailer (11) can be roughly determined.

[0140] In the foregoing defrosting operation, the amount of drain water discharged to
outside the trailer (11) after defrosting can be also measured. It can be determined, based on
the amount of drain water, how much external air enters the trailer (11).

[0141] The refrigerating apparatus of each of the foregoing embodiments is configured to
cool the inside of the trailer (11) serving as the cooling compartment. However, examples of
the cooling compartment include, in addition to the trailer (11), a container used for
transporting food etc. by ships, and a storage in which rice, flowers, etc. are stored. The
present invention is applicable to such cooling compartments.

[0142] Note that the foregoing embodiments have been set forth merely for the purposes of
preferred examples in nature, and are not intended to limit the scope, applications, and use of

the invention.

INDUSTRIAL APPLICABILITY
[0143] As described above, the present invention is useful for the refrigerating apparatus
which is attached to the opening of the cooling compartment in which the object(s) to be

cooled is stored and which is configured to cool the inside of the cooling compartment.

DESCRIPTION OF REFERENCE CHARACTERS
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[0144]
10
11
14
21
30
31
32
35
36
70
72
81
82
83

85

Refrigerated Vehicle

Trailer (Cooling Compartment)

Opening

Casing Body

Refrigeration Cycle Unit

Compressor

Radiator

Evaporator

In-Compartment Fan

Suction Temperature Sensor (Temperature Detector)
In-Compartment Humidity Sensor (Humidity Detector)
Diagnosis Process Executer

Performance Determinator

Defrosting Start Determinator

Defrosting End Determinator
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CLAIMS

1. A refrigerating apparatus, comprising:
a casing body (21) attached to an opening (14) formed at one end of a box-shaped
cooling compartment (11) so as to close the opening (14);
a refrigeration cycle unit (30) including
a compressor (31) and a radiator (32) provided on an outer side of the
cooling compartment (11) relative to the casing body (21), and
an evaporator (35) provided on an inner side of the cooling compartment
(11) relative to the casing body (21);
a diagnosis process executer (81) configured to control the refrigeration cycle unit
(30) to execute a diagnosis process for diagnosing a performance of the cooling compartment
(11); and
a performance determinator (82) configured to determine the performance of the

cooling compartment (11) in the diagnosis process.

2. The refrigerating apparatus of claim 1, wherein
the performance determinator (82) is configured to determine airtightness of the

cooling compartment (11) in the diagnosis process.

3. The refrigerating apparatus of claim 2, wherein

the refrigeration cycle unit (30) includes a defrosting start determinator (83)
configured to start a defrosting operation of the evaporator (35) when an amount of frost on
the evaporator (35) exceeds a predetermined amount,

the diagnosis process executer (81) is configured to perform, upon start of the
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diagnosis process, a cooling operation for cooling an inside of the cooling compartment (11)
by the evaporator (35), and

the performance determinator (82) is configured to determine the airtightness of
the cooling compartment (11) based on a time Atl between a predetermined point after start
of the cooling operation and a point at which the defrosting start determinator (83) starts the

defrosting operation.

4. The refrigerating apparatus of claim 2, further comprising:

a defrosting end determinator (85) configured to terminate a defrosting operation
of the evaporator (35) when an amount of frost on the evaporator (35) falls below a
predetermined amount during the defrosting operation,

wherein the diagnosis process executer (81) is configured to execute, upon start of
the diagnosis process, a cooling operation for cooling an inside of the cooling compartment
(11) by the evaporator (35) and then execute the defrosting operation, and

the performance determinator (82) is configured to determine the airtightness of
the cooling compartment (11) based on a time At2 between a point at which the defrosting
operation is executed and a point at which the defrosting end determinator (85) terminates

the defrosting operation.

5. The refrigerating apparatus of claim 2, further comprising:

a defrosting end determinator (85) configured to terminate a defrosting operation
of the evaporator (35) when an amount of frost on the evaporator (35) falls below a
predetermined amount during the defrosting operation,

wherein the diagnosis process executer (81) is configured to alternately execute a

cooling operation for cooling an inside of the cooling compartment (11) by the evaporator
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(35) and the defrosting operation such that the defrosting operation is performed after the
cooling operation and the cooling operation is resumed when the defrosting end determinator
(85) terminates the defrosting operation, and

the performance determinator (82) is configured to determine the airtightness of
the cooling compartment (11) by comparing between an execution time for a predetermined
defrosting operation and an execution time for a defrosting operation previous to the

predetermined defrosting operation.

6. The refrigerating apparatus of claim 2, further comprising:

a defrosting start determinator (83) configured to start a defrosting operation of the
evaporator (35) when an amount of frost on the evaporator (35) exceeds a predetermined
amount,

wherein the diagnosis process executer (81) is configured to alternately execute a
cooling operation for cooling an inside of the cooling compartment (11) by the evaporator
(35) and the defrosting operation such that the defrosting start determinator (83) starts the
defrosting operation after the cooling operation and then the cooling operation is resumed,
and

the performance determinator (82) is configured to determine the airtightness of
the cooling compartment (11) by comparing between an execution time for a predetermined
cooling operation and an execution time for a cooling operation previous to the

predetermined cooling operation.

7. The refrigerating apparatus of claim 1 or 2, wherein
the refrigeration cycle unit (30) includes a temperature detector (70) configured to

detect a temperature of air inside the cooling compartment (11),
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the diagnosis process executer (81) is configured to perform a cooling operation for
cooling an inside of the cooling compartment (11) to a predetermined temperature by the
evaporator (35), perform a rest operation for stopping the evaporator (35) after the cooling
operation, and resume the cooling operation after a lapse of a predetermined set time since
the rest operation is started, and

the performance determinator (82) is configured to determine the performance of
the cooling compartment (11) based on a change in temperature inside the cooling

compartment (11) during the set time.

8. The refrigerating apparatus of claim 7, wherein

the refrigeration cycle unit (30) includes a humidity detector (72) configured to
detect a humidity of air inside the cooling compartment (11), and

the performance determinator (82) is configured to determine the airtightness of

the cooling compartment (11) based on a change in humidity during the set time.

9. The refrigerating apparatus of any one of claims 3-8, wherein

the refrigeration cycle unit (30) includes an in-compartment fan (36) configured to
circulate air in the cooling compartment (11) such that the air in the cooling compartment
(11) passes through the evaporator (35), and

the diagnosis process executer (81) is configured to operate the in-compartment fan

(36) in the cooling operation of the diagnosis process.

10. The refrigerating apparatus of any one of claims 1-9, wherein
the cooling compartment (11) is a trailer (11) mounted in a refrigerated vehicle

(10).
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