DESCRIPTION CONTAINER REFRIGERATION SYSTEM 5 TECHNICAL FIELD [0001]The present
invention relates to a container refrigeration system, and particularly relates to improvement of
reliability in hot gas defrosting. BACKGROUND ART 10[0002] A container refrigeration system
configured to cool an inside of a container has been known as a refrigeration system configured to
perform a refrigeration cycle. Patent DocumentJESSREBERINe container refrigeration system of this
type. [0003] The container refrigeration system disclosed in Patent Document 1 includes a refrigerant
circuit in which a compressor, a condenser, an expansion valve, and an evaporator 15 are connected
together. The evaporator is provided inside the container. In the evaporator, refrigerant is evaporated
by absorbingaAINBRaR EFRIE BRATIORISASTESICh a manner, the air inside the container is

cooled. [0004]In the refrigerant circuit of the container refrigeration system, a bypass circuit configured
to supply refrigerant (so-called "hot gas") compressed in the compressor to the
5 TECHNICAL FIELD
[0001] The present invention relates to a container refrigeration system, and particularly

relates to improvement of reliability in hot gas defrosting.

BACKGROUND ART
10 [0002] A container refrigeration system configured to cool an inside of a container has
been known as a refrigeration system configured to perform a refrigeration cycle. Patent
Document 1 discloses the container refrigeration system of this type.
[0003] The container refrigeration system disclosed in Patent Document 1 includes a
refrigerant circuit in which a compressor, a condenser, an expansion valve, and an evaporator
15 are connected together. The evaporator is provided inside the container. In the evaporator,
refrigerant is evaporated by absorbing heat from air inside the container. In such a manner,
the air inside the container is cooled.
[0004] In the refrigerant circuit of the container refrigeration system, a bypass circuit
configured to supply refrigerant (so-called “hot gas”) compressed in the compressor to the
20  evaporator without passing through the condenser is provided. Specifically, the bypass
circuit includes two bypass pipes and two opening/closing valves provided respectively for
the bypass pipes. Each of the bypass pipes allows communication of a gas line between the
compressor and the condenser with a liquid line between the expansion valve and the
evaporator. In the container refrigeration system, the foregoing bypass circuit is used to

25  perform a defrosting mode for defrosting the evaporator.



20 evaporator without passing through the condenser is provided. Specifically, the bypass circuit
includes two bypass pipes and two opening/closing valves provided respectively for the bypass pipes.
Each of the bypass pipes allows communication of a gas line between the compressor and the
condenser with a liquid line between the expansion valve and the evaporator. In the container

refrigerationGR)e8Em,Ipecificati9jng thepassositingihnie diseddefdstiper ipaci g éfragtisgdrodeviorevels
defrosting the evaporator. [0005]Specifically, in the defrosting mode, a defrosting capacity is adjusted
to two levelggpendindiog anaperingfiogittosing stalte nidepenidgplrring/cidesg Vaheess, Wiahisniyhen
only one of the opening/closing valves is opened in the defrosting mode, hot gas is supplied to the
evaporator omdyothitaLigesivrgéspsinging \visaobpbrebyinake pepestinhusodbettowasie supdiceft@erant
flowing through the evaporator is relatively low. A heating capacity (defrosting capacity) inside the
container iscalgorat@tively ldwogh tteretipentiagdonenen thetihpidte mipenindhbissitg: viibve s atee of
opened in the defrosting mode, hot gas is supplied to the evaporator through the two bypass pipes.

Thus, the flosfrigéennt flefngeyamtalowitng dvapgbtohdsenetgiiveliptos rel&Xivelyihipbapbbityhirtirgg toagacity

(defrosting capacity) inside the 10container is also relatively high. CITATION LIST PA'ENT

DOCUMENEa6Dp)] msdeE e BninbaNaId delpivegel Gate @k thicatiemhisiod, 2008 8645 the
opening/closing valves are opened in the defrosting mode, hot gas is supplied to the
evaporator through the two bypass pipes. Thus, the flow rate of refrigerant flowing through

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

10  container is also relatively high.

CITATION LIST
PATENT DOCUMENT
[0006] PATENT DOCUMENT 1: Japanese Patent Publication No. 2008-215645
15
SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0007] As described above, in the container refrigeration system disclosed in Patent
Document 1, the opening/closing state of the two opening/closing valves is switched to adjust
20  the heating capacity inside the container in a heating operation. However, in the defrosting
mode, complexity and a cost increase of the refrigerant circuit are caused due to the
configuration in which the two opening/closing valves are used. In addition, the heating
capacity cannot be finely adjusted only by adjusting the bypass flow rate in association with
the switching of the opening/closing state of the two opening/closing valves. Thus, the

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



15 SUMMARY OF THE INVENTION TECHNICAL PROBLEM [0007] As described above, in the
container refrigeration system disclosed in Patent Document 1, the opening/closing state of the two
opening/closing valves is switched to adjust 20 the heating capacity inside the container in a heating
operation. However, in the defrosting mode, complexity and a cost increase of the refrigerant circuit
are causedtduptadhparaniigudadion imekhich tie heaiogperirgitlosind \srdey a® s grdpeatictianr, the
heating capacity cannot be finely adjusted only by adjusting the bypass flow rate in association with

the switchingpgfatitel dperonglcdessigisidieatihgheapagitppening/closing valves. Thus, the 25following
disadvantages are caused: air inside the container cannot be quickly heated to a target temperature
due to lack (@008 heatingeapaditycatidnensrgyesavia mapertiesthcefaregoitgdrtlin o #xobpstdfahe
heating capacity. [0008] The present invention has been made in view of the foregoing, and it is an
objective ofdhth@reesantt imxention to provide sahighhlyrekitiblele aaabeen esfrifeceiatioyssystieninohhich a
5heating capacity is efficiently adjusted in a defrosting mode using a hot gas bypass circuit.
SOLUBONNne&igagaBitybd efficiently adjusted in a defrosting mode using a hot gas bypass circuit.

SOLUTION TO THE PROBLEM
[0009] A first aspect of the invention is intended for a container refrigeration system
includes a refrigerant circuit (20) configured to perform a refrigeration cycle and including a
10  main circuit (21) in which a compressor (30), a condenser (31), an expansion valve (32), and
an evaporator (33) are connected together in this order, and a hot gas bypass circuit (22) in
which compressed refrigerant of the compressor (30) is supplied to the evaporator (33) by
bypassing the condenser (31) and the expansion valve (32); and a compressor control section
(81) configured to, in a defrosting operation in which the compressed refrigerant of the
15  compressor (30) returns to the compressor (30) through the hot gas bypass circuit (22) and the
evaporator (33) and the evaporator (33) is defrosted, control an operating speed of the
compressor (30) such that a pressure of the compressed refrigerant of the compressor (30)
reaches a target value.
[0010] In the first aspect of the invention, high-temperature compressed refrigerant of the
20  compressor (30) flows into the evaporator (33) by bypassing the condenser (31) and the main
expansion valve (32), thereby defrosting the evaporator (33). The operating speed of the
compressor (30) is controlled such that the pressure of the compressed refrigerant of the
compressor (30) reaches the target value, i.e., a pressure equivalent saturation temperature of
the compressed refrigerant reaches a target value. For example, if the pressure of the

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



[0009] A first aspect of the invention is intended for a container refrigeration system includes a
refrigerant circuit (20) configured to perform a refrigeration cycle and including a 10 main circuit (21) in
which a compressor (30), a condenser (31), an expansion valve (32), and an evaporator (33) are
connected together in this order, and a hot gas bypass circuit (22) in which compressed refrigerant of

the compregsoy i63pis suppliepreestive efaratatgsrédsidon bigerasing Hiyhaomeanserd3t) anddhee
expansion valve (32); and a compressor control section (81) configured to, in a defrosting operation in

which the copepatisgagewfiog eanboafpifresckF3Wryessor (30) returns to the compressor (30) through
the hot gas bypass circuit (22) and the evaporator (33) and the evaporator (33) is defrosted, control an
operating spegd pf the weonresgest (SO)hsuicivdhid@ israssudedofdhthe anmsbssedfitfdgriant pitthe
compressor (30) reaches a target value. [0010]In the first aspect of the invention, high-temperature
compressedfréfadiesanspeictiof £ coreptieasah(se fdlakes inthuties evefpiyator 33dUnt bypasksegtive
condenser (31) and the main expansion valve (32), thereby defrosting the evaporator (33). The
operatifig s ccohtiverednprdssandidg)ds ecnteltedtiusddinabtBel petwucemptissabrefrigased of
refrigerant of the compressor (30) reaches the target value, i.e., a pressure equivalent saturation

temperaturehef dbve messprg S dnr¢id gleferdtiep opestidiargetfuatue. rebigexarngischbthe puessioe iof the
25compressed refrigerant is lower than the target value, the operating speed of the compressor (30)
is high. If thepobssanteodfttirecoompesssdedfrijagatantt thehiginaprtsaor t(80)afilgatsvinioes thigopesssing

speed of the compressor (30) is low. [0011] A second aspect of the invention is intended for the
container rdfggieratjpn (2§ hthefrifd jasinaspeoitqR)dnnviitiothe wbicleiseth @i )risl pded dede igesant
amount control section 5 (82) configured to, depending on a superheating degree SH of the
compressedtoeédgerte bigtheressnrdssod (H03 i(2H)eadfrostingepetatipplypephvatioa iefridechrthe
discharge operation in which part of the compressed refrigerant of the compressor (30) flows into a
high-dressuedriigerahpgfeh@bigof phesetit euach p pec{#b Y 203upphibicto the cangdessser (D) is provided, and
is stored in the high-pressure liquid pipe (25), and a refrigerant supply operation in which the
[0012] In the second aspect of the invention, if the superheating degree SH of the
compressed refrigerant is lower than a predetermined value, the refrigerant discharge
operation is performed. This allows a decrease in amount of refrigerant circulating between
the compressor (30) and the evaporator (33), thereby increasing the superheating degree SH
15  of the compressed refrigerant. If the superheating degree SH of the compressed refrigerant
is higher than the predetermined value, the refrigerant supply operation is performed. This
allows an increase in amount of refrigerant circulating between the compressor (30) and the
evaporator (33), thereby decreasing the superheating degree SH of the compressed refrigerant.
[0013] A third aspect of the invention is intended for the container refrigeration system of
20  the second aspect of the invention, which further includes a supercooling heat exchanger (44)
provided in the high-pressure liquid pipe (25); and a supercooling branch pipe (26) through
which refrigerant branched from the high-pressure liquid pipe (25) supercools liquid
refrigerant of the high-pressure liquid pipe (25) in the supercooling heat exchanger (44) and

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

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



10refrigerant of the high-pressure liquid pipe (25) is supplied to the compressor (30). [0012] In the
second aspect of the invention, if the superheating degree SH of the compressed refrigerant is lower
than a predetermined value, the refrigerant discharge operation is performed. This allows a decrease
in amount of refrigerant circulating between the compressor (30) and the evaporator (33), thereby

increasing thsesuiperheatinty degresISkttidn ¢82hel kvmphesstdgehing efahé higheprispard figtinppilegree
SH of the compressed refrigerant is higher than the predetermined value, the refrigerant supply

operation is2&rforfivad inthih@tdomprassngeHIskrouginthe st risijey dnirircpiipdi(@Rehetween the
compressor (30) and the evaporator (33), thereby decreasing the superheating degree SH of the
compresse(oGfiperamthi€Hia] Aspeict afsipednobtiiennvientioneisiyteandsapisy thpecativajnefrigrigeration
system of 20 the second aspect of the invention, which further includes a supercooling heat
exchanger ¢iahepnovioe danddradri @bl peassikeetighidrpsperé At uiainei e Sapefmading dthacbrppestdn)
through which refrigerant branched from the high-pressure liquid pipe (25) supercools liquid refrigerant
of the High-(8esshnrifnue pipe @Dl ingtheascip@ipe ey hieatiexdhangsingdd antbtime nflefsgatama low
pressure gas pipe (28) of the refrigerant circuit (20) or a compression 25chamber of the compressor

(30) in an intecoietimatbgvessiLie staterésstre 3efrapdrdmetesapphytar@8jtion, the valve control section
(82) allows the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor (30) through

the supercdoling]braActoynitheatpEgt [Fahd jim/tneidhiisl iasgpeietdbthteameatdiogr, neftiye natioigeyatetisopply
operation, refrigerant stored in the condenser (31) and the high-pressure liquid pipe (25) flows into the
compressothy 38yahdourgthitideasprae reb tim gbzeatich, pipéec(2fiiythieeiabludesre dsmcptiteobeotion ¢83)
refrigerant circulating between the compressor (30) and the evaporator (33). [0015] A fourth aspect of
the inventiocoidiguesttid fiotHbeefageaine d refhzygeadimeratistdoy thie refrigerant amount control section

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

[0016] In the fourth aspect of the invention, in the refrigerant discharge operation, air is
sent to the condenser (31) by the outside-container fan (35). Part of the compressed
refrigerant of the compressor (30) flows through the condenser (31), and is condensed by
exchanging heat with the air sent by the outside-container fan (35).

15 [0017] A fifth aspect of the invention is intended for the container refrigeration system of
the second or third aspect of the invention, in which, in the defrosting operation, when an
outlet refrigerant temperature of the evaporator (33) reaches equal to or higher than a
predetermined value, the target value for the pressure of the compressed refrigerant of the
compressor (30) is changed to a higher value.

20 [0018] In the fifth aspect of the invention, in the defrosting operation, if the outlet
refrigerant temperature of the evaporator (33) reaches equal to or higher than the
predetermined value, such a state is regarded as the state in which most of frost on the
evaporator (33) is melted, and therefore the target value for the pressure of the compressed

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

25  temperature refrigerant.



the second or third aspect of the invention, which further includes a fan control section (83) configured
to, in the refrigerant discharge operation by the refrigerant amount control section 10(82), operate a
condenser fan (35) of the condenser (31). [0016]In the fourth aspect of the invention, in the refrigerant
discharge operation, air is sent to the condenser (31) by the outside-container fan (35). Part of the

compressefo@faperantigtinsmomyfressinvetiofiawintondug idhtheeodeinsar redilipeaatibis sertersed by
exchanging heat with the air sent by the outside-container fan (35). 15[0017] A fifth aspect of the

invention isanjemae dffamdifirstaotfifieraglisge chtite systationf thenseconih ar ¢cbotingspededhteich
invention, in which, in the defrosting operation, when an outlet refrigerant temperature of the

evaporator (SBjgeracheiscadnted througiother rizim enoved@e) winedfvatuthdheftiygativalugcleratitean
pressure of the compressed refrigerant of the compressor (30) is changed to a higher value.
20[0018]In thsiddtbfaspenhanfethiz kostadiomeiddirestiatiagiengtiopatadtarted dfiercaesdetrganadttime
temperature of the evaporator (33) reaches equal to or higher than the predetermined value, such a
state isbreghedes gsdbi fistate istavhich thosbofifipshodetlie evaperatow(dd) is diffiteshcansbtiverefere the
target value for the pressure of the compressed refrigerant is changed to a higher value. Thus, the
evaporator (&8pesdoaatacsiae HigheonZbtempet aduset refrigeratote j06ID8] tAesbdhtaispedt aigied tovention
is intended for the container refrigeration system of any one of the first to fifth aspects of the invention,
in which, ingrezpelinganode preddiecmieddgeedmd, ciaodlates thefrogtiripeoperiatiomcug (&a)téd pafittorna the
refrigeration cycle and an inside of a container is cooled, the defrosting operation is started after a
predetermimeeligteenined time has elapsed from the start of the cooling mode and a cooling capacity of
the evaporator (33) is reduced to equal to or less than a predetermined value in a state in
10  which the difference between the temperature inside the container and the set temperature
inside the container is less than the predetermined value.
[0020] If the difference between the temperature inside the container and the set
temperature inside the container is large (an out-range state) even after the cooling mode is
performed to some extent, it is assumed that the cooling capacity of the evaporator (33) is
15 not fully used, and that a certain amount of frost is formed on the evaporator (33). Thus, in
the out-range state, the defrosting operation is started under the condition where the
predetermined time has elapsed from the start of the cooling mode. On the other hand, if
the cooling mode is performed to some extent and the difference between the temperature
inside the container and the set temperature inside the container is small (an in-range state), it
20 is assumed that the cooling capacity of the evaporator (33) is properly used, and that not so
much frost is formed on the evaporator (33). If the defrosting operation is started only
under the condition where the predetermined time has elapsed from the start of the cooling
mode, it is highly likely that the defrosting operation is actually performed in the state in

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

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



5 has elapsed from a start of the cooling mode in a state in which a difference between a temperature
inside the container and a set temperature inside the container is equal to or greater than a
predetermined value, and the defrosting operation is started after a predetermined time has elapsed
from the start of the cooling mode and a cooling capacity of the evaporator (33) is reduced to equal to
or less thantize preglétgroipasityadfietio asipéeatorl Behishrébaecdifesenaderteeenithadeitipeatute
inside the container and the set temperature inside the container is less than the predetermined value.
[0020] If the:olidEionomteetvwibepibdetemyiasatuidénsideclhpseo nfiime transtdhtecsethie gs iagu rediside
the container is large (an out-range state) even after the cooling mode is performed to some extent, it
is assumedThatghey@nslihg defpsstity epdretirafronateri (3 IJsidetSlypeffdlyneded, and that a certain
amount of frost is formed on the evaporator (33). Thus, in the out-range state, the defrosting operation
is started under the condition where the predetermined time has elapsed from the start of the cooling
mode. On the other hand, if the cooling mode is performed to some extent and the difference between
the tenfperatd ¥ AXISiDaEES con (BHE N IMEMTEISN temperature inside the container is small (an in-range
state), it 20 is assumed that the cooling capacity of the evaporator (33) is properly used, and that not
so much frggoiliormis desdhibed\ajpue taco@8)ndf thehdgfressmd mpatatmibs spertethgsheehdértibe
condition where the predetermined time has elapsed from the start of the cooling mode, it is highly
likely that treemiefssstin(Bopsratisinoleaciuctiyhae therprestimetbé thatenmprekset redtigeranticbabiuest tise
formed on the evaporator (33). Thus, in the sixth aspect of the 25invention, in the in-range state, the
defrosting dpeyettivalus Bidtte defnaktinthe peratibiofdefiustengmeodedling luap achigatintheapaeipoatob¢33) is
reduced to some extent, in addition to the condition where the predetermined time has elapsed from
the start of theckbohdjystendie. T kistpiées bpdtinhecalefcastingroperedidt) fralefiosing usetessiyepeafobmed. 5
ADVANTAGES OF THE INVENTION [0021] As described above, according to the present invention,
the opddratirsh@pered,cinthe ltighl pred sirl € 30hisi e bilget A ilmhsstethEl Py ess e ppbdedompressed
refrigerant reaches the target value in the defrosting operation (defrosting mode). Thus, a heating
capacity cafdB22quicRigcadjigietbtdlz sektainie laspetigafapacitnvAstameshl, andedrdstfigrafddersime can
be 10shortened, and a highly-reliable container refrigeration system (10) can be provided. [0022]
According toitbid @ewpbetaspethadashpinssant(d0) dnd tinevapahief(§ér anadjiustddiiegdndingen the
compressor (30) and the evaporator (33) is adjusted depending on the superheating degree SH of
discharged seffegeaintg Siegotically, efheisahar gep aefidgenagtde GrereiBienltylowhparthef sefprybeating
circulating between the compressor (30) and the

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

15 evaporator (33) is discharged to the high-pressure liquid pipe (25), thereby decreasing the
circulating refrigerant amount to increase the superheating degree SH. This prevents
refrigerant from being in a moist state in the compressor (30) (i.e., prevents liquid
compression in the compressor (30)). On the other hand, when the superheating degree SH
is high, refrigerant of the high-pressure liquid pipe (25) is supplied to make up for deficiency

20  of refrigerant circulating between the compressor (30) and the evaporator (33), thereby
increasing the circulating refrigerant amount to decrease the superheating degree SH. This
prevents an abnormal increase in outlet temperature of the compressor (30), thereby
protecting the compressor (30).

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

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



15 evaporator (33) is discharged to the high-pressure liquid pipe (25), thereby decreasing the
circulating refrigerant amount to increase the superheating degree SH. This prevents refrigerant from
being in a moist state in the compressor (30) (i.e., prevents liquid compression in the compressor
(30)). On the other hand, when the superheating degree SH is high, refrigerant of the high-pressure
liquid pipe (@ s3vEplieditemrakisshderdebaiencyndernstre¢bigasanhdeasddting rjweesftiyerant.
compressor (30) and the evaporator (33), thereby increasing the circulating refrigerant amount to
decrease thEhipHoveatingrdegr@e st o hisrigensant® ae almetimial ihereasgeisau) temperaigre of
the compressor (30), thereby protecting the compressor (30).  [0023] According to the fourth aspect
of the inventiessurethiguéfrigipeaii2 siis cinadrgee2Foreiatiain, tee anstaiete-hantaiaerfaigd3) idisgeraed.
Thus, it is encouraged that part of the compressed refrigerant discharged to the condenser (31) is
condensed optwvditpridsrefigrhdynpeffumatbws a large amount of refrigerant to be stored in the
condenser (31) or the high-pressure liquid pipe (25), and therefore it can be ensured that the
refrigefmnt ed¥drgeAmperdimn te stheofifty pasfiecmed. G{O0RWEAToordiigeto the fdthletspefrigerine
invention, when the outlet refrigerant temperature of the evaporator (33) reaches equal to or higher
than the preclamEmaturedf teevagbetde{{83tireg omexde Uhiet daog bighelugadortiteey prestsmenetithal ue in
compressed refrigerant is changed to a higher value. Thus, after frost adhered to the evaporator (33)
is melted, frithstdedifvstieg tapeegthea tagehvdlae foatheyakssaresofgbd compnesdbe refiageraatas (3@)hgeeh be
melted at once at a 10 high temperature. As a result, the defrosting mode time can be further
shortened. {0024 pkeomiding tOhie sitahfesshadherfetht ithessviaporatoth(8 Htéteniel tedhiblothadtidfedence
between the temperature inside the container and the set temperature inside the container is small,
the defrosting methnisrstaiteghtindeat| sher reagelitisnuridette theapoaliog (88paeitybe el selaipamedat (83) is
reduced to equal to or less than the predetermined value, in addition to the 15 condition where the
predeiérmirmeghtienepesa wiapsAd &rorsulhdistafoistieganotndimedan Bdispherentstéheddefrosting mode
from being started even in the state in which no so much frost is actually formed on the evaporator
(33). Thus, KIA2e] theAsmeieksgdtelhstsigtmaspeataot itee prveatitey i thiheestape iatuie chdive diéeematainer
can be more properly stabilized. 20 BRIEF DESCRIPTION OF THE DRAWINGS [0026][FIG. 1] FIG. 1
is a piping dieigvean tifeatenptabtererefsigertitocosyatemanidathe set temperature inside the container is

small, the defrosting mode is started under the condition where the cooling capacity of the
evaporator (33) is reduced to equal to or less than the predetermined value, in addition to the
15 condition where the predetermined time has elapsed from the start of the cooling mode.
This prevents the defrosting mode from being started even in the state in which no so much
frost is actually formed on the evaporator (33). Thus, since the useless defrosting mode can

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

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0026] [FIG. 1] FIG. 1 is a piping diagram of a container refrigeration system of an
embodiment.
[FIG. 2] FIG. 2 is a piping diagram illustrating a refrigerant flow in a cooling
mode of the embodiment.

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



embodiment. [FIG. 2] FIG. 2 is a piping diagram illustrating a refrigerant flow in a cooling mode of
the embodiment. 25[FIG. 3] FIG. 3 is a piping diagram illustrating a refrigerant flow in a defrosting
mode of the embodiment. [FIG. 4] FIG. 4 is a flowchart illustrating a control operation by a
compressor control section of the embodiment. [FIG. 5] FIG. 5 is a flowchart illustrating steps for
changing a tesdebienspandidienaritlP(T)s of a pressure equivalent saturation temperature HP(T) of the
embodiment. [FIG. 6] FIG. 6 is a flowchart illustrating a determination operation by a refrigerant
amount determinatiofFEecudn eidheteimbotionenirt illustirdfing’ hFdéntroisopepiniog biagraomiftst@ting a
refrigerant flow in a refrigerant release operation of a heating operation of the embodiment. 10[FIG. 8]
FIG. 8 is a pipitrgldisgianofl thsteatinglmwefrigerant flow in a refrigerant
[FIG. 5] FIG. 5 is a flowchart illustrating steps for changing a target temperature
5 HP(T)s of a pressure equivalent saturation temperature HP(T) of the embodiment.
[FIG. 6] FIG. 6 is a flowchart illustrating a determination operation by a
refrigerant amount determination section of the embodiment.
[FIG. 7] FIG. 7 is a piping diagram illustrating a refrigerant flow in a refrigerant
release operation of a heating operation of the embodiment.
10 [FIG. 8] FIG. 8 is a piping diagram illustrating a refrigerant flow in a refrigerant
charge operation of the heating operation of the embodiment.
[FIG. 9] FIG. 9is a flowchart illustrating termination conditions for the defrosting
mode of the embodiment.
[FIG. 10] FIG. 10 is a flowchart illustrating starting conditions for a defrosting
15 mode of a second variation of the embodiment.

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

of the second variation of the embodiment.

DESCRIPTION OF EMBODIMENTS

20 [0027] An embodiment of the present invention will be described below in detail with
reference to drawings. Note that the following embodiment and variations will be set forth
merely for purposes of preferred examples in nature, and are not intended to limit the scope,
applications, and use of the invention.
[0028] A container refrigeration system (10) of the present embodiment is configured to

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



charge operation of the heating operation of the embodiment. [FIG. 9] FIG. 9 is a flowchart

illustrating termination conditions for the defrosting mode of the embodiment. [FIG. 10] FIG. 10
is a flowchart illustrating starting conditions for a defrosting 15 mode of a second variation of the
embodiment. [FIG. 11] FIG. 11 is a flowchart illustrating a frost formation detection operation of

the second yatemignoYfatbe LMbodimeint fOrBSIRGRITIINOGHN inlytFQROMEINIHEH0027] An
embodiment of the present invention will be described below in detail with reference to drawings. Note

that the follpguipg] emhodimgntiaad karkiBng wildesetaiash refiglydidsrpwystaas @oyrefeiteds a
examples in nature, and are not intended to limit the scope, applications, and use of the invention.

[0028] A corgfrigerarefrigenati@0)sirsiehictl B atenanprestmdtesrtoqebrfent & edrifjerateh toy2Rcoor lan
inside of a container which is not shown in the figure. The container refrigeration system (10) also
serves as aréftitprahosiirguit sige) dpehides of aaimicineitb@dy, F00230]4ss ityptsatadroniEl@2),, dhe a
container refrigeration system (10) includes a refrigerant circuit (20) in which refrigerant circulates to
perforrs a reimgeratiimyayrateit TA®) refrigerant circuit (20) includes a main circuit (21), a hot gas bypass
circuit (22), and a
[0030] The main circuit (21) is configured such that a compressor (30), a condenser (31), a
main expansion valve (32), and an evaporator (33) are connected together in series through
refrigerant pipes.
[0031] The compressor (30) includes a motor (not shown in the figure) configured to drive
10 a compression mechanism. The rotational speed of the motor of the compressor (30) is
controlled at multiple levels by an inverter. That is, the compressor (30) is configured such
that the operating speed thereof is variable. The condenser (31) and the evaporator (33) are
fin-and-tube heat exchangers. The condenser (31) is arranged outside the container. An
outside-container fan (condenser fan) (35) is provided near the condenser (31). In the
15 condenser (31), heat is exchanged between air outside the container and refrigerant. The
evaporator (33) is arranged inside the container. An in-container fan (evaporator fan) (36) is
provided near the evaporator (33). In the evaporator (33), heat is exchanged between air
inside the container and refrigerant. A drain pan (37) is provided below the evaporator (33).
The drain pan (37) is formed in a flat container shape opening at an upper end thereof. Frost
20 and ice blocks dropped from the evaporator (33), dew condensation water of air, etc. are
collected into the drain pan (37). The main expansion valve (32) is configured such that the
opening degree thereof is adjustable to multiple levels by a pulse motor.
[0032] An oil separator (40), a check valve (CV), and a pressure adjusting valve (38) are

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

25 condenser (31). An oil return pipe (40a) of the oil separator (40) is connected to the
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5supercooling circuit (23). [0030]The main circuit (21) is configured such that a compressor (30), a
condenser (31), a main expansion valve (32), and an evaporator (33) are connected together in series
through refrigerant pipes. [0031] The compressor (30) includes a motor (not shown in the figure)
configured to drive 10 a compression mechanism. The rotational speed of the motor of the compressor

(30) is conteolvectadling litpleuie (@B by arcipvidatgr tibeatdsbihie peovittessarttdOpiis reanfigpired (goe) that
the operating speed thereof is variable. The condenser (31) and the evaporator (33) are fin-and-tube

heat exchamyershétie canvde(Gw) (NP arsdrigsano uisidrhdrcenidireetiofni ndisite-dontainarrtan
(condenser fan) (35) is provided near the condenser (31). In the 15 condenser (31), heat is
exchanged ibletirera air BIGside dhe pesviainerefridarefrigleoantfldling\iapaTasppdSid) dirotmgedTihside
the container. An in-container fan (evaporator fan) (36) is provided near the evaporator (33). In the
evaporator (B&suneatljastingheaige (38 tiweenfajuiesislethdatahtaipenmociegitgehardofidisajogaig37) is
provided below the evaporator (33). The drain pan (37) is formed in a flat container shape opening at
an uppér end tindtigdé. IEvekt [R0aandseenbtocks dropped from the evaporator (33), dew condensation
water of air, etc. are collected into the drain pan (37). The main expansion valve (32) is configured

such that thH@®@gsjning\ degpieer tie afdsodity staivleeta 42) il e de (33, laysec pndsepemingrclofd0@ 24lke oil
separator (40), a check valve (CV), and a pressure adjusting valve (38) are provided in this order in a
high-pressuyaspipes(@djdoetingemethexdapyessds)(a) aral itk 2bctisiendar i{8 2) hAyh-qifessturn pipe
(40a) of the oil separator (40) is connected to the supercooling circuit (23). A capillary tube (40b) is
provided in liljaidil pateir(2pip &dil=en Tthe coadknsaivé3(J\gralldires nediigerqransidiowalva @2ctioA
indicated by an arrow illustrated in FIG. 1, and prevents refrigerant from flowing in an opposite
direction. Thefigesstirioadjpetting faived 38)the configgnedmbeh (d2)t tmel apenitey pa efethiecrealfng
adjustable 5to multiple levels by a pulse motor. [0033] A receiver (41), a cooling member (42), a drier
(43), AGeconenupeeri#l)/clusacts \wabosvéd @) eemedtSapenvedtingiroedt @otishogaritdihg drgupepvidediin this
order in a high-pressure liquid pipe (25) between the condenser (31) and the main expansion valve
(32). A refrigertat cmdipathdasbermn{é) imnsthenémpiied) toatobleth@ Phveerdetamentenyp agtrofataatcooling

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

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

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

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

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

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

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

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

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

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

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

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

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

25  pressure state). That is, the supercooling branch pipe (26) is a path in which part of liquid
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10 member (42) contacts a power element of an inverter circuit (not shown in the figure). That is, the
cooling member (42) is configured to cool the power element by refrigerant. The second
opening/closing valve (49) is an openable solenoid valve. The drier (43) is configured to trap moisture
in liquid refrigerant flowing out from the condenser (31). [0034] The supercooling heat exchanger (44)

is configuregfiageeaitliab e ¢hidhesantuld figyithpioe( 28)nstheascdease fIGAY. intcte peraslingdeat
exchanger (44) includes a primary path (45) and a secondary path (46). That is, in the supercooling

heat exchangeiptdioheeiambxcloingedcbeivvessorrgByerant finsviogetiingigbsing pelvargpatinta) and
refrigerant flowing through the secondary path (46). The primary path (45) is connected to the

high-pressugpbedol ipigpeXa)sidrihaivai@ g)ratdt{dljidad drthbessqemncaulinatita@#) spe@28)roreated to
a supercooling branch pipe (26) of the supercooling circuit (23). An inlet end of the supercooling

branch pipenRf)sisecofnketsstdnding igh-p46%sumhédfivst pipen 2t losinge ealvee(4DpIngnTopaiadid42)
and the second opening/closing valve (49). An outlet end of the supercooling branch pipe (26) is

conneded wkermhpabssion bbaopeercohiteyragetintéonoralve 8 isatuarfipen dosuble thatmpeesgatifigo) in
the middle of compression (intermediate 25pressure state). That is, the supercooling branch pipe (26)

is a path in segiek piaateof ligadjustitide tantnod tipie Heyeipreg i lsguidqige 26 s enashe grasstiidows
into the intermediate compression chamber of the compressor (30). A first opening/closing valve (47)
and a superedotitignerpeirsismvaing 4@y aoaquhasadiee prethersop exfrigdilagtbranch pipe (26) on an inlet
side of the secondary path (46). The first opening/closing valve (47) is an openable 5 solenoid valve.
The supercfilBl] exphaadion gas\ey/p48) ©rconfi@2)enhdudbsthadi tigteapeim nuattefi@edck teaf isranch
adjustable to multiple levels by a pulse motor, and serves as a pressure reduction mechanism
configured matted(ide B¢ (bhe St cinafgtr4hl) [D0BBicTdredmot lyasdiypatbs sH))litq@d)echdradetha
single main path (50) and two branch paths (51, 52) (the first branch path (51) and the second branch
path (5Q)) braancipeth ffadh thAnlialetaird pdttng 503 nApathl €03 nsl cohtiee tatkio thathi §6)reseoagesiadeo the
high-pressure gas pipe (24) between the check valve (CV) and the pressure adjusting valve (38). A
third openin@4)obatgaealvthés5Bhésiprogide d CMheandaithaphetSde Taugutting opswendA8psing vidird (53)
is an openable solenoid valve. [0036] One end of the first branch path (51) is connected to an outlet
end of the ropénipgttiosing valve (53) is provided in the main path (50). The third opening/closing

valve (53) is an openable solenoid valve.

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

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

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

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

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

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

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

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

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

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

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

25  compressor (30)) to the evaporator (33).
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15 (50), and the other end of the first branch path (51) is connected to a low-pressure liquid pipe (27)
between the main expansion valve (32) and the evaporator (33). Similarly, one end of the second
branch path (52) is connected to the outlet end of the main path (50), and the other end of the second
branch path (52) is connected to the low-pressure liquid pipe (27). The second branch path (52) is a

refrigerant s Tpngaraticus thendives letanare gatvided .im t20) redioamt o cACPo) brapeifiatiyo2)
includes a drain pan heater (54) arranged so as to extend in a serpentine shape along a bottom part of

the drain parng3 pyedhe: drisopgsoheatdyiSirisiconiigueden) heaat an dotictetarh feeatlnaingpsor (@D) by
refrigerant. As in the foregoing, the hot gas bypass circuit (22) is a bypass circuit configured to supply

refrigerant cognproessed im tiechigmprasens 30 pitegR4p Mdekahiga pretsiresss® (66 liefcigeignted
discharged from the 25compressor (30)) to the evaporator (33). [0037]Various sensors etc. are

provided in tinegetrigheamtessireiof20ySpesificaliyas adfidie resdischagad drdfD)he dugiprpsses8e)switch
(61), and an outlet temperature sensor (62) are provided in the high-pressure gas pipe (24). The high
pressufe senisoo (B} iropofiyureddanoe(62) tiseconéissued of igbeptassenepgesnefiid dright shessineeged
from the compressor (30). 5 The outlet temperature sensor (62) is configured to detect the
temperaturgasf lefgiygueas sisehgag ddfogetiantchgaeasge(BHom Al wgrgssess een(S0)(63) andfaregdete
sensor (63) and an inlet temperature sensor (64) are provided in a low pressure gas pipe (28) between
the evaporaton{&3jaaddsnc(diperesoodEd The low pressuegysepim (B3) hstomefigheceltpatatect the
pressure of low-pressure gas refrigerant flowing into the compressor (30). The inlet 10temperature
sensor (64)(B3yaniig thre d oond stesorr tii@0)e mpkeatove feksure essare(§2)s ike frapéiguredl owinigtactottize
compressor (30). [0038] An inlet temperature sensor (65) is provided in the supercooling branch pipe
(26) on pressure of low-pressure gas refrigerant flowing into the compressor (30). The inlet
10  temperature sensor (64) is configured to detect the temperature of low-pressure gas refrigerant
flowing into the compressor (30).
[0038] An inlet temperature sensor (65) is provided in the supercooling branch pipe (26) on
an inlet side of the secondary path (46), and an outlet temperature sensor (66) is provided in
the supercooling branch pipe (26) on an outlet side of the secondary path (46). The inlet
15  temperature sensor (65) is configured to detect the temperature of refrigerant right before the
refrigerant flows into the secondary path (46). The outflet temperature sensor (66) is
configured to detect the temperature of refrigerant right after the refrigerant flows out from
the secondary path (46).
[0039] An inlet temperature sensor (67) is provided in the low-pressure liquid pipe (27) on
20  an inlet side of the evaporator (33). The inlet temperature sensor (67) is configured to detect
the temperature of refrigerant right before the refrigerant flows into the evaporator (33). An
outlet temperature sensor (68) is provided in the low pressure gas pipe (28) on an outlet side
of the evaporator (33). The outlet temperature sensor (68) is configured to detect the

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

25 [0040] An outdoor air temperature sensor (69) is provided on an inlet side of the condenser
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an inlet side of the secondary path (46), and an outlet temperature sensor (66) is provided in the
supercooling branch pipe (26) on an outlet side of the secondary path (46). The inlet 15 temperature
sensor (65) is configured to detect the temperature of refrigerant right before the refrigerant flows into
the secondary path (46). The outflet temperature sensor (66) is configured to detect the temperature of

refrigerant righy aditsiokhencetogeiiank. flonts @iltdicun dhrasapondaty ator(469) PGAfifordad detect
temperature sensor (67) is provided in the low-pressure liquid pipe (27) on 20 an inlet side of the
evaporator {g3)emperanlet Eajresatsice seasonthirgngiconiigviedoer dateahpreatarpeigiubefofe the
refrigerant right before the refrigerant flows into the evaporator (33). An outlet temperature sensor (68)
is provided air thetdinly thessutaigasfionws i28)the eonoerbet $Bl. of Areielapenasea(GR) sdrivero(tigtis
temperature sensor (68) is configured to detect the temperature of refrigerant right after the refrigerant
flows out fronoviveevapaitaoin8t)sidd[@d4theAavaptdator (33 nieitatithe seorsaingsO)aisdprvidetledn an
inlet side of the condenser (31) outside the container. The outdoor air temperature sensor (69) is
configlged temigdeattithestasopa(Zt)ria qirantidadtsioe thee matdriside (0f.thanevapdoatoni(38)ipeiddutied right
before the air outside the container flows into the condenser (31). An inlet temperature sensor (70) is
provided orctinéainket sidiheoirize tevgeoatiny §830iN$ide iheadidame rioadetent thetiempdetope aftaie
sensor (71) is provided on the outlet side of the evaporator (33) inside the container. The inlet
temperaturénsgtestive( cONtis mamfig bt du fiorel ¢he chithins et plreatoreadferipassedetieugb ntaneapgldtefore
the air inside the container passes through the evaporator (33). The outlet temperature sensor (71) is
configured {83)eteththeuttaniperptuat el sinjois(dé )tieecoafitairesr togletedtendhenape rakickecha cosidaner
passes through the evaporator (33). 10 [0041] A controller (80) which is a control section configured
to control theeetmgErentigint aft€20jeiaiprosidiethéctmtaouantpassrsrifinggratere sysoeato( 83) The
controller (80) includes a compressor control section (81) configured to control the operating speed of
the cdiipre 3o¢1([30) Aa caitre | ynB0) sektobni$82 coottibgeeticio comfigniridk toatoasr ¢B2Hh S8 #igenBdit 49,
53), a fan control section (83) configured to control the fans (35, 36), and a refrigerant 15 amount
determinationicsgict{3n) (81)pcowiigdraa thedetertaiimes aaksfgeratnt ayatsomt(t0x defiestiogtrmbele (8B)ch
will be described later. Note that the valve control section (82) serves as a refrigerant amount control
section of thechrdsseatdovpntasor [@DUR)l israties (81) configured to control the operating speed of the

compressor (30), a valve control section (82) configured to control the valves (32, 38, 47, 48,
49, 53), a fan control section (83) configured to control the fans (35, 36), and a refrigerant
15 amount determination section (84) configured to determine a refrigerant amount in a
defrosting mode which will be described later. Note that the valve control section (82)
serves as a refrigerant amount control section of the present invention.
[0042] Modes
Next, modes of the container refrigeration system (10) will be described. The
20  modes of the container refrigeration system fall into two broad categories: a “cooling mode
(cooling operation)” and the “defrosting mode (defrosting operation).” The cooling mode is
the mode in which the inside of the container is cooled to a relatively-low temperature. That
is, the cooling mode is the mode in which the inside of the container is refrigerated/frozen to
store transport objects (e.g., fresh food) held in the container body. The defrosting mode is

25  the mode in which frost adhered to, e.g., a surface of a heat transfer pipe of the evaporator is
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Next, modes of the container refrigeration system (10) will be described. The 20 modes of the
container refrigeration system fall into two broad categories: a "cooling mode (cooling operation)" and
the "defrosting mode (defrosting operation).” The cooling mode is the mode in which the inside of the
container is cooled to a relatively-low temperature. That is, the cooling mode is the mode in which the
inside of theneftathinghis defrigengteditiorepadatned tvnspdriobiectetenaintesbt food) esldlipsbe
container body. The defrosting mode is 25the mode in which frost adhered to, e.g., a surface of a heat
transfer piprerhiheevamiaatof ishanatdihgThe die {metingimede dsfastiagmnadee iyntisngp® and the
predetermined set time has elapsed from, e.g., a start of the cooling mode (every time a defrosting
timer countsaghngnadbésaeslimgdradde termaaativechhfter defirvstiatjonootthe defrosting mode. [0043]
<Cooling Mode> 5In the cooling mode illustrated in FIG. 2, the first opening/closing valve (47) and the
second op€jtitdetlosit@putigN#Reare in an open state, and the third opening/closing valve (53) is in a
closed state. The pressure adjusting valve (38) is in a fully-open state, and the degrees of opening of
the sugercooling expansiocoaivg @éjailththatshin Expaadsite Viabve(8Rinalel esligstadvay 4Bcassary.
In addition, the compressor (30), the outside-container 10fan (35), and the in-container fan (36) are in
operation. [fH24dddaedrigesningicosing Sedua 40 aenipressae{8Qjate candlehseatli{dispyrategdhesityin the
condenser (31), and then passes through the receiver (41). After passing through the receiver (41),

part of the redhige(@8)tilawa thusadstatee oMqpessure Hdjustipgpea(2d ) 38nds timearkiipiopey piate odriie
refrigerant flows into the supercooling branch pipe (26). The pressure 15 of the refrigerant flowing

through thettenwdpgessuod bgardnuipe (2¢€) Isperdockagbyxibensita nvekea () ravetee (BRinagpénesioisuch
refrigerant flows through the evaporator (33). In the evaporator (33), the refrigerant is evaporated by
absorbing hedvdr(39) aireiadjdst¢eiasoatasaany.In Buatidéioraihe cohprassongizly tHe comtaieeosatoaied.
The refrigerant evaporated in the evaporator (33) flows into the compressor (30) and is re-compressed
thereih0 20[G0UEPT, e ghtes suned nfaiher riafi (k6 partefiowpeyatitn.the supercooling branch pipe (26) is
[0044] Refrigerant compressed in the compressor (30) is condensed (dissipates heat) in the
condenser (31), and then passes through the receiver (41). After passing through the
receiver (41), part of the refrigerant flows through the low-pressure liquid pipe (27), and the
remaining part of the refrigerant flows into the supercooling branch pipe (26). The pressure
15  of the refrigerant flowing through the low-pressure liquid pipe (27) is reduced by the main
expansion valve (32), and then such refrigerant flows through the evaporator (33). In the
evaporator (33), the refrigerant is evaporated by absorbing heat from air inside the container.
In such a manner, the air inside the container is cooled. The refrigerant evaporated in the
evaporator (33) flows into the compressor (30) and is re-compressed therein.
20 [0045] The pressure of the refrigerant flowing into the supercooling branch pipe (26) is
reduced to an intermediate pressure by passing through the supercooling expansion valve
(48), and then such refrigerant flows through the secondary path (46) of the supercooling heat
exchanger (44). In the supercooling heat exchanger (44), heat is exchanged between

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

25  secondary path (46). As a result, the refrigerant of the primary path (45) is supercooled, and
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reduced to an intermediate pressure by passing through the supercooling expansion valve (48), and
then such refrigerant flows through the secondary path (46) of the supercooling heat exchanger (44).
In the supercooling heat exchanger (44), heat is exchanged between refrigerant flowing through the

primary path (45) and refrigerant flowing through the 25secondary path (46). As a result, the

refrigerant efd¢hefpigerany pathg4b¢dadiuperanoles) anel/dperaritigetant efitheraacoigdng pamhf(ée) is
evaporated. The refrigerant flowing out from the secondary path (46) flows into the compression

chamber oftiieeseoonpaeg et 3@pINfrowin tieto etiatenpsessioe shatathr@fgheatoimiatseediiae)pirtanf the
compressor (30). [0046] In the cooling mode, the operating speed (operating frequency) of the

compressolinfe@@yistcpraseliecstayettre ampresseneaiiito pectbthé&bm pressfi¢aly, the operating
speed of the compressor (30) is controlled such that an outlet air temperature SS approaches a target
temperatur¢0BB6]In additiecoolitiiencoddingerombeating sptatiofupksgrard foddbenoyiifleheautmimesdan (35)
is controlled by the fan control section (83). Specifically, the rotational speed of a motor of the
outsidescon(ainds tamif38pismotiteatedmesiotitanagressioe (BR)of Jfktilitealbyessempeedtigerspeed
detected by the high pressure sensor (60) is maintained constant. Further, the fan control section (83)
controls theofataticorapsgzsexd(80 tie dontotital seciiah {{36) adtietitiptenpeeitude SErappwanhes adalyy load
inside the container. [0047] In the cooling mode, a so-called "superheating degree control" in
associationtertpetheuce@re dhopdaitignpfithéhmavolirpamside) \théveotadpimmipepimanef] the tbetsiak-e
control 15 section (82). Specifically, the degree of opening of the main expansion valve (32) is
controlled scaitainat the $8{peiheatimgldddrgdhef fanvgoresdusectiaini@dant Spearigalty the cuatjoredsor
(30) approaches a predetermined set value. In addition, in the cooling mode, the superheating degree
control in aspeailatiba witkothef dbe rewt ide>pemtizxigenf femne (86 és conoliral | e sansitral alpee§d@ei 3-8 suf
performed by the valve control section (82). Specifically, the 20 degree of opening of the supercooling
expansion Vad\ep8iu centigdfadt suatbctiadt i el payh gatissy degprese of 60)eisn@diateHpad saunstant.

refrigerant flowing out from the secondary path (46) of the supercooling heat exchanger (44)
approachedarpreri¢bherfameshel sedtion[(EB)8jonDelsdbargtMiodebspeed of the in-container fan (36)
at multiple levels depending on a cooling load inside the container.
[0047] In the cooling mode, a so-called “superheating degree control” in association with
the degree of opening of the main expansion valve (32) is performed by the valve control
15 section (82). Specifically, the degree of opening of the main expansion valve (32) is
controlled such that the superheating degree of low-pressure refrigerant flowing into the
compressor (30) approaches a predetermined set value. In addition, in the cooling mode, the
superheating degree control in association with the degree of opening of the supercooling
expansion valve (48) is also performed by the valve control section (82). Specifically, the
20  degree of opening of the supercooling expansion valve (48) is controlled such that the
superheating degree of intermediate-pressure refrigerant flowing out from the secondary path
(46) of the supercooling heat exchanger (44) approaches a predetermined set value.
[0048] <Defrosting Mode>

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

25 e.g., the surface of the heat transfer pipe of the evaporator (33), and is gradually deposited in
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When the foregoing cooling mode is continuously performed, frost is adhered to, 25e.g., the surface of
the heat transfer pipe of the evaporator (33), and is gradually deposited in larger quantities. Thus, in
the container refrigeration system (10), the defrosting mode for defrosting the evaporator (33) is
performed every time the predetermined time has elapsed from the start of the cooling mode (every
time the defepgéinguanttiesouritauspin[@4Ednthipatefsastanationdysibmst(atdthe Fdébrastinghacvederin
which high-temperature 5 high-pressure gas refrigerant compressed in the compressor (30) is

supplied to tlfrestmpotiadcsaR) dtp bR sising rioenceth denseti (&L ihtherederinainedil)irtehas papseding
heat exchanger (44), and the main expansion valve (32). [0050]In the defrosting mode, the second
opening/clofinrg tralsealld tiseindbkingl ossit Seatay aimettie tifcbstantirgéelosing wl)e (53) is in the open
state. The main expansion valve (32) 10 is in a fully-closed state (zero pulse). The first
opening/clogogojalvE@rd deftbstipressode dhljstetiied walFeé338)isathd thedau jrerehichnii ghiemnpavatwalve
(48) are, as a general rule, in the fully-closed state (zero pulse). While the compressor (30) is in

operatidn, thigjloptesiereaaaivtidenn(BE) apdbel im coa taimprdsso (360 Jaikesapppizddatha @aperataule.
[0051] Refrigerant compressed in the compressor (30) is supplied to the evaporator (33) 15 through

the hot gas [Bgpayhepassingd)e Speatths=ll(31)jdhepeessrare(gh)s tefrsgpesctdlimg$tht @xghatiyemiédr, path
(50), and then is branched into the first branch path (51) and the second branch path (52). The
refrigerant fhodithg maintbepaesiond/airen@2)path (52) passes through the drain pan heater (54). For
example, ice blocks dropped from a surface of the evaporator (33) are collected into the drain pan
(37). The icbi0¢ks &ichamefrestiad ardentitestdnynthep20ingfulpsragivibwi(iPjhsdughelctosiaistgtan
heater (54). The melted water is discharged to outside the container through a predetermined flow
path. [0052hthehedfrigeopen ftoidlogiogividven (68 drairthzaopke atete(54) ieinwihexpdrigieranlve (32)
10 is in a fully-closed state (zero pulse). The first opening/closing valve (47), the pressure
adjusting valve (38), and the supercooling expansion valve (48) are, as a general rule, in the
fully-closed state (zero pulse). While the compressor (30) is in operation, the outside-
container fan (35) and the in-container fan (36) are stopped as a general rule.
[0051] Refrigerant compressed in the compressor (30) is supplied to the evaporator (33)
15 through the hot gas bypass circuit (22). Specifically, high-pressure gas refrigerant flows
through the main path (50), and then is branched into the first branch path (51) and the second
branch path (52). The refrigerant flowing into the second branch path (52) passes through
the drain pan heater (54). For example, ice blocks dropped from a surface of the evaporator
(33) are collected into the drain pan (37). The ice blocks etc. are heated and melted by the
20  refrigerant flowing through the drain pan heater (54). The melted water is discharged to
outside the container through a predetermined flow path.
[0052] The refrigerant flowing out from the drain pan heater (54) joins the refrigerant
flowing out from the first branch path (51), and then flows through the evaporator (33). In

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

25 heat transfer pipe of the evaporator (33). Thus, frost adhered to the periphery of the heat
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flowing out from the first branch path (51), and then flows through the evaporator (33). In the
evaporator (33), high-pressure gas refrigerant (so-called "hot gas") circulates through the 25heat
transfer pipe of the evaporator (33). Thus, frost adhered to the periphery of the heat transfer pipe of
the evaporator (33) is gradually heated from an inside of the heat transfer pipe by the refrigerant. As a

result, the frasisfatspecialibhevayapnoat@3§3s hiaduady abxteddiien andhisidiroppechiaryihsfdrgsipe
transfer pipe. Then, the frost (ice blocks) dropped from the heat transfer pipe is collected into the drain

pan (37). The térigerigetdmsed Agr 1 efsakiine df Gihedawapbratbe (SA)pbeatsr i(80)tie gratipigsswitEs0)
and is compressed therein. [0053] In the foregoing defrosting mode, the following controls are
performed lydhe desgpetistrotiotise(8dat82ardIeBgind 00F4kAstibustoateicin HtCks}, druppgake fadimgtispeed
(operating frequency) of the compressor (30) is controlled by the compressor control section (81).
Specificallyhtaetrafstamipe $sookbesttwisectherd(8ih) gaon(BFls thEhepefataguspesed 6drtioefoastipgesfsor
(30) such that the pressure detected by the high pressure sensor (60) reaches a predetermined value,
i.e., a [Fessheeceapivaten3Sa floatsointtethe ecatpresstiP (3D odrit gb coraprassed efidgeinant reaches the
predetermined value. More specifically, the compressor control section (81) increases a current
operating spees8N ofrihtnedorpgedsprddt)ding predketenmifudidaimgurdniilsvhaen pdGaromditionthef a
first determination illustrated in FIG. 4 are satisfied. In the first determination, "HP(T)s" represents a
target tempewatroiesedtibesBis 8238 gdyalent saturation temperature HP(T). In the present
embodiment, if the pressure equivalent saturation temperature HP(T) is lower than the target
temperatur¢(a84]r)s Ay alhrstdetberminde Galde (B€)opacitiagstapedd, ¢opmmerdgrequescyegeirdi as a
lack of the defrosting capacity (heating 20 capacity). Thus, the operating speed of the compressor
(30) is increzwepreddus (30)easesritrel befrogting capamiegson tuajpobsentiemi@DimeSieatieal ifththe
pressure equivalent saturation temperature HP(T) is not lower than the target temperature HP(T)s by
the prideteconmeessa werasot esdiie (B Abowe dletiop epatatingppeed affitie compresso(3BP3ushrtbetased
when a difference between high and low pressures (high pressure HP - low

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

pressure equivalent saturation temperature HP(T) of high-pressure refrigerant reaches the
predetermined value. More specifically, the compressor control section (81) increases a
current operating speed N of the compressor (30) by a predetermined amount AN when
15 conditions of a first determination illustrated in FIG. 4 are satisfied. In the first
determination, “HP(T)s” represents a target temperature of the pressure equivalent saturation
temperature HP(T). In the present embodiment, if the pressure equivalent saturation
temperature HP(T) is lower than the target temperature HP(T)s by a predetermined value
(2°C), such a state is, considering errors, regarded as a lack of the defrosting capacity (heating
20  capacity). Thus, the operating speed of the compressor (30) is increased. This increases
the defrosting capacity. In the present embodiment, even if the pressure equivalent
saturation temperature HP(T) is not lower than the target temperature HP(T)s by the

predetermined value as described above, the operating speed of the compressor (30) is
increased when a difference between high and low pressures (high pressure HP — low

25  pressure LP) reaches equal to or less than a predetermined value (200 kPa). This increases
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25pressure LP) reaches equal to or less than a predetermined value (200 kPa). This increases the
difference between high and low pressures in the compressor (30). Thus, damage of the compressor
(30) due to too small difference between high and low pressures can be prevented in advance. The
high pressure HP is the pressure of high-pressure refrigerant detected by the high pressure sensor

(60), and thixndayiffarenseliseiviRén tighpaasduve mekdurgras s edeipigssan(36)detkisteddayntine eivine
pressure sensor (63). If the conditions of the first determination are still satisfied, the operating speed

N of the conprgseszo(3BD)sifiertbesinaradstitféryibe predetehigineddamoypné AN < in theferepedg.
Note that, in the present embodiment, the target temperature HP(T)s is set to 50C. The temperature of
50C is a suitabiwdneating berhjagr ptassusd WRiEtrostessutb@ hisightraasierpifeigerant deeprechattionce by
rapid heating. 10 If conditions of a second determination illustrated in FIG. 4 are satisfied, the
compressohigimprebs@etsany@1(60%carases e pressimt dieiatingpspssace N ool eprassupeassagd @Ot by
the predetermined amount AN. Specifically, when the pressure equivalent saturation temperature
HP(T) & higleerctedmyhibddogeptessyrersdnger KEX)T)sIbyha poaditiensifedlevidisted 2N isatibraastadells
regarded as excess of the defrosting capacity (heating capacity), and the 15 operating speed of the
compressos{afied, ddureapedtinhisspeddicts tife ithefrostmuesswaly) ltiss Alsher donditised obyhehgecond
determination that the difference between high and low pressures (high pressure HP - low pressure
LP) is equaptedetegmaater dhauat prisdedeantime fovedoan (25 NoRajhadthis ishb quassd, efrthedipenatitig
speed of the compressor (30) is decreased when the difference between high and low pressures in the
compressotdi@e) iwspatiure HR{Disfes csrtad&VE€en TightampdmatuprefstBes issfartueabliecheatad,
resulting in the damage of the compressor (30). If the conditions of the second determination are still
satisfied, thiermperatting a peleid Nfafsthen dbmpees trangB0)ppéuithet diecpped etl trycthieypragid teeating.d
amount AN as in the foregoing. As described above, the operating speed of the compressor (30) is
contrdlled slfctotithtitine pfesseve et drtaterinsaonrakiosiretedpiar dlGe HR(EA siishiaohtdheecopfreswsiant
(within a predetermined range), thereby properly and quickly adjusting the defrosting capacity. [0055]
As illustratesbintrel Gedian (B) plesreatasniieodiment  opérati b espeadpirafuties (cempnessva(édatoy thelet
refrigerant temperature EOS) of refrigerant detected by the outlet

predetermined amount AN.  Specifically, when the pressure equivalent saturation

temperature HP(T) is higher than the target temperature HP(T)s by a predetermined value
(2°C), such a state is regarded as excess of the defrosting capacity (heating capacity), and the
15 operating speed of the compressor (30) is decreased. This reduces the defrosting capacity.

It is also a condition of the second determination that the difference between high and low
pressures (high pressure HP — low pressure LP) is equal to or greater than a predetermined

value (250 kPa). This is because, if the operating speed of the compressor (30) is decreased
when the difference between high and low pressures in the compressor (30) is small, the
20  difference between high and low pressures is further decreased, resulting in the damage of the
compressor (30). If the conditions of the second determination are still satisfied, the
operating speed N of the compressor (30) is further decreased by the predetermined amount
AN as in the foregoing. As described above, the operating speed of the compressor (30) is
controlled such that the pressure equivalent saturation temperature HP(T) is maintained

25  constant (within a predetermined range), thereby properly and quickly adjusting the defrosting
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temperature sensor (68) in the defrosting mode reaches equal to or higher than a 5 predetermined
value (5C), the target temperature HP(T)s is changed to a higher value. In the present embodiment,
the target temperature HP(T)s is changed from 50C to 65C. This is because, when the evaporator
outlet refrigerant temperature EOS reaches equal to or higher than the predetermined value, such a
state is reggspacitgs melting most of frost adhered to the evaporator (33), and then frost adhered to,
e.g., the in-container fan (36) and air path walls 10 (not shown in the figure) arranged around the

evaporator [63953% melteil adteneat iat RIGIK fartrepadssat dibbdimahemieer enis temfergerec(icesn over
the state in which frost is dropped from the evaporator (33) by rapidly heating the frost at a high

temperatureyf@ston thattmmpbrigarts arcamokthr evapo B tosf(3@f ik enatte diécaegh oyt pgodwfdime.
[0056] The refrigerant amount determination section (84) determines excess or deficiency 15 of a
refrigerant agnmpenrdture refisgerd68 cinouldtordefioisting theadiefrosdohgsnegigal Depesrdinigiwn thieapxaess
or deficiency of the refrigerant amount, the valve control section (82) controls the first opening/closing

valve (87), firedetesaimed adjlusti(ty @ viee (88)etrahibe stume HRAN g seotmmamgio movalkiz (dB e thie fan
control section (83) controls the outside-container fan (35). [0057] Specifically, as illustrated in FIG. 6,

a determinatiepreparatiobduiirtieatrehegargett t2tparatume HEMsnatiig sk iroon 384} to BeFformatidn a
normal operation (i.e., the defrosting mode illustrated in FIG. 3), when the refrigerant amount
determinatignbseatiss) \(3ve) dr¢aavapreatbasetleo refrigatidansnopadinse &2SrmatatonjgliaktoatedighélG. 6
that the refrigerant amount is excessive, a refrigerant release operation (refrigerant discharge
operation) ithestréue dred&EBnines paliermedh drstite refdgendat aelealengpeoatiohfrivet Afmredsorthe
adjusting valve (38) is switched to the open state by the valve control section (82), and the
outside-congaaperdtan (33), ismopthetddoat adlerespoed.hy the farcadainet Sect{@6)(86J. dir thethrefidterant
release operation, part of high-pressure refrigerant discharged from the compressor (30) is condensed
in the Kbndémstes@4), anthis Bopredl anrtingee ceowerd(418 . eMapstabart(88) afrigeltact at tveeeftigdneght
circulation cycle of the defrosting mode is released to the 5 high-pressure liquid pipe (25), thereby
decreasing tdreperfigeranT bah dsintvihethehdedrasting lomgbe. doredditionepére aithiguid nefrigerénosiofithe
receiver (41) flows into the cooling member (42). Thus, the inverter circuit is cooled. [0058]In the

conditions afrtippdirStatpttheuapiontitiuéttby rapd(y. [gatig [y frstesenioh repstat e drosi emt
saturation temperature of refrigerant (high-pressure refrigerant)
the components around the evaporator (33) is melted for a short period of time.
[0056] The refrigerant amount determination section (84) determines excess or deficiency
15  of a refrigerant amount in a refrigerant circulation cycle of the defrosting mode. Depending
on the excess or deficiency of the refrigerant amount, the valve control section (82) controls
the first opening/closing valve (47), the pressure adjusting valve (38), and the supercooling
expansion valve (48), and the fan control section (83) controls the outside-container fan (35).
[0057] Specifically, as illustrated in FIG. 6, a determination operation by the refrigerant
20  amount determination section (84) is performed. In a normal operation (i.e., the defrosting
mode illustrated in FIG. 3), when the refrigerant amount determination section (84)
determines based on conditions of a first determination illustrated in FIG. 6 that the
refrigerant amount is excessive, a refrigerant release operation (refrigerant discharge

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

25  pressure adjusting valve (38) is switched to the open state by the valve control section (82),
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10 discharged from the compressor (30), "DCHS" represents a temperature detected by the outlet
temperature sensor (62), and "AMBS" represents a temperature detected by the outdoor air
temperature sensor (69). That is, if the pressure equivalent saturation temperature HP(T) of
high-pressure refrigerant is higher than a predetermined value, and a superheating degree SH (DCHS
- HP(T)) of digctrrrgeditkitortantisiias@y)dn eppradetarmioadspabidehyharefis aohirglasstitiiygBpt
refrigerant discharged from the compressor (30) is in a moist state. Thus, the moist state is prevented
by decreasing tie reffiigie santralesse ndperthip me fpigerah higicpiatisur e yefeigkrad diikwharbtoe fpoassbee
equivalent saturation temperature HP(T) is lower than the outdoor temperature AMBS, the pressure in
the condensem(@a3ssr (&) ds toaddhepinsbamoddrigh-(BEssnckisaetoger amthSirceivefrigeyantTihog/s out
from the condenser (31) by opening 20 the pressure adjusting valve (38), it is one of the conditions
that the prepstiref eefuigatent isathe atifrigteanp enatul s btR(ol esofithisedefnastitienoedd do rdleaspe rattiie
AMBS. Under such a condition, it can be ensured that part of refrigerant discharged from the
compréssoh(Gpieselensieditbyipe (26 cthedeseedbpingthber etfidgseantt ratease dpeahatioefrostif@o59]
In the refrigerant release operation, when the refrigerant amount determination 25section (84)
determinesrmaded dn eddititonpat eobdipid defrégenanatoithisteiedrin(AANGl6wkaintbethefrigelisugt
amount is proper, the process returns to the normal operation illustrated in FIG. 3. That is, when the
superheatingetegme@ JH (Dittis|She HRENRrafidisithsigettdefrigerant is higher than the predetermined
value, such a state is regarded as the state in which it is less likely that refrigerant discharged from the
compressol[(B858]is irrthikeroiglibstatef drdfitsezforanthaiproidkssseidiingdiothe rdPTB appratiors
[0060] In the normal operation, when the refrigerant amount determination section (84) determines
based on cangitessigef eqthiral et tesanireton itngpesbdaén & Grebriterbtie (afigpresstieem g aigficient,
a refrigerant charge operation (refrigerant supply operation) illustrated in FIG. 8 is performed. In the
refrigdi@nt chsotgegeddiatiothetherfipstsdd GHNiMYIEISSimepvedme (44 @pdrthe & dpentes iygrexpaietion
valve (48) are switched to the open state by the valve control section (82). Note that, in the refrigerant
charge opetatipardfuecprassurayjastftAMBE” (38 riséntthe Eiopechttealetentethb\otheidetdootainer fan
(35) is stopped. In the refrigerant charge operation, liquid refrigerant of the receiver (41) flows into the
compressioteroherater sdrisor (Oprdswdng30)the thredsierepdisienressatostdeenperatugy HPY Thef
supercooling branch pipe (26). Thus, refrigerant of the high-pressure liquid pipe (25) is charged
(supplied) toitieprefdgeer sefrigecanbiohigheldhanthep thelrtestmoechuakiet ek bpuperbeating tegreefiSdrbrant
amount in the defrosting mode. In such a case, since liquid refrigerant of the receiver (41) circulates
through the(DmHBg-METY) GF2)idteaiguertefrigesuit issclrete tharO0PRLRwm thenklrd detenmiration
illustrated in FIG. 6, if the state in which the superheating degree SH (DCHS - HP(T)) of discharged

refrigqrgant iﬁc@ﬁ%ﬁh&?tﬁéﬁ&’?@@ﬁ%%@f i ﬁfﬁ‘n‘iﬂ‘\%‘téfﬁqbﬁ%ék’]?@?& Wﬁrn‘ﬁﬁﬁr SR in-m@§,.s{%e .
equivalent saturation temperature HP(T) of high-pressure refrigerant continues for, e.g., 10 minutes, it

is determinggbifiatitie RUPRNIGITRRCEKHUER RRTR) APEPERTGERABRNIB ARNArMAaIfighrlt THeliatrRse,

the refrigerant
cycle. In addition, if the pressure equivalent saturation temperature HP(T) is lower than the
outdoor temperature AMBS, the pressure in the condenser (31) is higher than the pressure of
high-pressure refrigerant.  Since refrigerant flows out from the condenser (31) by opening

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

saturation temperature HP(T) is higher than the outdoor temperature AMBS. Under such a
condition, it can be ensured that part of refrigerant discharged from the compressor (30) is
released toward the condenser (31) in the refrigerant release operation.

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

25  section (84) determines based on conditions of a second determination illustrated in FIG. 6
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25amount in the refrigerant circulation cycle is increased to decrease the superheating degree SH of
discharged refrigerant, thereby protecting the compressor (30). In addition, in the third determination, it
is one of the conditions that the operating speed N of the compressor (30) reaches an upper limit
thereof. If there is a margin in the range of the operating speed N of the compressor (30), the

operating spegdhis iecigeraat dodnotdapeopde fitggrankesirmtlationo thamoundl tperebyréducragdha
superheating degree SH of discharged refrigerant. The superheating degree SH can be more quickly

chang(_ed ar]q@e stabiiiged Ry Wﬁ%‘?\?‘%ﬂég §D6eﬂ&%fﬂ¥b“gjé@%€ds}fltQ@@Pmpmﬂqp(f%Obfam%tﬁ}@@@y the
foregoing refrigerant charge operation. Thus, if the operating speed N of the compressor (30) reaches

the upper gl heiefd Figfp ARATHING SHERAN 81 U8 EoRIRes U AION R A ORIPL G GRsed

the 10 superheating degrée SH of discharg igerant IS decreased by the refrigerant charge

operation. [RR6a] p HgeLeTi|g M%ﬁ%é}&ﬁﬁ%@%%ﬁﬁ%@e&rﬁg}gﬁ QeISrRINRLRR fRfion

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

amoungis pgﬁ?é?%ﬁ@?n@@ﬁ?@?ﬁ@ﬂ%@@s@réﬂﬁmmﬂé %ﬁﬁ%% éM%@ted in FIG. 3. 15 That is, if the

pressure equivalent saturation temperature HP(T) of high-pressure refrigerant reaches equal to or

higher than g edetgingaeghyalico IS SHRGTRREUREHIERIRCamIdk determitaibh Sldisrh@med

refrigerant reaches equal to or lower than a predetermined value, such a state is regarded as thée state

in which the;oHel demBRIaiuts O G FOREPEESTOMIRP) dStEHARRE AN INSHSICiNE REOSS SHAEUHAS tO

the normal operation. 20[0063] As described above, in the defrosting mode, the amount of refrigerant

circulating hefwesR e CARPIE SRR aNdrisRRRLR éﬁé&a%W%F@ﬁggé‘géﬁ?%my%wﬁhéﬁ'ﬁt the

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

predeterminggiuateg (Mt tayoft raageImEfat igpwhen %?rﬁjé?@r{ﬁe&%geﬁ?gﬁﬁti%hl Ifawripgrt of
refrigerant circulating between the compressor (30) and the evaporator (33) is 25released to the
high-prgssugelithirt IR 3RV TUNE RN eR O AL MMM NEPURSHIERLNE (48) are switched to the
open state by the valve control section (82). Note that, in the refrigerant charge operation,
the pressure adjusting valve (38) is in the closed state, and the outside-container fan (35) is
stopped. In the refrigerant charge operation, liquid refrigerant of the receiver (41) flows into
the compression chamber of the compressor (30) in the intermediate pressure state through
15 the supercooling branch pipe (26). Thus, refrigerant of the high-pressure liquid pipe (25) is
charged (supplied) to the refrigerant circulation cycle of the defrosting mode, thereby
increasing the refrigerant amount in the defrosting mode. In such a case, since liquid
refrigerant of the receiver (41) circulates through the cooling member (42), the inverter circuit

is cooled.

20 [0061] In the third determination illustrated in FIG. 6, if the state in which the superheating
degree SH (DCHS — HP(T)) of discharged refrigerant is equal to or higher than the

predetermined value due to an over-decrease in pressure equivalent saturation temperature
HP(T) of high-pressure refrigerant continues for, e.g., 10 minutes, it is determined that the
outlet temperature of the compressor (30) is abnormally high. In such a case, the refrigerant

25 amount in the refrigerant circulation cycle is increased to decrease the superheating degree SH
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degree SH is high, refrigerant of the high-pressure liquid pipe (25) is charged to make up for the
deficiency of refrigerant circulating between the compressor (30) and the evaporator (33). [0064] Next,
termination conditions for the defrosting mode will be described with reference to FIG. 9. In the present
embodiment, the termination conditions are different 5 depending on an elapsed time from a start of

the defrosting disetier(@o efeigsian titherafythedledtivriite nowp)edSIGBIOFirsinadtriition, daftstingdnode
is started and before a first predetermined time (45 minutes) has elapsed, it is determined whether or
not first conglitepnsrariaaiisfiechdépe titicalhditimsl efaostiog pecdin is Jesedinaiefdt e icothpreleiio$80p
mode, the temperature 10 (evaporator outlet refrigerant temperature EOS) of refrigerant detected by
the outlet tawspheatamaippasbm(6ereaf.helf eapralitcaaninigineintiianranpecsietier mpeeativglsige¢aACH AN
the temperature (inlet air temperature RS) of air inside the container detected by the inlet temperature
sensor (70)theaciraprespol (BOYr thiglupethingaspeedeieinureadedataa {8@asd hateafyigethet dsfookitigh mode
is terminated under the first conditions, the operation time of the 15 defrosting mode is less than 45
minuteS. Asafnoshnttieecbyapmhating( 3Bk isupettedtitie esgrperdidr ofitdischiriget ardftrygpatatuh&0S
is gradually increased. In addition, as frost on the evaporator (33) is melted, the temperature of air
flowing intostmed@ataig aetaimezu§h tbenevepooed oo uidR)yischsaded! hnth bee atabil i zaddy enefessi tigethe
temperature (inlet air temperature RS) of air flowing into the evaporator (33) from the container is
gradually ingpeessied,. Simes, 20 Hreinompssssor efa)oratwr otidat byfrigeréoetgrimpe rafrigea@ Schagénlet
air temperature RS to a predetermined temperature is regarded as the state in which most of frost on
the evaporaiper@Bi®his meltgdifahd tperaforg sheedditastitip mowdpresderr(@ontedchAdieththedpest limit
predetermined time has elapsed from the start of the defrosting mode without satisfying the first
conditions dhefdndfare. atse apedapngdaiesdNeaf tiheec(B0pnessateSOhasrelbp sedlangedeterasaedthe
whether or 25n0t second conditions are satisfied. In the second conditions, the predetermined values
for th&levapgratoratintiet egfegesbhiedipehaiyre EDRenadithe ddeteaseteimpdhatusfrRSare detrge
larger values (changed from 20C to 30C and from 3C to 15C) than those of the first conditions. That is,
the defrostingematide.is terminated if the evaporator outlet refrigerant temperature EOS reaches equal
to or higher than 30C and the inlet air temperature RS

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

(84) determines based on conditions of a fourth determination illustrated in FIG. 6 that the
refrigerant amount is proper, the process returns to the normal operation illustrated in FIG. 3.
15 That is, if the pressure equivalent saturation temperature HP(T) of high-pressure refrigerant

reaches equal to or higher than a predetermined value, and the superheating degree SH
(DCHS — HP(T)) of discharged refrigerant reaches equal to or lower than a predetermined

value, such a state is regarded as the state in which the outlet temperature of the compressor
(30) is proper, and therefore the process returns to the normal operation.

20 [0063] As described above, in the defrosting mode, the amount of refrigerant circulating
between the compressor (30) and the evaporator (33) is increased/decreased such that the
superheating degree SH of refrigerant discharged from the compressor (30) reaches the
predetermined value (within a target range). That is, when the superheating degree SH is
low, part of refrigerant circulating between the compressor (30) and the evaporator (33) is

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

23



5 reaches equal to or higher than 15C. If the defrosting mode is terminated under the second
conditions, the operation time of the defrosting mode is equal to or greater than 45 minutes and less
than 90 minutes. If the first conditions are not satisfied until the first predetermined time (45 minutes)
has elapsed, such a state is regarded as the state in which the amount of frost on the evaporator (33)
is significandbgleegsHIis $ligh sebagerathedirdaighpressuvaliqad fifer (76 &vaRoRWIONEreiigerant
temperature EOS and the inlet air temperature RS are set to larger values. Thus, a longer defrosting
mode time aandeéi ctavsey ed refinid ét gartieunisig betiehfthes cimaneptetEdy) raedteh ¢f/tperaanli(3g)node
is performed in the state in which part of frost is not melted, such frost is deposited in larger quantities
a short timg0ay] anddkis teaninatidhatshditiefitogtingtinodefisiitgn medermitd.Hdotesuehesinadttirost is
completely 15 melted, the foregoing state can be prevented. If the amount of frost is large beyond
expectationrefiecttive fim$tic.ndt comipletplysemeleobodarsetotick prendtatiomedndine {9 Qumidiffesnmay
have elapsed without satisfying the second conditions. In such a case, the defrosting mode is forcibly
terminded ddpending secamadlppeetd témaifrechtinstadnasfalapdeftoSingentbeed@fragiengtioro tients dhehmode
in which hot gas is supplied to the evaporator (33), the 20 temperature inside the container is
gradually indeérastnlg Tuodge) when the defrosting mode time reaches the predetermined time, even if
part of frost is not melted, the defrosting mode is forcibly terminated to prevent an abnormal increase
in temperat{0e6bsidd-irs, abetatinedefotBigAdudaiagtetet Embbelioneatfirst predatecomdiew) timeh@l5
foregoing embodiment, in the defrosting mode, the operating 25speed of the compressor (30) is
controlled sméhuths)t thes oeldesedr témise ddterenB8deatlteithertanget tiesh pevatitierS Parehuatishied.
refrigerant circulation amount can be quickly adjusted depending on the outlet air temperature SS,
thereby effiSigatifi iy stivey deledstat ngackep ecirn0Geay i, thre tfer etgdiogsiegn badienene, térapnatuat of
refrigerant circulating between the compressor (30) and the evaporator (33) is adjusted such that the
superh@atingwdpgre®iSidubiets dibtlaeagedieafperatar rEQS)estheefrigelatdrratedtechlbyg (thithioutiet
target range). Specifically, when the superheating degree SH is low, part of refrigerant circulating
between thécogenatessern@0)(63)drdachey agoahtorai33pterdiease drol¢tezrhinéd (Mass 2O Tigumhphithe (25)
(the refrigerant release operation), thereby decreasing the circulating refrigerant amount to increase
the superhdeiipgraegec@rged. dihiseprparahteerdifyerbirs fromideititg icehtmeisieseated 1Qyirthbeinlet
compressor (30) (i.e., prevents liquid compression in the compressor (30)). On the other hand, when
the superhdenimgratyecerBor i6/Ajgieacthsopsraalttof ahdibhh-ihassureetiefaicnpipe YaBi3Kargethas
make up for the deficiency of refrigerant circulating between the compressor (30) and the evaporator
(33) (the reifsigtrthet dekioginopenctiois) (ehpistigdnordersihg first aiarulkitimg, reifei gersat emiduatab the
decrease the superheating degree SH. This prevents an 15 abnormal increase in outlet temperature
of the llomprefseslin@oyaftreriebipsrahentitly thiswiesprAsstingBo) [hecs]apotatofo@oingreltdsbdimeent,
the condition where the pressure equivalent

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

the evaporator (33) is melted, the temperature of air flowing into the container through the
evaporator (33) is gradually increased, and therefore the temperature (inlet air temperature
RS) of air flowing into the evaporator (33) from the container is gradually increased. Thus,
20  anincrease in evaporator outlet refrigerant temperature EOS and inlet air temperature RS to a
predetermined temperature is regarded as the state in which most of frost on the evaporator
(33) is melted, and therefore the defrosting mode is terminated.  After the first predetermined
time has elapsed from the start of the defrosting mode without satisfying the first conditions
and before a second predetermined time (90 minutes) has elapsed, it is determined whether or

25 not second conditions are satisfied. In the second conditions, the predetermined values for
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saturation temperature HP(T) of high-pressure refrigerant is higher than the outdoor temperature
AMBS is added to the conditions for the refrigerant release operation. This 20 prevents a back-flow of
refrigerant from the high-pressure liquid pipe (25) in which the condenser (31) is provided, to the hot
gas bypass circuit (22). Thus, it can be ensured that the refrigerant release operation is performed,

and that thetiedmonpressionréfrieratngorgesaufS@0S prevartede[QH6HnpdretnedrRerantsslease
operation, the outside-container fan (35) is operated. 25Thus, it is encouraged that part of compressed

refrigerant lalgeseditesheeondensem(30y s todtenaad ntenliged reftBRTRnhafh Nisosd st |fiige
amount of refrigerant to be stored in the condenser (31) or the receiver (41), and therefore it can be

ensured thafotititiefisge it rie tise duperation s o tbiynpreital rifethe[ @A) hatthreora feig sstriveratease
operation and the refrigerant charge operation, refrigerant 50of the receiver (41) circulates through the
cooling menehere(4Rire TEGS orduhedes)talctmlonghiglibe haerdor Cirandt. tHROH¢tVairatompeature RS
Embodiment <First Variation>
5 reaches equal to or higher than 15°C. If the defrosting mode is terminated under the second
conditions, the operation time of the defrosting mode is equal to or greater than 45 minutes
and less than 90 minutes. If the first conditions are not satisfied until the first predetermined
time (45 minutes) has elapsed, such a state is regarded as the state in which the amount of
frost on the evaporator (33) is significantly large. In such a case, the predetermined values
10 for the evaporator outlet refrigerant temperature EOS and the inlet air temperature RS are set
to larger values. Thus, a longer defrosting mode time can be ensured, and it can be ensured
that frost is completely melted. If the cooling mode is performed in the state in which part
of frost is not melted, such frost is deposited in larger quantities a short time later, and it is
required that the defrosting mode is often performed. However, since frost is completely
15 melted, the foregoing state can be prevented. If the amount of frost is large beyond
expectation and the frost is not completely melted, the second predetermined time (90
minutes) may have elapsed without satisfying the second conditions. In such a case, the
defrosting mode is forcibly terminated when the second predetermined time has elapsed.
Since the defrosting mode is the mode in which hot gas is supplied to the evaporator (33), the
20  temperature inside the container is gradually increased. Thus, when the defrosting mode
time reaches the predetermined time, even if part of frost is not melted, the defrosting mode is
forcibly terminated to prevent an abnormal increase in temperature inside the container.
[0066] Advantages of Embodiment

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

25  speed of the compressor (30) is controlled such that the outlet air temperature SS reaches the
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In the present variation, the pressure adjusting valve (38) is constantly opened at a 10 predetermined
angle (e.g., the minimum angle) in the defrosting mode of the foregoing embodiment. In such a case,
while the defrosting mode is performed, part of discharged refrigerant is stored in the receiver (41),
and refrigerant of the receiver (41) circulates through the cooling member (42). Thus, it can be
ensured thahithet invepeacire 8PS cDaled tifes rfitgerintadiailiyiof thacentainebeetiigekbtiadjesetem
(20) is further improved. 15[0072] <Second Variation> In the present variation, the starting
conditions feegheltlefmsthrgontidaiotéhpdarege By dmieodintficieatly edfustad. tidhédsnmdaadikegoing
embodiment, the defrosting mode is started every time the defrosting timer counts up. However, in the

present var[alén] therdéfeostirrgaimdenshstinent utide aiconditiohsestigbrast afradtfomgnbtiovestaten
addition to 20 the foregoing condition. Note that the starting conditions (a precondition and main
condition(s))diaiptbsscle{Bostamg ithe de & csic (B3) d Dadfustades oletetattiniesl Sop dHeadmdrodgretBOH of
[0073]As illustrated in FIG. 10, in the present variation, it is the precondition for the start  of the
defrosting rdisdhattyat] theefrigepanataeaciiést refeigeradttermpectura k2O Pwitiguahto aa@btowanglan a
predetermined value (20C). If frost is continuously formed on the evaporator (33), refrigerant is less
likely to be Spegificziéyl, \@hehtiier cipezibatiny ajegre¢osio sl ébvie fpge eintefeiggrenatireuzfifyibetecsrased.
In the present variation, the decrease in evaporator outlet refrigerant temperature EOS is regarded as
the state in tvhicdnfpostsisr f(80) enld ththeveparatoai@3]38)relefisedt is theihigfopresslon liheie \apo@E)r
(33). If the precondition is satisfied, it is 5 determined whether or not the main condition(s) is/are
satisfied. If {tre medimgeanditieledsy isperatsat)sfileretiye denodasing doke ¢& cttqtimedredrigettaan dhedefrmsting
mode is started. The main condition is different depending on whether a state in the cooling mode is
an "out-rangesizde ther supéiinestingalstate . SHihe Toig-penvgeatstaieigerdiddiestbeisgpbe tmewiocdt state
difference between a temperature inside the container and a set temperature inside the container is
equal 120 tdrotlgreataptéessora o deeter prinan tgdlige ] duadrtipecassidel oftieecoonteasser iE3APt cdotethenuch.
The "in-range state" indicates the state in which the difference between the temperature inside the
container anthéndaet, terngre theusepeThiciti tigedegreiBier is hegls tiebmgdrent refdtbie highqulesalue | impdithe
inside of the container is cooled to some extent. In the "out-range state,” the main condition is that the
defrosting tipier (Zh)nis dpargechtics nakeeupotarrdmgdefiatentyhef refrigerant circulating between the

compressor (30) and the evaporator (33) (the refrigerant charge operation), thereby increasing
the circulating refrigerant amount to decrease the superheating degree SH.  This prevents an
15 abnormal increase in outlet temperature of the compressor (30), thereby protecting the
compressor (30).
[0068] In the foregoing embodiment, the condition where the pressure equivalent
saturation temperature HP(T) of high-pressure refrigerant is higher than the outdoor
temperature AMBS is added to the conditions for the refrigerant release operation. This
20  prevents a back-flow of refrigerant from the high-pressure liquid pipe (25) in which the
condenser (31) is provided, to the hot gas bypass circuit (22). Thus, it can be ensured that
the refrigerant release operation is performed, and that the liquid compression in the
compressor (30) is prevented.
[0069] In the refrigerant release operation, the outside-container fan (35) is operated.

25  Thus, it is encouraged that part of compressed refrigerant released to the condenser (31) is
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15 defrosting mode is started after a predetermined time has elapsed from the start of the cooling
mode. On the other hand, in the "in-range state," the main conditions are that the defrosting timer
counts up and frost formation detection is turned ON. That is, in the "in-range state," the defrosting
mode is started after the predetermined time has elapsed from the start of the cooling mode and it is
determineddeddheduinauitofdrestiterared orhibekowp arédaye(3doina Orphegetenmobe storedimt. The
reasons why the different main conditions are set for the "out-range state" and the "in-range state" are
as follows. ththeosidgrson (3¢ )cooling reueileeis(th, "aul-thegfosiatecavbe aiterdbatenalingehogiedst
performed to some extent, it is assumed based on such a state that the cooling capacity of the
evaporator (38hss oydrfitibn usemhoatidytipatfaresstain amount of frost is formed on the evaporator (33).
Thus, for the "out-range 25state,” only the condition where the defrosting timer counts up is set as the
main conditfjo070Pn tinetiodhrefrivanahtinetbastiopgenatierstaie thit refagetanechtirge e coiingefagacity of
the evaporator (33) is properly used, and that not so much frost is formed on the evaporator (33). If
only thé condlitherechizme (A¢ )dgfoodibeg thinoaykahmtooling sehdsti{@2)ai bisnsititvihutds toigbblihkely
that the defrosting mode is actually performed in the state in which not so much 5 frost is formed on
the evaporatbth@B)vertrusjricuibe "in-range state," the actual frost formation state of the evaporator (33)
is detected to determine the frost amount. This prevents the defrosting mode from being uselessly
performed. [0074] Na&sdriatioopefeEimbddimfierst formation detection as described above will be described
with reference to FIG. 11. In the operation for frost formation detection, if base 10 conditions and
back-up conditions asEissttighieatimueh a state is regarded as the state in which a certain amount of
frost is formed on the evaporator (33), and then the "frost formation detection is turned ON." Basically
in the operation for flosthiopreatioinvdatetio rih¢heressoingdjesiagty iverédAnitecoasamtdy tpawd dtaoling
capacity value KA") of the evaporator (33) which is actually used is calculated, and then the frost
formation statelettthenedapagbeoe(@3)tie bidetenmangdtbdsetherdéfimsiowimgackpatithesdhregdmgAs
illustrated in FIG. 11, the basic conditions are as follows: the cooling capacity value KA is lower than a
value obtairetbbgimmeritiplylimguah aveaseyenduotditip cdgfeastingatoed K As ye  arapakigare dfictischsaged and
such a state continues for a predetermined time (1 minute); or a pressure equivalent saturation
temperatureefifganaot iestigedant tilevieqrives (4 ) efind) ertrrg idotvir ghie te atigarddig reissaia (G0thr20gk
lower than a value Tdef, and such a state continues for a predetermined time (1 minute). The cooling
capacity vatbe eoalangirtesbaiud2)defTaes cil catabeccesgrd ghati¢he imvieddrticitelin iheadeting Asatle.
The average cooling capacity value KA is an average of a plurality of calculated cooling capacity
values KA. Melelcoeliialyliypdditg cantainéarefihenatioalsysEoe(ldaciudhenédpesiedctively using the
following first and second equations: 25KA = Q / (RS + SS) /2 - LP(T)) x Coefficient of Flow
QuanfifyFirg0&)aticibecond Variation>

In the present variation, the starting conditions for the defrosting mode of the
foregoing embodiment are changed. That is, in the foregoing embodiment, the defrosting
mode is started every time the defrosting timer counts up. However, in the present variation,
the defrosting mode is started under conditions such as a frost formation state in addition to

20 the foregoing condition. Note that the starting conditions (a precondition and main
condition(s)) for the defrosting mode as described below are determined by the controller
(80).
[0073] As illustrated in FIG. 10, in the present variation, it is the precondition for the start
of the defrosting mode that the evaporator outlet refrigerant temperature EOS is equal to or

25  lower than a predetermined value (20°C). If frost is continuously formed on the evaporator
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Tdef = (RS + SS) /2 - AT + BSecond Equation where "Q" represents a cooling capacity, "RS"
represents an inlet air temperature, "SS" represents an outlet air temperature, the coefficient of flow
guantity is a coefficient determined by taps (a low speed tap and a high speed tap) of the in-container
fan (36), "Tdef' 5 represents a threshold value, "AT" represents a coefficient of temperature, and "B"

represents ¢agpaticigntabinigss lileheasingconpanaterioud deirsfsiinghtiroeafyai thaitléie afogkngt
capacity value KA of the evaporator (33) is unstable right after the cooling mode is started (right after

the compressnpdd@rs B dtedgcrehss). aslilltistratescin WiEatidn inferdecratddcalzagatettheatiefing
capacity value KA until the cooling capacity value KA of the evaporator 10 (33) is stabilized, it is one of

the basic cosftitiorsmtiterhpeeapnedeGs isinaghittre Rabedais doaliieh thessiafonhdtconablrey apodeotafter
the compressor (30) is operated). The back-up conditions are as follows: the inlet air temperature RS
is not decre@3gdbyresiul being doeater trathe pvep@taoni(3)l. valfientOp2étppeitioauis satibtiad,imfet air
temperature RS is higher than a predetermined value (-20C). The back-up conditions are for checking
whethed or detetheribdcabbtteicapaitytiod theieveamaititon €83/ e adtisket. INDWETR ML ARALIGABILITY
[0075] As described above, the present invention is useful as the container refrigeration system
configured is/aeaddtisfiets;ides afdbiéngomitzdads. 20pPESS @RI RAIO thdOde FRESERIREMIRE CHRAC TERS
main condition is different depending on whether a state in the cooling mode is an “out-range
state” or an “in-range state.” The “out-range state” indicates the state in which a difference
between a temperature inside the container and a set temperature inside the container is equal
10  to or greater than a predetermined value, and the inside of the container is not cooled much.
The “in-range state” indicates the state in which the difference between the temperature inside
the container and the set temperature inside the container is less than the predetermined value,
and the inside of the container is cooled to some extent. In the “out-range state,” the main
condition is that the defrosting timer counts up. That is, in the “out-range state,” the
15  defrosting mode is started after a predetermined time has elapsed from the start of the cooling
mode. On the other hand, in the “in-range state,” the main conditions are that the defrosting
timer counts up and frost formation detection is turned ON. That is, in the “in-range state,”
the defrosting mode is started after the predetermined time has elapsed from the start of the
cooling mode and it is determined that the amount of frost formed on the evaporator (33) is a
20  predetermined amount. The reasons why the different main conditions are set for the “out-
range state” and the “in-range state” are as follows. If the state in the cooling mode is the
“out-range state” even after the cooling mode is performed to some extent, it is assumed
based on such a state that the cooling capacity of the evaporator (33) is not fully used, and

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

25  state,” only the condition where the defrosting timer counts up is set as the main condition.
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[0076] 10Container Refrigeration System 20Refrigerant Circuit 25 21Main Circuit 22Hot Gas Bypass
Circuit 30Compressor 31Condenser 32Main Expansion Valve (Expansion Valve) 5 33Evaporator
81Compressor Control Section 82Valve Control Section (Refrigerant Amount Control Section)
On the other hand, in the “in-range state,” it is assumed that the cooling capacity of the
evaporator (33) is properly used, and that not so much frost is formed on the evaporator (33).
If only the condition where the defrosting timer counts up is set as the main condition, it is
highly likely that the defrosting mode is actually performed in the state in which not so much
5 frost is formed on the evaporator (33). Thus, in the “in-range state,” the actual frost
formation state of the evaporator (33) is detected to determine the frost amount. This
prevents the defrosting mode from being uselessly performed.
[0074] Next, an operation for frost formation detection as described above will be
described with reference to FIG. 11. In the operation for frost formation detection, if base
10  conditions and back-up conditions are satisfied, such a state is regarded as the state in which a
certain amount of frost is formed on the evaporator (33), and then the “frost formation
detection is turned ON.” Basically in the operation for frost formation detection, the cooling
capacity (hereinafter referred to as a “cooling capacity value KA”) of the evaporator (33)
which is actually used is calculated, and then the frost formation state of the evaporator (33) is
15 determined based on the cooling capacity value KA. As illustrated in FIG. 11, the basic
conditions are as follows: the cooling capacity value KA is lower than a value obtained by
multiplying an average cooling capacity value KA by a capacity reduction rate, and such a
state continues for a predetermined time (1 minute); or a pressure equivalent saturation
temperature LP(T) of refrigerant (low-pressure refrigerant) flowing into the compressor (30)
20 is lower than a value Tdef, and such a state continues for a predetermined time (1 minute).
The cooling capacity value KA and the value Tdef are calculated every predetermined time in
the cooling mode. The average cooling capacity value KA is an average of a plurality of
calculated cooling capacity values KA. The cooling capacity value KA and the value Tdef

are calculated respectively using the following first and second equations:

25 KA=Q/((RS+SS) /2 — LP(T)) x Coefficient of Flow Quantity  First Equation
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83Fan Control Section 10 CLAIMS 1.A container refrigeration system, comprising: a refrigerant circuit
(20) configured to perform a refrigeration cycle and including 5a main circuit (21) in which a
compressor (30), a condenser (31), an expansion valve (32), and an evaporator (33) are connected
together in this order, and a hot gas bypass circuit (22) in which compressed refrigerant of

the compressor (30){gguppiiediadhe evappraigr (33) by bypassing the cordengeE ghlignd the
expansion valve (32); 10a compressor control section (81) configured to, in a defrosting operation in

which the cOmRIEsesciSIIGBIant o SOMAIEASOT{R0) relinslo Ue samnIssaRr Rl frough he

hot gas bypass circuit and the evaporat ) and the evaporator (33) is defro control an

operating spega.gfihe comprassar GOLSHENINALA PIESRRAT the OPPIGSREE "sligemptatite
compressor (30) reaches a target value; an

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

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

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

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

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

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

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

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

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

than a predetermined value (0.2°C) per hour; and the inlet air temperature RS is higher than a
predetermined value (—20°C). The back-up conditions are for checking whether or not the

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

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

system configured to cool the inside of the container.

20
DESCRIPTION OF REFERENCE CHARACTERS
[0076]
10 Container Refrigeration System
20 Refrigerant Circuit
25 21 Main Circuit
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15a refrigerant amount control section (82) configured to, depending on a superheating degree SH of
the compressed refrigerant of the compressor (30) in the defrosting operation, perform a
refrigerant discharge operation in which part of the compressed refrigerant of the compressor (30)
flows into a high-pressure liquid pipe (25) of the refrigerant 20circuit (20) in which the condenser (31)
is provided,2and is sty Bephigicpmgsure liquid pipe (25), and a refrigerant supply
operation in which the refrigerant of the high-pressure liquid pipe (25) is supplied to the compressor
(30), Stherein, Gompeeedig mode in which refrigerant circulates through the main circuit 25(21) to
perform the refrigeration cycle and an inside of a container is cooled, the defrosting operation is, if a
temperaturginside ti@»rdeisener is in an out-range state, started after a predetermined time has
elapsed from a start of the cooling mode, and the defrosting operation is, if the temperature inside the
container is3R an in-iMageEstpdasisianata{Exampiedeialuaned time has elapsed from the start of the
cooling mode and a cooling capacity of the evaporator (33) is reduced to equal to or less than a
predeté&rmird3d valueEaporator

81 Compressor Control Section
82 Valve Control Section (Refrigerant Amount Control Section)
83 Fan Control Section

10
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2. The container refrigeration system of claim 1, further comprising: a supercooling heat exchanger
(44) provided in the high-pressure liquid pipe (25); and a supercooling branch pipe (26) through which
refrigerant branched from the high- 10 pressure liquid pipe (25) supercools liquid refrigerant of the
high-pressure liquid pipe (25) in the supercooling heat exchanger (44) and then flows into a low
pressure gas pipe (28) of the refrigerant circuit (20T bAaM®mMpression chamber of the compressor (30)
in an intermediate pressure state, wherein, in the refrigerant supply operation, the valve control
section (82) allows 15the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor

(30) through the sup@rconiiigebrafritfeitien(®@tem, c@nftisirgpntainer refrigeration system of claim 1 or
2, further comprising: a fan control section (83) configured to, in the refrigerant discharge operation by

the 20refrigerant amaugfrigendrlcheciiof2B2onfigeredaapeofulens esfiagei@irofyble enditeisein(B1).
4. The container refrigeration system of claim 1 or 2, wherein in the defrosting operation, when
an outlgt refrigerant temperatarenafrthareviap@iptan (3d)oleaciempaysditq30) higlwentieasea (31), an
predetermined value, the target value for the pressure of 25the compressed refrigerant of the
compressoexpansonhahge(B2), arigheveapiuetor (33) are connected together in this order, and
a hot gas bypass circuit (22) in which compressed refrigerant of the
compressor (30) is supplied to the evaporator (33) by bypassing the condenser (31) and the
expansion valve (32);

10 a compressor control section (81) configured to, in a defrosting operation in which
the compressed refrigerant of the compressor (30) returns to the compressor (30) through the
hot gas bypass circuit (22) and the evaporator (33) and the evaporator (33) is defrosted,
control an operating speed of the compressor (30) such that a pressure of the compressed
refrigerant of the compressor (30) reaches a target value; and

15 a refrigerant amount control section (82) configured to, depending on a
superheating degree SH of the compressed refrigerant of the compressor (30) in the defrosting
operation, perform

a refrigerant discharge operation in which part of the compressed
refrigerant of the compressor (30) flows into a high-pressure liquid pipe (25) of the refrigerant

20  circuit (20) in which the condenser (31) is provided, and is stored in the high-pressure liquid
pipe (25), and

a refrigerant supply operation in which the refrigerant of the high-pressure
liquid pipe (25) is supplied to the compressor (30),
wherein, in a cooling mode in which refrigerant circulates through the main circuit

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

operation is, if a temperature inside the container is in an out-range state, started after a
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predetermined time has elapsed from a start of the cooling mode, and the defrosting operation
is, if the temperature inside the container is in an in-range state, started after a predetermined
time has elapsed from the start of the cooling mode and a cooling capacity of the evaporator

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

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

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

a supercooling branch pipe (26) through which refrigerant branched from the high-
pressure liquid pipe (25) supercools liquid refrigerant of the high-pressure liquid pipe (25) in
the supercooling heat exchanger (44) and then flows into a low pressure gas pipe (28) of the
refrigerant circuit (20) or a compression chamber of the compressor (30) in an intermediate
pressure state,

wherein, in the refrigerant supply operation, the valve control section (82) allows
the refrigerant of the high-pressure liquid pipe (25) to flow into the compressor (30) through

the supercooling branch pipe (26).

3. The container refrigeration system of claim 1 or 2, further comprising:
a fan control section (83) configured to, in the refrigerant discharge operation by the

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

4. The container refrigeration system of claim 1 or 2, wherein
in the defrosting operation, when an outlet refrigerant temperature of the evaporator
(33) reaches equal to or higher than a predetermined value, the target value for the pressure of

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