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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.
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CITATION LIST
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[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
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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
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[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
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operation, ;e]cfri,tgterr;lgt cgéjrrll}}emture 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.



refrigerant tenperature ot the evaporator 03) reaches equal to or

[inb:et tittni the predetermned vent:), such a state read:de:3 as
ilie state i mwhich roost of frost on the evaporate( Oa) 3s nie[itd
and therefore the tareiet vtitne tot the pressure ol the contprened
refrigerant is Changed to a higher value. Thus, the evaporator (33)

is heated by higher- ligtenperature reft-igerant ;9019]iiiiipect: of
the u " eisghpdendedaf Qe BEme Ok kiR & inteh & I8! @hiaRr ¥ SkrmbOLy BRYof
One, of the first to :fifth aspects of the invention, in vtthicli, in

a i:ooling érf}qu@ olf eV GH ﬁrftﬁfagﬂegﬁro?-me b, &t 88ict Nh QUIRidhKode in which
; Dab; (21) to petformthe refrigeration cyfie and an inside of a

cont ai ner i 36e0Lediculfie 1d8h st LAY OREr @ty @NelfSShardiedrAbh fcl@and an
predetermned tine .5 has elapsed froma start of the footing node in

a slate in WAhCHr AcGhidet BrbMeg (Relwsangdpeh@INeE@iddN@el Neleal@ertdted time
container arid a set tenperature inside the container is ecitithi to

or greater fdstahs@ poedelLr it MedoMalgUBode i@Ndsthiben dafch asdiffgn@PRERichon
is started after a predeterm ned tinme has el apsed fromthe start of

t he cool i ngeepBeeuandside aRtcohiMieCARAL kd: YerBferdthie i@URAB Bdr@findr 38 kquas to or
reduced to equal to or less than a predetermned value in a ;data In
[0 which thead fifaer enseicRetveenatube at@nRedatiekis i dpsiden tineenadTes a
and the sti. tenperature Inside the container is Less than the

predet eri ti pre@@rmaletl @me hQO2LES frih enedidf @rieneelibehweeaend theoling peicay em
i nside the container dad thc set tenperature inside the container IS
| arge (an otit evadgerstptie)edamdno alliero bhRsCool b pegdamaenddsvaperif arsm@el in
to sonme rodent, it is assuned that the cooling capacity or the.
evapor ator €333) theSdiffersnce metwebnttetersedtine i@t thhatnt@nc end dicncarppatituet
frost ind fernier: Cal :he Cvapd atel Thus, in the ontstianige state,
t he def r ostinkde thepetabdr nedstisn tisd mtdeedniddd dé@. t he COndl1l: 1331 Wer e,

t he predel etlinDed rime has el apsed fromthe start of

t he foolingonde. If Oa difecotchertwhande iempthercaoidenge wmodewci sind the set
performer: to sone extent arid the difference between the tenperature
i nsi de t he ©OCrar3tede @ndotthecrsetargedmi pttirametsiofeg eymStten the codimg mode is
container is small tan in--nange stare), it 20 is assuned that the
cool i ng capeeciotiyedoo sbhe eetgapdratorm{d3dyt the cprlioperiayitiusielc cemdraton4i3) is
not so mach frost is fornmed on the evaporator (33). if the defrosting
oper at i bn isotstlarised avhibyt ssqgorin aphent COBoK 61 fOnG! aptike Carqrper (33).  Thus, in
pr(6kitilMled time has elapsed ifoin the sulir of th6 cooling

nLusi e, n.-the|qwgringe el yhe Helfostihe cgekiers ifugaoplerader e renddenughiry the
pC3 ' fOiltMd khe Stali6

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
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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
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refrigerant discharged to the condense: (31) is condensed into liquid
refrigerant. This allows a blip amount of refrigerant to he stored in
t he condenser (31) or the highpreSSIAL e liquid pipe (25), and
therefore 'onﬁﬁ%s%eﬁ%@%?ﬁgsch d b Joﬁéelhg@g@a'lmtc,ogaeﬁgéa%gﬁq&aegsf? éergrﬁ.

is snmoot hly perforne 0024] According to the fifth aspect o

i nvention, whenbhea 4Ld Bholebf tGLARE «J BMGLAIYIR Bhddbe (EMARARALE-
(33) reaches equal to or higher than the predeterm ned value in the

defrosting pRd&,. Lihgs LREYES), \éﬁd H{%reff&élii Be B essMEenLfind hei LRI BsSsed:

refrigerant i1 s changed to a higher value. Thus, after frost adhered

to the evapgrahiRh i{3RbihlySpiBiid, :host adhered to, and air path
wal | s arranged around the evaporator (33) can be nelted at once at a

10hi gh t §'Tp?70§31]ur Qecoingd th e8! drih bhRcdef HRSIHVBGioNDARel ItAE 6B R€rigerant
PuTher shortened. [0025; According to the sixth aspect of the

invention, idhpbR@rSdratevhfbrivbi R thBestighdl 1dTdNE@PBENBE Brelifi@mined value in
tenperature inside the container and the set tenperance instdc the

contai ner i gesB®dsting hb&, thetdr Qs tiingior me?fesg'use Stiarchegretiad efirideh®t is changed
condition where the cooling capacity of the evaporator (33) is

reduced to egudlhet Cal@) ITBGSaftdh@bsttine@rdaredeterbiane 3y alnded, iffdsadditd on
to the 15 condition where the predeterm ned tinme has el apsed fromthe

slut of theegoalfingdnmdeth wWilk Srrpieey entisd thbevagehioo s ng venaetel hodace at a
bei ng, started even in the stale in which no so nmuch frost is
actual | yof Onigh eghpentutrhe /evapattathotef{c$d)g mddausie cah hetrthdreharsetess
defrosting node can he prevented, the teillpe(ature inside the
cont ai ner cén2be motedipg op@e biythstspdot bii thethventiah shchesttate et whith the Hifference
11l sl trpl ot ern:sub: nut
between the temperature inside the container and the set temperature inside the container is
small, the defrosting mode is started under the condition where the cooling capacity of the
evaporator (33) is reduced to equal to or less than the predetermined value, in addition to the
15  condition where the predetermined time has elapsed from the start of the cooling mode.
This prevents the defrosting mode from being started even in the state in which no so much

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

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

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0026]) [FIG. 1] FIG. 1 is a piping diagram of a container refrigeration system of an
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



if . 31;,::,)" ;:ting,iC("-:"N, Tha iisticio (ittrisli:)(hMen: node

of the enbodi nent [FIG 4] FIG 4 is a. flowhart
illustrating a control operation by a conpressor control section of
t he enbodi nent . [FIG SI Fla. 5is a flowhart illustiMng

steps fur changing a target tenperature WIlls of a pressure
espdval ent stduratlon tenperatire I1P(T) of the enbodi nent.

[FIG 61 FI Q 4bds &%hm&&hart illustrating a delerm nati on operation
by a refrigerant anount determi nation section of the enbodi nment.

[FIG 7] FIG 7 i ?FI@. i PERY 40k @G AMhdA [IMSHiRE bNGnidb] lofdrht e efyatorhhiOWor
in arefrigerata release operation of a heating operation of the

enbodi ment . . .0l section of ik @mBddifle 8 is a pining diagramillustrating
a refrigerant flowin a reftigerant charge operation of the heating

opefation of the efhogh NBBL 5 is a flowchart illufitd@ng HbpsFtbEhalihSa Ardel RWHBATLe
illustrating termnati'on condilions for the deft:ml| og, 3110 e of

the embodi t AN of a pressure equivalent dEhufatiod RdpElafirei@P (r$ofand dnogRant
illustrating slatting conditions for a defrosting 5node isf a second

variation of the enbodiment. 6 is a flowchdtFlif@stralihd FU€erndidatibs o@eration by a
flowchart illustrating a frost I-Mitation detection operation of the

second vari afi Bt Houvhh@t@rbasin®aion of the embodiment.
[ 1111SClItItTiciNligliiritithivitiN20lit027;Au etiti::")th:3;::31:
i1 3E. ;ha 313aSet 6hd) omGabeds 336k ldGigtahailluspiingdeteiderani fldw 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. 9 is a flowchart illustrating termination conditions for the defrosting
mode of the embodiment.
[FIG. 10] FIG. 10 is a flowchart illustrating starting conditions for a defrosting
15 mode of a second variation of the embodiment.

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

of the second variation of the embodiment.

DESCRIPTION OF EMBODIMENTS

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

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



rcforetaceCkiil3113.3iiiiaiiNote that the Moeying eistiliectintem
and iiimettinis soli he set forth riterette for purposes itit

PR reff.;:41 e:. CECCUpkS to nature, and are not nick C to 31311133
rha SC3iiii333, and 3.:33a tif the Mdstration, t1102111co: datum
ratigeration system (10) or the present
etittif::thErrdiii:333figliaa3313 310 '10313.3 ail a333ida

G37Gii M i }sé}n g@ alé@s@he@%%%ﬁ%%sné%%rd@%pemn’é%%g\%’rﬁnerb
r3,3,-31.33a, 111 Ca3ii331. 3,3:1: frthal;:3:1333i 31 systenl(lo)

a[ 33313Senf Fo020ps A biudtdiQr lplml 'i‘gtlé 53,86, PRERLAGS! A0 H! irﬂ@lrudes a
body. [00291AS illustrated Mhe container refrigeration system (rO0)

includes a jefigdfd 98EANDOCH W&kt reki2Ohnt] ehELH peﬁahg@te@lygeraqbﬁ culat ese
to perfOma refrigeration cycle. The refrigerant.. circuit (20)

includes a ngdifer&it legbiit &%%%cl@e@@ﬁnaﬁa&rmqﬁﬁs aGof %h‘d bypa2iscu@Ngh)and a
nsupercooling circuit (23 [0030; The main circuit (21) is configured
such thats asgorpbessatui{39)., a condenser (3 ; ), nain expansion valve
(32), and an evaporator (33) are connected together in series through
refrigerant [pi3pes.ThE Qﬁ&klrcﬂih@l?@'b&fgﬁﬂﬁ@u&x?e&} a cHGhredes3@, ABdrdEnsénal), a
shown in the figure) configured to driVe 10a C301111)17eSS3031

rifl. 31, 13113i38b83103 ke (Of)aiddanalvaspeed3 Dfard benemddiongder ih&ries through
contratersor (3(;) is controlled at nultiple |levels by an inverter.
That is, thecfagapitggtstic (30) it configured snob
i11tt3111)31133St131112; 301, 110(113t heaCCOL. is variable..The
condenser OWa@nd [The cdmprédsé: B303Inclddks 3&Btor (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

10



nri aad- 11Aaa heat exchangers. The condenseris a.:siged outside the
3-3001abser. An putstrie-contamer(C01:1133:31131C3: 1110 t3n) is
0:03\113:03S1 nem tritit condenser :31).in the 1S condenser (3 t,
heat 3S 31-1X3:13:131312; ad between air outside the contai ner and
The evaporator (33)it;atranged inside the sand:anmen An in-con:tiner
Mt (evaporator fan t (3P) is provided near Me evaporator (33). In

t he evapor agu[(l} Jc ?& 101rg9p(23)’35 Aeﬁa?)hﬂﬂgﬁge %’4% y\ﬁqﬂox}%eﬁ ih e de dhg pipe (40a)

cont ai ner ar rigerant’ aln part (32) mprovided bei owthe

evaporator {33)..Aram R@K}' all§w§ Tef I\%éx’eﬂlrt ed ol B NeEeGRALRINSL bl DAPSow
opening al an tappet end thereor at 20and tpe bl ocks dropped From

tim evapor afQk;.83)in rdeW Cagﬁl(il)?er\'lgrﬁé FQL Wt Eb &M 1dingdinl an &Jme@r&recnon The
cithected intoilram pan (37). The mam expansion cal ,,,, (32) is

cunl 1 gut ed Pfustl 1850 4EQEIC BT 1L R Ak iiSpradihust Bbheud
it Dl i ByerE b%ﬂngga%?%}%osgzuim 11911: 4133153703 010), & P

ch: 31(13k V§K§§%§egvéggﬂ§§ﬂ@@gm§_pressure adj usting val ve (3X) are
pi ni vided[ 11i S3110: 1; 11. 3111-: a 134;11-p: , ettsne gas pipe (24)

bet ween t hejoponmessaicive3@)), apshiihHReLBGondensef (46 3k s@dnDopkdinkRLoWhA valve
pi pe (40a) of the m separator (40) is connected to the supercooling

Meraah (23) 49, fahd aGapirddoBkgyhdaabichangAdOR) aleSrPi@viigeds bidet Mt elhpekurd
pi pe (10a), The chec vailim(CV) allows refrigerant to flowin a

direction ingic€atedbwbaiveds HRWednkibddst (3a edd ithe kGl exphnsian@aRe QBN A
refrigerani front thawing in rgaposite direction. ['he pressure

adj usti ng vahweracB38)w b&h eobinhd@uh &t Suedy hiader (428 apenbneg Eegsfar: cooling
thereof is adiustable 5to tritatiple levels Ity a pul se notor.
i 0033) ALl ecebmed (424 t)ntacks COOlct Aigme b er in(42) ciraitdidt elfow(nlid)he fpusSeGOHad
Openi ng/ cl osing val ve (49) and a supercool i ng heat exchanger (14) are
provi ded i nist the Sodindenenitrr &2hiigtenfip@esd aneool the power element by refrigerant. The
second opening/closing valve (49) is an openable solenoid valve. The drier (43) is
configured to trap moisture in liquid refrigerant flowing out from the condenser (31).
[0034] The supercooling heat exchanger (44) is configured to cool liquid refrigerant
15 flowing out from the condenser (31). The supercooling heat exchanger (44) includes a
primary path (45) and a secondary path (46). That is, in the supercooling heat exchanger
(44), heat is exchanged between refrigerant flowing through the primary path (45) and
refrigerant flowing through the secondary path (46). The primary path (45) is connected to
the high-pressure liquid pipe (25) of the main circuit (21), and the secondary path (46) is
20 connected to a supercooling branch pipe (26) of the supercooling circuit (23). An inlet end
of the supercooling branch pipe (26) is connected to the high-pressure liquid pipe (25)
between the cooling member (42) and the second opening/closing valve (49).  An outlet end
of the supercooling branch pipe (26) is connected to a compression chamber (intermediate

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

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

11



f ;quid pipe (25) between the condenser (8 |I) and the main expansion
valve (32). Arefrigerant flea:, path is for:iv:ad in ilea cooling
nmenal acit (42)" and iain outer part of the cooling 1)1nerober (42)
contacts a power elenment of an inverter eireng (not shown :in the
figure). That is, the rooinig ininitiati (12) is eoniagured to cool
the power elenment by refrigerant. The second opentrigal chasirici

valve (49) 13i@lPSl hBR1E Q00N ¥BL V) RO LGS ?nﬁ%yolvs TAD IR iR

trap noi st ure CIUI rrgera ng out romthe condenser

(31). [0031%? sgw%g% o?gllehgoqxﬁpréaséocf@ 0e S dpdiihefRBLE JURE:(17) shd a

cool Iblifi er ant owen ut fron1 nser cl1

The super Cogl,l golj('\]xg%%p 89@5\?@ 48? é%)pﬁd%h%gﬁé olom?é Mamtdq e( %% 01@99

a secondary Sli i ng" heat exchahger

| refriger afhtl t sl W g %wnhHg R)a{hr(@ )Se‘ff?é]ﬁﬁf bé%eﬂi%yalohﬁg VRE m? Ys B*?-B{énable

(45) is connect to t pridassute nd pi p, of the main

circuit (2! lol%rf%[bdvaﬁxjge ?&Cﬁg%o\fmg@%ﬂﬁns(lcﬁ)maldeﬁ%)gpc&l@@ﬁ%@E&q 10 tl@ ) emng

super cool ing branch pipe (25) of the supercool’ing circuit

inlet end offhensupes %Qﬁxkthﬂlé 0 l?xhﬁ‘l'Bféhe@lsP@y £ 28k hl%t&oﬁﬂes%ﬁv@g a§ 9 fmﬁlre
hi gh-pressure Iiquid pipc (25) betaverin the iimlogt menber (42) and

the second %ﬁ&féﬁﬂie@ﬁaﬁéhrbgm%uﬂ;d\{@ relith@hie pré¥Sur€ bi) kirfgbran€nd of the
si mercuotiimbranch pipe (2 is connected to ;a conpression chanber

(i ntermedi af@360r T8 85:Si0MycRamRer)DfindihRs ¢ AMRIL880Ma180)) d4nd thb@ranch
md:lie of Eongre33|on%%lly$£flCdléE?IESb issﬁ?f sté?e% )Tn%t |sranc

the supercoghiN@i bjzﬂ(tﬁ@ﬁﬁt Pench26h (58 add PRtsheohd biWiHGhHA@LY) bra@biedBioth the
refrigerant of the high-pressure liquid pipe (25) is branched and

flows inbo the dantenmedhatie EOMEESSH oL Chamaeincokd thee G@IPIees&afs pipe
(30). tik first opening/closing valve (47) and a supercooling

expansi on valayee(vi8) tad eh@iovideCVnatdenct pietshent@tdinhg nglvbr @agh pi fed
(26) on an inlet side of the sitcondary path ($6). The first

openi ng/ cl ospdaghgkealsig vaké)(51)Sis afbvape nalcemaid wol @npi dhvalivdeopeling/closing
super cool i ng expansi on valve ($8) is configured such that the opening
degr ee t her edfe (53) iadp aishadd ®ldnoidulve.i pl e | evel s be a pul se noi G E

and serves RS a pressure nitrihriirer: itieChiMSit configured to
reduce the proesisurCee ofid sfefia fngetrrant pht0QI5 ;isTtvendrot] tgas olgigt ertdag sheenait path
(22) Includes a sitlghS main path (50) and two branch paths (5(the
first briancikopanh thesler anidftirdirsdcandpbh &i¢h cpatchted 529 pwhnanehéduif pom
t he

(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).

12



tthain path (59). An trite: end of the itrampath (50) is connected
to the high-pressure gas pipe (2d) between the check virthie rfiNr
and the pressure adjusting valve ($8). A third

3) is proViihtd in thepad; r.titri.11w third opening/closing vaive
(5a) is an ("Tanable sol enoi d val ve. [00361tiheii end of the firs:
branch path (Si) is connected to an out ;et end of the main path 1S

(50), and t %sﬂt he mo%@(!gl%&ste?ce (31261 8 mlf% m@gﬁ@ {ﬁﬁgeam( 2 g?gﬁ@b&%égﬁg )

to a :ow pr i qui d pi pe € hanexpan

(32) and t hﬁ’iéggl)‘:ép uﬂaasgx?sor g%?)acr g?l O&&ﬁﬁr@‘ \Lvi)f(i rlﬂ fletl 't&m&?atéx% ggﬁgr (62)

branch path I'S conn e out of the num

(50), and t glfg 893&121@& nftHQh%ﬁl-Plte&ﬁresg%% gxgg (ﬁq_ Q h&ﬂ%)nas!mr’czgenéo? (W%‘hh%ﬁ

to the | ow pressure i tecond branch path

is arot: ”etoadaegf e le?srﬁgae(;f htl%\r CJSIE}@ gﬁyx%%r éfa%&h%&hfr&ﬁ lip)e- coln{})ressor (30).

20: Et:3it:0u, the t fetrenii anch includes a drain pan

heater (54)ras S\ﬁlﬁg@glpérgtuf% sch®r ?ﬁ%%&nh & Lol RfPetk ttélﬁ}%raﬂ??gﬁ h@h Q%S@e

benont part of drai n par: rat it pan heals

eon: Lau: cid quefﬁgérﬁna@cﬂa&%a ﬂemqﬁe Jom;re@sroatsro) paomlo)v ﬂ?éésdr@&énkcg%aﬁ}ﬁhcﬁ&l infdt
t he t0|er|on|t|, t he hot gas ban:: circuit (22) is a bypath circuit

COD 6gui - C({emrp&aékmh%r f]ea aﬂewv?daa ICOMRY gss&d ghglplgéﬁ@spsew&eﬁ&ﬁ@évaf)&@&n
(higtaiiienpermaire h niessu re gas rettiget ant dtscharged Irotn

the 2Zeconpregssard (h%(&) Fe@sotf he) eVAROGLAt BEsstdtstnsor Q) 357l0\t{ﬁ$ﬁr@&|$o 8eB&OohS
etc. are provided in tﬁe refrigerant circuit (20). Specifically, a

hi gh pressup@sss@NSOlow §09sure g Ghi Pl SbWRe Sot €8 doBiblesscando@n 104t et
t oi npetacti na sensor (62) ate provided in the high-pies:sure gas pipe

(2dt Theo hi ghptraturd €8S tsheis Se@Bkd (5@)eci Be cONtGW @ovi-presiRicant rdii@rant
pressure of hlgh pressute gas refrigerant discharged fromthe

conpressor (18(@g inld@e ot dr@kort(®nper ature sensor (62) 38 3:01113¢gl Ated
10 detect the tenperature of hia-E th-pressure gas pairtgeraut
di schar ged fooewn t he icanphessct kenfd30)5)A Jromidannss uiercosi@nsoamch 63} (Zndn
an incibe tipetature sensor (ad) are provided ma Low printsurc as
;tithe (28)abetaneiénoct thesevialandradt @), a38)n anldt tinecr{t303::33p388B88:381 in
(30), The |l ow pressure sensor 103) is cothigthed 10 detect the
pressure of theotigspressurehgas ©6f vi gepaht sifit oMbagedontay phie (¢Qnpies st
(30). 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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1:Oteinaeraluris sensor (6d) is cetridgnmed to detect the tenperature
of iowspresstu-si gas relit gthont tiowng into the conpressor (30)

[ 0051: 1131113:1 33)3331:333Tal we: 83:33)333); (55) 333 A C3Vided it
the sutterciathrig branch pipe (20) on :in inlet side or the
secondary path (45), and an outlet unmei atute sensor 38 provi ded at
Pi e. supercooling branch pipe (20) on an outlet side of the

>305. 3311 és@ é‘% %‘)“’3 6“@@?&% S Piaps o el o TERR b 6 o detec
f 2: .

bai o 1 ot . [P EmBARETEar 48 r@ﬁﬁsf e éﬁt%légfe(?%%a"&%d°§’g§§§mpsret@t§ rgfigpeniie i

33) 0333f i gagaur det 8333 Copjalr e, I’l vg;p eratt hoa (%pl OXB ufle égles%égg) is

telt-nu:rant OWS OU secondary pa

| ehOp33) 333) 83 3333 mwded e S333;
380?%33%% 3- )f’“’ de§ ﬁfé) ‘“?ég g’i pevapm § ‘P%éee \éﬁx?g”c‘)‘?a 3%‘5 i

inlet | erg nP%y?ﬁe%ﬁﬁ%g@grzggﬂgtlslqovgd %gﬂ%{gée?n{ltl] % F)%% tﬁe ?\gg!)rgt%({‘ %%35 f1P51de the

tenperature e he re

into the i ntc@l‘&f?hé’}‘t OThCBI% et téﬁ{bex%ﬂfré ?ensor g{}'{ﬁgﬁ% e{i'e%é%( tht% %‘?Xpéreﬁure of falr

pun:iciest in e | ow pressthe pas ci pl nt ott sea:

me est:trut g%% é[hé |c+r)taurlepq Hy%éf?rg éflges'ﬁﬁ 33 co;)‘lta'?ht e]é;%;e:é tﬁgé hsﬁg%vapomtor

(0)5) is 81 ired t tet hpera errlge reg
afterreiri g?ﬁf}t hl"ﬁemﬁg&fté‘ﬁpqé%a%re sén@gr (?V)E}péJﬁﬁEﬁrea to detect the temperature of air inside

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

10 [0041] A controller (80) which is a control section configured to control the refrigerant
circuit (20) is provided in the container refrigeration system (10). The controller (80)
includes a compressor control section (81) configured to control the operating speed of the
compressor (30), a valve control section (82) configured to control the valves (32, 38, 47, 48,
49, 53), a fan control section (83) configured to control the fans (35, 36), and a refrigerant

15 amount determination section (84) configured to determine a refrigerant amount in a
defrosting mode which will be described later. Note that the valve control section (82)
serves as a refrigerant amount control section of the present invention.

{0042] Modes
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

14



01) mast& the stOntail W. The outdoor air tenperante senaor (69) is
configured to detect the tenperature of air outside the container
(Les an ontdoidr air tenperature) right before the air outside the
Ronai ne; :Tows into ;he condener (31). An Xtt it pera.tc SC 33C.r (0)
is 3:::::Vitbhitd 013 theside of the evaporator (3$%) inside) the
container, and an outlet tenperature sensor (7i) is provided on the
mal e: side e I . file
'l ot ¢ emperstty o eagiihihfe s pittied Rt R MEERRR R Rl e
tenperatureg It i t iy iknsid

t he cont ai ne?fnﬁ)agé 4%15{)%316 ﬁg(ﬁwgq%%g (g‘r%éﬁ {nlng ? ﬁg&fﬂ%f ﬁlén egg?'ﬁgst ug), & e

tenperature ﬁcﬁﬂ% oal lz:l‘gsulln&i ﬁﬁpleh 1'115}93 Eﬁ’le q%o%&#slﬁ . | enperature of

air inside t ont al ner e ar e the contai ner

passes thro hQIgM q&&%pr (33), [0041}A centre:ler (RO) WtiCh is
a control sggﬂlon con?ggured to contioi the refrigetant entail; (20)

is provided int h?n ﬁfgr&gﬂln@%odeqlﬁstrgt@@ﬁd FI'GOQ ﬁ\’iyﬂs?%&qhg cios1 Qalve (47) and

coritodlier (it0O) inciu cernnessor connot section

ct-fdconmt ttﬂ%%e@c‘?ﬁﬁ%eﬂh@cl%?@gegal@ (45#' &reGAMA ro‘§§r§ 9(5te ( ﬁ’g) the_: %11366%}éﬁm§/closmg

control section (82) contigored to control ;he va ;

48, a fan cealdtssok isetibh @ta{e%)rhe&q@sfsmglaajﬁgmgsaw@@%yfalmahﬁy O§Q§sta(t§5and
do), and a refrigerant :1 arnour herrini nai.ion seetion

eentigated 0gqi-&46i %ﬁhl‘ﬂg%f@hé’ ﬁfp%@(ﬁinkbkpa%m%lvé (uss aﬂ&tﬁefmhle;a nsion
nmode tRitich VVF be scri bed | ater te that the valve coniro

section (82)alsenyese ulissi@ 4 %Eaegggr amt . AMUNLe R4 (SBEROPuQfie-tNSiner
pltSetlt it:Ventititt 031/41).1

1310: : @ :10: 3faﬂhf(35)heﬁld(3m¥1-@brﬂﬁﬁerrfﬁﬂc(BB)ga@eDirrliog&at%YlSt em 00) will be
described. The 20re(efes of the Ronianmer retingeredi on system fai
inio two broadicaregRtiaeSomdresy@ut ihBdofiede (RDA! idiGsns@P@is@pit@eat) andle
the edeffosting node Mentisting operalionrhe cooling node is the
tootle: in Wided3tiheard: theBbdises trddght ihe ré&dentaifih.et Afercoedigd tiBoiighathe
reiatieel ssiost, zieriineranire.hat: is, the cooling

nodei sl t semectioammwnepdir e Sirieaaofldsahrough the low-pressure liquid pipe (27), and the
C331::3133:ttteit3::::tattiGrtoitttn

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 {lows 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

15



store transport oniects te.g., fresh Mod) held in the contai ner body.
The defrosting !node is 73the node fis which fr03t adheted

to, es,asurfaceof a t:e3t tta3lSlet Env: out:), ovaporator nelred.
The defrosting node is pertiemed every tinme a predetterrnined set
time has elapsed from e.g., a start of the cooling node (every tine
a defrosting :Hner founts up) and the cooltna node is resuned after

tenumai t on th%tr% r;rlg Orargcle({f QS te!:on (ﬁéogégap ragé\%ih r ’l‘ tr%ﬁ’igeratl\{qﬂ)%vmg out from

I'n the cooling I"Us irs

are'inan ofst: %Z%a&% %e“’%tlh??aés N e Pel ST e B B e

are in an open &t g val ve

a closed st ?nrt G QﬂQt% g%g %isesstateI tlcu%u@ﬁ J.'uqﬁtléfnnegla%q%o A (hgg(}m &s&xQ%(ﬁ 071:

ftily-iipen st ate tetes ori'l rircie

superco: ) ii it XRANS! Q08" RldY Enl é;?e)rr]atglg 5{;& %ﬂ%%ﬁé bikq € w\@ﬁh@%}ﬁg}e\;&

(.32) are a ted as ne essary. npressor

the outs '5 de éﬁ)? {1{'@5 2 i’%f’-@e}&r I&ng)ge)ssor and:of B:ibd {S@f“ 'Si)éc'ifjicgili’}e he (ﬂﬁra(lﬁé lpeed

are in oper erant cor npressed in Inc COfT'p .1 Xsorls

CC:men:t es‘bf f{'lg 'cﬁﬁﬁrps‘% %§0)h§&y§x)rol')le'a s&éhethﬁ IR béﬁe@hxt Qﬁlﬁeég‘re)ss @B&La&ﬂ@@@ target

passes throug € receive: After passing disough the receiver
(41), par: %ﬁggﬁlré &b | gerAnfonf OWE Jobl'il%uglladé hee LOWSRNESSUSEr hk ObtiGe-

pi pe (27). the remaining part 0.C he refrigerant Rows into the

si ner st 0ol | RORLiRE 2B)) 13-%1%0@[@@%? erefar;l-é&{trot heridrefs) ggﬂ @fcalfy), @W Rehtional
through the low pressure liquid pipe (27) is reduced by the main

expansi on v @%e%@ of 32)otor ¥ thet NRNISBEhinel B (3 YL adtkrofiddossn thbr OYghsutEP of
evaporator (3%).the evaporator cei-t, the refrigerant is evaporated

by absorbi ngihgadssif:é @mi@kdnt Ustdidenyt h‘x@ HG@NGr8ds e IsensbiN(68Y &l 18ai A POA DX €.
the airthe container- is cooled.ftc Seleigetatit evaporated in the
Further, the fan control section (83) controls the rotational speed of the in-container fan (36)
at multiple levels depending on a cooling load inside the container.
[0047] In the cooling mode, a so-called “superheating degree control” in association with
the degree of opening of the main expansion valve (32) is performed by the valve control
15  section (82). Specifically, the degree of opening of the main expansion valve (32) is
controlled such that the superheating degree of low-pressure refrigerant flowing into the
compressor (30) approaches a predetermined set value. In addition, in the cooling mode, the
superheating degree control in association with the degree of opening of the supercooling
expansion valve (48) is also performed by the valve control section (82). Specifically, the
20  degree of opening of the supercooling expansion valve (48) is controlled such that the
superheating degree of intermediate-pressure refrigerant flowing out from the secondary path
(46) of the supercooling heat exchanger (44) approaches a predetermined set value.
[0048] <Defrosting Mode>

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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evaporator (51)flows intoisinpresiats 30) and is resisidintore3itsid
therein. 201004 ti;presS ure rif She refrigerant Rowing itito the
supercool i ng branch pipe (26) re:hilted | e an edeeit: OC Ede iiieSSUSe
by passing, ilusiugh the sur-iesco(eling exordia:ion valve (48), and
then suchteli r2erant tc,vn, itieieditti the secondary path tthei of
the :air:et-cool incr., heist exchanger (44.).1n the cut ereooting

heat exchan .. he i 1L . ) J e dr i i
Fou oot i Bl SRl ENMER RSP L B b

25secondar yda?ots&egg é@kyagfg\a?oéggﬁ q% herfohn LRES & 88 T@Nked@brdilgl bt hhd &%%%ﬁ

path ($3) us supercoo ( e refrigerant of the secondats;
(46) is eva Bmﬂees@motm cgaur%lg@gg%q tiﬁltz NeoQht ﬁ&lrep&hﬁtbgp)set hondary

iy
path (46) flows Into e co I on chanber of 'the conpressor (30)

in. an inte t . - | ' i egiial tish- (03
i he conpresgg%9€33§?d?§%§%€%ﬂ§;?Egm%gg%ggg?%ﬁg??és&?%e 5pe#§??ﬁ%e e

speed (oger at.hNgksfd £QUEAGYInt Ofm LG CQMRI 885REsof BAL) skpli8IRI 6l L@sbbior
by the conpressor control section (Si). Specifically, the operating

speed of | n@33ggﬂg§p%§s§@rthe(c%9&enis§ ($9Nhd _kdied (ayakh: stug% oollihé"héaﬂct,)lcﬁatng@{i @4),

t enper at ur e. pproaches a | argét telMeratin' O n addition, in

the cool i ng modematRe hQbal£anad) speed of the cart:sidecontainer fan
(35) is conlrolled by the fan control section (83). Specifically, the

rotational speed of madomistir mode, thhecomt gcdRs eant adinewsfiam WS} lokdd state,
controll ed such that a piecsure HP of ;Ohiplpritessore ettfrigeram

det ect ed by atdv@e hii@hp@i@Rante BeesDY is(if (kophssta@i NthainedxgaRBhablve (32)
the flan control section (33) controls, the rot:Piot:a; Speed of the

! n- _Cont apners ﬂcnaan_ﬁ(ll@@)osa:t stﬁf_b‘|(Eér@|pelsé).eV"_B}heSﬁ1dep@ﬂﬁﬂgl&g)si(ﬁgl valve 0ol)j ng groade
inside the container loormn the cooking Iriorie, a so-called 's
perdenett cedtdtial vallvé(38), ¥nd Gdan L oMid dxpanstoReadegrigerepfs openiangloin the
the n-:3th eepansion valve (32) is perforned by the valve control
15secti on ( 82)y.clSpeeciafci @abl pnjset hevidegheeoabreopermongs af opd@ionmaicnoutside-
eXpanSi on valve ($2) is

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 (rom 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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controlled :etch that the superheating degree of | ow pressure
refrigerant flowing Into the conpressor (30) approaches a
predeterm ned ser Yal oe.h: the Cooling node, the sitherhealing
degree. conlrolassoc::::thon with the (legito of npaning of the
Si.:pe' CCOOing eXpal 3S. Thri valve (48) is also petthoned by the

val ve condo! section (82). Specifically, the 20degrritt of otinang of

| mper hoat | ngaegpifs PEAER Pl ) AR b de ey Sl pive
{rom I be st gfqnolafgat B, (4803 K0P SURSTGSLkng gal s as g&hua %gslted

Cat aopr oacl eterno ti'e set va

Vhen i he for&glsrdraagga bkl bl LD LBk gRONHAL el (ts@tbﬁo%w@&aped from the

:sit. is adhered ce o

(' fevapi mol rand,dr& g;;%débﬁbétéfd ﬂ{%ﬂﬁééﬁaﬁgya}x 7! arhe Tefggéljr]eglgggeglbltfét)ﬂ;c%?ostmg of

rins, in the contai’ refrigeration syntem (

mode ffi 5 defrOshtAg (iﬁ%o@é’&ﬁﬂh@&cﬁ{présé&)(zd)%n@i@E&rgﬁrE@éh tﬁéé%y time. the
predeterm ned tine has el apsed fromt cart of COCdli: g niece

(Cverydine thgsdefis ost foRQotik r@fros@ﬁé‘ r?ﬁo?let ihp)follo“gl%g(;tﬁtt}ﬁ npd %elff&'Hl%H nat gd

in FIG 3 is the incele in which ingh- enperature 5 hi gh-pressureas

refrigerant .conpiessedkii b shesgonpressor (30) is supplied to the
evaporator (33) by bypassing the condenser (31), the receiver (41),

the supercoalisng heatiuexedangenc.(44)se apdait e]%&i RXRAD St Qfle@) MR th
(32), [0050??nm?he deProstlng node, f%e3§25%n )ggningFelﬁgft?% ©

val ve (49) ismprBssbN@0¢ RaseeoBid@be the compresddithohig §e&ld'ndﬁ8q)pers RGEDS] Mg
valve (54) is in the open stale. The main expansion valve (32.) 10is

in a fuliby- cbasedosdat@ s€¢goe (Putsedls tTh@efatifSpeQPEMNGHGIOSE Q) Vdh Vgt
(47); the pressure

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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ad: msting valve (3:St), and the supercooling CY:pat: SR 31 Valve as a
general rule, the RAIIY-CIOSed slate (zero pulse). Wile the
conpressor (.30) is in operation, the outtudist container Iltri4,3))
and the inctontainsiti nan (345) are stopped as a genera; rine.

Refri gerant conpressed in the conpressor 130) 3s StTPlied to Inc
tWaPral | CSF LH) Li) through the hot gas bypass circuit (22).
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C 34). 'The ed wat er schar to outside the

through a WG LK.l €5 M E)%\d]%rusg%/ S%§H63)) OQ'QI?JRQdI{l@ﬂsto'f %WHetWiﬂgan&t still

irOT:. the dtatn pan tonms me mn:ger:ti | owm nt?

Fromthe frid;rangh athy, 3%fsiaeed)N gnd,el EJh?ﬂ?essorh(BMpq:yrther 1n<9;as€ci]']b913the

? 33),in the evapor at or hi gh- pressure gas refrigerant
(so-called kédlet@hﬁm&lazﬁnc)un@ﬂﬁea@'lﬁrtﬂe' féregglﬁ%) Ug\h)té f&:, 2pNeRtestd %91@5&131%nt afe

t he evaporator 34). Thns, frost adhered to the periphéery of the heat

transfer pipg;Qfichhegvaperatioke(38h-c dnadudldybeated f raoml‘@l'ﬂe heating
inside of the heat transfer pipe by the refrigerant, As a result, :he

frost adher ednjcputirber @MapRbALEkhe(Bllanitsr Gpadudl dypieelat 8de 30dais héuimg
fromthe heat transfer pin- Then, the frost (lce biochsli dropped
from t heheat cdhianst ef a piped iseeokdisctiedyiat o tibe 408 @kl s PAY the( dondfdssor
The refrigerant used fen dethostina or 5the evaporator (33,1 flows
into the conpitessatiof 30) dadehsdsshd barhpomteds tned @l ot thd 005yrS&tod B30T BE the
f oregoi ng defrosting node, the follownig controls are perforned
by-t he cont peldeseghddonso(8l.AN. 82 SpasficaBd) whhi0054 LASssulel WSt vaadn@dsatRation
FIG 4; the operating speed (operating :frequency) of the conpressor
(30) is contangletde byp(T)hie hedaphes Sertagentihpdrats@cR(@N {y84d predSneiigdd value
fl eshy, the

(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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di fference evporaboem3hiaghtteh mdsd et RSSYr @8 ihRodiBerGhOMR) 36 QF pét?fQQails
Thus, danage of the conpressor (30) due to traii small difference
bet ween1hi ghoamtwhaw iy 8idYl @sndeataiod R @v'aﬁ@{rﬁﬂr: ad) isdnclRdVAREE at a high
The high pressure HP is the pressure of high-pressure telingerani
del -fa: Led byptherehi ghatps,esisur @cis6nsoriofe0koand &he Homapriesstihe by is

is the pressune nt |ow pressure refrigerant. :3 detected by the |ow
pressure setspred(®3t the cvdhobfre (BOBkdpiddNBeabhic hB& oMt b hietehpdriBi £QNon
are still satisfied, the operating speed N of the conpressor 00) is

li titer inteeasedenthyoddehdpvedeiter(BinedeaauuntshdNbasdiontitbe
foregoing. Note Mai; in the present enbodi nent, the target

t enper at ur e[0pb@n; Thesregmrraticanfdunt ddbrmiFlagorarer@hliBer@leah@e0fxcEs o QT S idcy
sui tabl e heating tenper:Mre at which foal on the ht:ai thanSfer pipe
8 1 X115 (. dfeOetigtW a@oe@tin a repgarint heatdting cyclofltfic @ondingzinonis. Qbe@nding
second at Ha 4 are SadSfied., ;he conpressor et-mssal section (iXl)
degr eases tdethe gracesntr dopemat phipe sgeedaNombhre, tonpresson] ©@)onl (&t)hentrols
pt edet er mi ned anmount AN. Specifically, when the nmessai st

egni vei est i the lisapmateiconing erper(abuthe PHRUT) adistihg gher (38hand tiheupatgéhg
letripetature linteris by a predeehisrahled value such a slate is
regar ded as@xeessalyt (Bhandée faicshitny seapad3i toptiplk Hestistgcoapacifty@s).
and the | Soper a: speed of the cdpspressor (30) th dpefeas.:ed. ibis
reduces he [§8¥Hos peﬁ@c@gpgﬁ;il@gyated 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),

20
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outdoor temperature AMBS, the pressure in the condenser (31) is higher than the pressure of

Thus, the
snag

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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than a predeternlne ere

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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normal oper akieonic. 6R6HLARNE GReNUITthdi k(- ae)éhn b@’ﬂ@@oﬂg@xemcreased the

refrigerant amount determination section (84) deternainec based o
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[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
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5["ha; is. if.the prUssua: qsaval ent sun:tan:an t(riTip;:talUe flPi
1) or hizéh arbltn&rggle A@vapmator 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) 1s 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

24



reaches eqUal toot higher than a predeterm ned vaine, and the

supet heating degree 81-1 (DONS is HPCl)) of discharged refrigerant
reaches equal to or |lower than a pradoeficUned vahm,, such :5:

> .F.attf.: isiegarded as the state in sstlich the mllet tenperathre
nat the conpressor (.30) is proper, and therefore the othiress tenons
to the normat operation. 2010052As des: A: bed abovo, ut the deti OSUQg
nmode, the a%%&po?zttorro%ﬁ& r&ﬁ%?ﬁﬁt p%ragﬁé E6§ &’ﬁl\é"%ﬁ& alrhﬁn&?ﬁﬁ%qﬁsﬁg s«?jtl to

(30) and the naci)uratoF s I'ncycasecil cl acraase

scper haul n. 62;; GBS @angefHork ZQ)L(L‘ 36 har oM b @"C T(h ?5 r1!Bgletﬁ§slérof (t%g Birst

| caLhcs 11:a raadaturinined value. (w;;;;:r; range)

a::: whent b@ldﬁ@)ﬂg E'l@{allauﬁe qgf%sﬁﬁg §1&1§1$ktwvml§an§il if (ﬂTe ev\iﬁd?at&e&t@t efrigerant
circul ating between he conpressor C30) and the eavaporator (33 5 (]Sg

ruhossec; t @bn{p@ﬁtulﬂé gbsnessed éq%all 1o04H 1o 1fk @l@m(ﬂ)&i anOhet 1|ﬂ§:t er h%paﬁ&q 'RS
when the superheating degree SH hi g% refrigerant of

i ttigh-phei Fdasildk 8qual QU BigRiREN(12:3) 113 GhEI:A8HmLR lmhﬁﬁa@@umr thRE o
defiettriney of refrigerant circul ati ng between the corapressor |1 3Cg
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defrosti ng node whi be described with referenee (0 lilalitpresenr
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el apsed time froma start of the defrosting node an operation tine of
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satisfied, Specifically; ihe defrosling node is term natedin the
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operation tine of the
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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[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 3D is
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bei ng th theoidi St $teat € d Qi the (EONRLE : bhoe
liquid corn?pre%s:gn in ?hetc%nprggsorh(%%?§Fd§ ?ﬁgmgeﬁgg%ﬁﬁﬁggﬁﬁﬁgﬁ
the supersheafrifGedslver @y GcliBie@Mroukn HRIGETBMRE: Uhe BLOR: A -
p:pe (2.5) :3 chgig;ﬁgxzo thgirém%p jfbs ghgngé%@gfeﬁggQ%@ﬁﬁﬁaHB%omug
refrigerant €ikeukadricngibet ween the cot pieseor (30) and : he
evaporator ($3) (the re:lige:ant charge operation), thereby

i ncreasi ng thgiti neub@dk BOEhefdEhger ant anount to decrease the
superheriting dCp; 1 CC. This prevents an ithriormd increase in outlet

tenperature of thergampriesser 030), thereby protecting the conpressor
(30). 151008.1lin the threwit:3g; enbodi nent, the condition where the

pressure equi val eni tisatdedhvaiidtioh aMpGeatidrad@stink MR T )39 s &Hngﬁht?rt Sdt &
refrigerant is higher than the outdoor tenperature Alvitlist s a(j;

;5,0 d tlo t heedGOnichdl inQlBS(efeqrtht henikbor higey) antihd 6dfFds@SLmode of the foregoing
ripenati On.fhb': 20 (at:veins a back-flow of refrigerant. fromthe
hi gh- pr essurebtdiGatiu Ipispeh 2 253, ivhilaviie clfibdieg eRBd@NSLIorf&il har$ of discharged
plo\,:ded, let the hot gas bypass C3):Ci31 (22), 'Thus, g can be
ensur ed hur teftipeant tstsicgsgien drtredediec@sg aitd ppLAONS its rpenvkopmedicuiand that
the hquiti reinpresslott tri the con'ipressor (3;y: is prevenled,
10069; | n t héwerebliiggerant (42¢] edse ioperbathord thhehe ihati deonot aetedf ans a
($51 is mated. 25Thus, it is enciittraged that pact of conpressed
ref ri ger ant reself, gdisbidi iyt b thelventgiondeigentiu3jtern §10) is further improved.
15  [0072] <Second Variation>
In the present variation, the starting conditions for the defrosting mode of the
foregoing embodiment are changed. That is, in the foregoing embodiment, the defrosting
mode is started every time the defrosting timer counts up. However, in the present variation,
the defrosting mode is started under conditions such as a frost formation state in addition to
20  the foregoing condition. Note that the starting conditions (a precondition and main
condition(s)) for the defrosting mode as described below are determined by the controller
(80).
[0073]  As illustrated in FIG. 10, in the present variation, it is the precondition for the start

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

25  lower than a predetermined value (20°C). If frost is continuously formed on the evaporator
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condensed into liquid reffigerint. ThiS all OA8 aanpbont of refrigerant
to he stored in the condenser (31) or the receiver (41), and
therefore it can be ensured that the refrigerant rel ease operation is
snoothly performed. [00' 701lin the refrigerant rel ease operation and
the roffigeraM charge operation, refrigerant of the receiver (41)
circulates tirrough the cooling nenber (42). Thin contributes to

coci by of (¥, deMigemhies le6d liCHi th be ERQArlicd Vah HRRE N B @l mghﬁa%frigeram
<First Variation-7- In the present variation, the preSeriaie

ad: I'l : Sl'i ng ianalewer¢ 38 it secanst ant ty pRemedrialonamt idRELAe! 8rapbARYd outlet
angle (e.g , the inininiuminigle: in the defrosting node of the
foregoi ng emtsoghirame ntriphrature BOBR réracas e thaitit 8 Wiher ©ef & askibngn MRde. S0,
nets: honed, par: of discharged ref:ragman: is slined in the Veen: Yea
(41), and réidiogémant bahg fdigied € @iev@bpdA&) (36). r cth@bcondltdhQyaRiskBE it is
cooling nmenber (42). 7thmts it ean be ensured that the nivesitsr
cireddi Ps cooletd Wstiar besatlthe maghabditibd®y) iOfretshi@fis@NtiBiHAGHain condition(s)
refrigeration system (10) is furtlser inproved [00721<Second

Vat i al t or t his/are satisfied| thetch@ingpneisentiogat t 4nakdn, thd haroSt@l hdddJs started. The
conditions the the dents:gig node of the foregiaing sinbodinment are
changed. Thaiain dop@tion in diffvenf éperaigye; anivgheelenbedt anet cdolihemdenisaSediti:gige
node is started every tinme the defrosting timer counts up. However,
in the presént” vagn at-icop stithe  def Fostdnpgstawdedicsesthartedn tvhidardifference
12011C.il1iOnS such as a trout formation slate in aUdalein to 20t he

t Or ef . : 10Pabetenii sbinpdr@ae Noide, the dvatainehendiasarr tthpegatae ndide itenSntager is equal
precondition and main condition( s)) the the defrosting node as
descri béd b® Bwrete thdnemaatnedniby! fgecodlils hsie dfthe fgodiner 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.

28



[(073;As illustrared in FIG 10.iu the present variation, :t is the
pier:or:did:on for the siert of the defrosting node Mat the
evapornor othier ref:nmeno: tenperature f7057. is equal to or 25l ower
i han a predeterm ned value ;20d). If frost is continuously forned On
the evaporator Pit), refrigerant is less likely to be evaporated,
and therefore the outlet selitigelabal tenpera:the ECS is deenased,
in the present theartieahb@n in e dR6ELASE " iiNisEMARRA aLLT i i

dsi ngernn: Sdt, Tee' ttelfm?t 3S: rega% ded a:: Pic st g{mg ﬂi]eﬁw\c/)!ltg%caephﬁmﬁ %g{e

i's farnmed onvgetat Il @b@ely (38) ardlihd: hedb fush BEl IR ddBAnON b G or (33).
evaporator ($3). if the preCOnddiOD is satisfied, d 'zt Sdeterm neg

whet her o; notnly He comditorcoing th @BS)ind tiRed dotihts SAtd Sf isede hin &nﬁtig&iipis
condi tion(s) s"lnatiodt the cooling inodc is stopped, :nmd then
t he def r ost ihigly; I§padentits dstratitethodThect@iyperendil td @A sths 10k 818N much
t hi peudi ng on whether a state in the cooling node is an "euittriinge
state" ob arfrotti in-foamgeors kiat @apordibe (33put FHUANGEhS tal @ned Rk at€SictBe frost
state En which :a difference between a tenpera:are nstde the
cont ai ner afdmati@ettatt erfped atappetor (3i)de delec antdainere s s akount Utdis
or greater than a predeterm ned value, and the istithe of the
eon: t oner i sreDots teoddfeatinzapidaddmttrig UbaMstig birtd@Red.i | Lat e- i ndi caks t he
state in winch the difference between the tenperature inside.
C. eni ti n3et [00&¢] i &lenpenatrcdéonNBei fiGhthenCOhAictelitess Sleicribé@dbévei ®ill be
predenpThoed eaiue and the Inside of the container 3S itOrdSd 10 sone
ext ent | n t heesejed widi migeniea fotRIGt &l e It He dgezém bhéabst ttheadet dastibi, gf base
timer counts up.ihat is, ea the "(Rd.-range El:ate," the
15ri ei t 'RenfUgitionpie bpek-wrandinid aagetisiad predeter niraedepinee has in which a
el apsed fromthe start or the cothina

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 (I 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 (I 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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:node. On the other hand, in the "in-range state, the main
Stentatherel arc-that the defrosting e0dlitS arid .1t0S1
fOrdl ai ken dekel ;en totned Thai ns, in the gn-rango tante: tile
clotiosiont node ta "nal [E=Cl after the pneke.CiIMned tittle haS
elapsd itOni the start oilier cotainia nitidits and Li 3S dee: m ned
that the anmpbunt or fros; ,:nlyed on the ovnpcaa:0; ; 33) is

2i ) predet enni neti appupts hesy/BSORs W ay the ddl ecent i.n :
e(di d3nt SrLS 3e Set top{ d-te)ry?t eat-_F Tifilge gate' and c%ndcpi@énql} ange

:sato ' tid i I tate in the cotina node.is 1.iff

- out ci an®: : S%g%elat a*e{pree%&t%héc 18 17 aé’gy’ng%g TSRS AP PR fFmaRsTase SS”
S apadity ut e avEp B Bl I haifyt, oy, VG ey caetmion
(5Ll oot 05951 BYSLEL P TRSB SR ot R o e
m ttostaist h | S,S€ e iigc ditrion ..1.he

ot her har?d, %@&%Ség&?%ﬁori%gg%é s%g,t Itee?]%&in{&l ggfggsﬁﬁg%nﬁpﬁﬁttmet ﬁrgc%(ff’?rﬁﬁms
FEESTI 1Y CCrPareaPo ALl oPLORFLLY. MR 0L T 00
where the defJ.ost : i .
Cooet .. 11, 10n3 eyl R Ao AR e R, S B3 P bR ey b sames
actual i ersdened i id Pdedhich . . rost 1.33
FO111: 3 el ol v noh PRt Bl0g. ey IR6L oo BT in PG 1BEh o Bove

th tual t dte ThOlc [ a aftie e cepact . aporator
e aetual taasite HOCHBhb OfpasthALE: Q{I_AF] L8 the QYRR Qﬁaggy %gfé)KA %fﬁgte;@ﬁ)%%g

to determine the reouT anmen.. )". is prevents t rostin

from beiing yselessliyper fsas@d thelo Q0 (hndNGX tinar AN &%(e%fn%" %iﬁlgahras telrags%ﬁ

formahon detection as described above will be described w

ferer ormo t thé:rtthef 8tart loAthel dbon@ P& ?atftbpﬂletcl@ﬁqpife§§8§k305/ris' AL The back-up
dotuotion, if Isau 10 eendgions and back-up conthotans arc
satisfied, suchioasstat ®llbss: legakdedcasehfe B4 atngt dddreah 68 .6 QNA Breater
amount or frofa ht tthned 013 :htt evaporator f33), and then two
-host fori naki epredatafitddonud(B2°CapatoNand the tnds b6 @nlp¥ralufe RHE higher than a
operation 10i frost hdrinall3).:i del-0:d 1M 3, the cooling capacity

t her enl ant epre@Geid3d vaikd é;lzo@c)ad The b3 L3idont a@é?a%_@léngq’i)vﬁéth‘%{‘ac}rlﬁ t the

| kA"): of um coaperator (3s) which is actually -used is cal cul ated,

and t henst hgyolik foromati-en.state) an.thg evaporator (s33) ti.)
1: 5dot enti nmed lbéa;idtgé lfgr? the%cggol i E}g)cégacﬁ'y vitae KA. As illustrated

ha Fla ;1, Its basic
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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cord: Mons nme as follows :(-1-igreap,),.(),3tyy.ai,,ieKrimoplying an
33. Verage Ce0.3 nig 0:14331:dily % eine KA hy a canactty
T3.133n3C-C3013 rate, and 3h:eh 31. SU. 3,e & coy dpreidri-)e0
tendpl11111 3.31-e LITT-) O refrigerant flow pfessumrenigtu-ant)
tiotsang into tho conpressor (3)10 2.0 is |ower than a val ue |def,
and such a stato continuos tor a predetermned tinme r:i mnute.). The
cool i ng capaeity \HaiGaiBypassCiangd the value i det. arc cal cul ated
every predetermined Linme in the cooling :nobde. The average cooling
capacity 'm3fie NAGosptessor: averse of a p3 3:313.33 3 3 3.y of

111del: 31: 311ed CO d1 33V eapaddy ealuec 3C, A. 'Hae cod 3;1v eepVcity
vah.lc Kts ahd t h&ouddnee | def are cal cul ated respectively using the
lid:lowing first and second equations: 'ldef- (RS + SS), AT 7. 1Second
Equat i on whéke " QMgn Extassian Coed (ERghnsiapdelive)y, "RS' represents an
inlet air tenperature5 "SS" represents an outlet air tenmpefirm

eusi nut Ps &3 coef fivaioeadr det er mi ned by tapsow speed tap and a high
speed tap) of diin-container fan (36), "Tdef" represents a threshold
val uer esent §1 a coébfpsienComofol Senper at ure, and "B" represents a
coefficient changed depending on a previous defrosting tinme Note that
t he cool i ng8%apaciValyevahtug SkaioofRaftigray AponatCont:¢133)tions unst abl e
right after the cooling node is started (right after the conpressor )
i s oneratedf3 Thusan Gentio]l Beggerated in FIG |, in order not to

cateul ate he cooling capacity iue KA until the cooling capacity val ue
KA of the evaporator (33) is stabilized, it is oneof the basic Co
nditions that the predetermned tinme has el apsed after the start of
the cooling node (after the .sso 10) is operated) The backutp
conditions are fellows, he inlet air tenperature KS is not decreased
by equal to or greater than a predeterm ned ahue (02C) per hou and
the inlet air tenperature RS is higher than a predeterm ned val ue
(---20C). Thc backup conditions are for checking whether or rot the
cooling ea pa city of the evanoratorl) is reduced | NDUSTRI AL"

APPLI CABI LI TY [ 0075) As descri bed above, the presentsePal as the
containe tretrtgerattcn systemcenfgnred to cool the inside of tit-
cont auet .
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DESCRI Pi REFERENCI -i os Systet (dam aaHot Gas Bypass G FCM |
30Conpr essor Condenser Mai n Expansi on Val ve ( Expansi on
Val ve) 533Evaporat or 81Conpressor Control Section 82Valve Contro
Section (Refrigerant Ampunt Control Section) Fan Control Section
CLAI M5 A container refrigeration sysieni, conprising. a refrigerant
circuit (20) configured to performa refrigeration cycle and

i ncl udi ng;

15

20

CLAIMS

1. A container refrigeration system, comprising:
a refrigerant circuit (20) configured to perform a refrigeration cycle and including
a main circuit (21) in which a compressor (30), a condenser (31), an
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 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.

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

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
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).
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a main circuit (21) in which a. conpressor (30), a condenser (31), an
expansi on valve (32), and an evaporator (33) are connected together
in this order, and a hot gas bypass circuit (22) in
whi ch conpressed refrigerant of the conpressor (30) is supplied to
t he evaporator (33) by bypassing the condenser (3 ) and the expansion
val ve (32); and Ua conpressor control section (81) configured to, in
a defrosting operation in which the conpressed refrigerant of the
conpressor (30) returns to the conpressor (30) through the hot gas
bypass circuit (22) and thBeoMad: rFQEeRdtoh ssicdf cRE 2 hieneVapaisalor
(33) is defrosted, control an operating speed of the conpressor (30)
such that a pressur@p@foolien&OPRASSEd Y @b il Iah anthi@f prthere 1GANPIRSSSY;
(30) reaches a target value. liv:coD allikr: n-di;
gat) C. 37: Stepiurther conprisii 3g: C, ICe.fri?: ,:=Jant
arriOxd C0:3:trd ,izeCl'MI| (%$2) configured to, depending on g"
super heatsi ng degr eeuSkébobiig treh peRNPS)eESet WetH legReant brar@fied, fien the high-
conpressor (30) in the dein ' (siting operation, perform
a refriger aptesdirsediad gige @QPRHdticals KanidMafrBrapadtithedfigh-fressaie Mguidrpgss@es) in
refrigerant of nut CullapreSSOr (30) flows into a Isigirriressure
i xqui d pi pe t{eZupdrc@diing hat exebangerer@ndnd Cheh Alofvs (2O} ldvinpresswiai g@hpipB €28) of the
condenser (31t is provided, and Sli)n-N,:. in the 1-Pgl).-p;essure.
l'iquid (25) refdgduaght aireief L0)g@radvbiprastiapttambapertat ¢aaprdssor $3RI eh intérhediate
refrigerant (sf the' ' tictuiCG tntDe (Si) is supplied to tQO
conpr essor (p8fsurestatdhe contai ner refrigeration systemof claim 2,
further onprisi a supercooling heat exchanger (44) provided in the
hi gh- pr é9anpi pe ( 2Bkseirandtha refitipens sgpy arecdiiopi the v{l26)ontrhlr utgin RA) dhows
refrigerant branched fromthe high-

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

the supercooling branch pipe (26).

4. The container refrigeration system of claim 2 or 3, further comprising:
15 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).

5. The container refrigeration system of claim 2 or 3, wherein
in the defrosting operation, when an outlet refrigerant temperature of the evaporator
20  (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.

6. The container refrigeration system of any one of claims 1-5, wherein
in a cooling mode in which refrigerant circulates through the main circuit (21) to

25  perform the refrigeration cycle and an inside of a container is cooled, the defrosting operation
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pressure liquid pipe (25) supercools liquid refriaerant o -the

hi gh-ressure liquid pipe (25) in the supercooling heat exchanger 4
and then flows into a | ow pressure gas pee (28) of the refrigerant
circuit (2.0) or a conpression chanber of the conpressor (30) in an
internedi ate pressure state, wherein, in the refrigerant supply
opera’"awe control section 82)ows the refrigerant of the

hi gh- pressur,eqi i léﬂerg. ﬂ?@de%ggﬂme J ixa@‘éﬁfg%h Prol I}T%h Midiich c%ﬁlm %0&319 )a state in

t hrough the supercooling ranc pl pe e contair

refrigerati %ﬁyastﬁﬁéfé&é b& @én@%ﬁﬁﬁt&’te nfsMH %nt&gémaa i m Qéﬁhé ide the

:control section (83) conti pur In e refrigerant I SChar ge

oper ation b%oﬁtgﬁer 1§fe<§dag§)r AN Ok, thaﬁ' anigledelterﬁﬁl@& 'vﬁﬁ'e (aﬁc;'z)ll’e RPE&LAL %B?ratli%neis

condenser fan the eciichneez hei sseri ire

C: Vae' for tsﬂﬁe(p ﬁﬁérrdjﬁl%&gterﬁ'ﬁr{ed HhfeSey rela@%lfréﬁ tlg étm %F %et&oﬁné[ mod@ Ia a
is started after a predei.ernined line has |lased froma star

cool i ng nodecdihgdasdcR} 6f ihe Wpofabbr39iif fRL&AGS e!ﬁﬁt WegNeR tﬁa%@ﬁ’é@ét&ﬁﬁned
i nside the container and a se tenperature inside conmainci s equal to

or greater thabifa REEUELBIENTHR &Ykl BorRiis da@@mg@r&msﬁgldww&%ﬁﬁérqm the
starteda predeterm ned tine has elapsed fromthe start of the cooling

node and a GaethfehtGapaek iy cHiaibd) @ 18 ARA TR PEdeledBhed wIkEDUCEd tO
equal to or less than a predeterm ned value in a state M w nch the
di fference between the tenperature inside the eon:am set tenperature
inside the contnner is |less than the predeterm ned val ue.
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