
DESCRIPTION CONTAPNER REFRIGERATION SY sTEm TECHNICAL FIELD [0001]The
present invention relates to a container tefrigairation system, and
particularly rebates to improvement of reliability in ho l gas
defrosting. BACKGROUND ART 1.0[0002;A 0`)::11:aine reCall4W;edCCse;
an insidea critritainer bes      1'd:0as. a 3'e5!idae.:ed-k,i3
Sy:aledn COrifig:a;:d te. perform a refrigetancin cycle..0a1eril.
DC33.331eat thadaTai:'S the Ceraeiner reInger3dieri systen; W: this
typ.e. 1.0003;The c.(3ritaincisysiein disclosed in Patent
.bieralinent 1 ;fled:I:lards 3 ME' g:31rara ei31(3 in which a
compressor, a Cend;era];"3", eft CdTa3.31;d0:3eedd an niapOna',:er
I'd"are COnneCIed ;.3{;3:1Itler. llia eVaperelei' :3 prOVided jediee
the ecintadia37. 133. the. eVaia)rator, teddigdraadeVapOrated hal
ebSdatiflgl-ail.al: fred: Mr inside the container.Stielli 31:3WIed",
th:E3 air inside the mime:net is coo led 



[0004]in the refrigerant CSICU3I Prsetilainer ran:ger ation system, a
bypass circuit 10ii'd'.flgerarit (Se-Caned "1:0: gee") compressed in
ihe emorcaeo-th 20evaporator isinlimit passing through ihe
ethede:3333" is provided. Speoifically, nut bypass 11330 bypa.SS
t:apea and tee 03.3MliagiCThsing valves pi:usu.:lett Uedpeedi \33y
j33' the bypass fapea.bad; el. the 133Ipa3S rapedi ar:CR3IS
c.:,eredied.Miee:i3331 ?ia' a. gas line between firie pop-Tres:3:y
arid mewinh a liquid lipu beiween the expansion valve arra the
evaporator. in :he confainer refrigeration system, :lie foregoing
bypass Mieult is paird ici .2.5tier-form a defrosting mode Mr
defrosting the irtiapiaraief  [0005]Specifically, in the defrosting
mode, a defrosting capacity is adjusted to two levels depending on an
opening/closing, state of the two openitigiclosing valves. That is,
when only one of the opening/closinu valves is opened in the
defrosting mode, hot gas is supplied to the evaporator only through
corresponding one of the bypass pipes. Thus, the flow rate of
refrigerant flowing through the evaporator is relatively low. A
heating capacity (defrosting eapricit:0 inside the container is also
relatively low. On the other hand, ',VEICI1 both of 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 heatiug capacity (defrosting capacity) inside the
10container is also relatively high. CITATION LIST PATENT DOCUMENT
[0006] PATENT DOCUMEN' I: Japanese Patent PtEblication No.
2008-215645 15 



SU.(vIMAIKYINVITR)N .PROBLEM aboyO,the t:OnittiO3e: ronagnrimon
system (inscilosed rn. itateflt 00::::thetit 1.;
OIXtitO'4-fJC.:0&Olf,t. StOtt: Of the'tO:it'etttO ad; LO,3:1
hithibizg, in:nom:My insida :ha31 a.LthWeVer, moao, mariniaxity and a
e0st linci:eab:: of iitia rofrigcra: cironide caused daa totht: CO?:
1.:.g'ti'aO0:::'.t.'h3t1; the .`t,:` OPOningitic)eeed.aderiithe, the
eithaethil eithinthidaely adinalad ociiy im/ adi:33t;btiOt:SS
IdOttittaL stt,,;tch;ng of the,.,37;ing/(:;;:,::;ng Eiiarara,:ci
open:cm/Mos:a:4 varmiii.Ma dito-han-incadu:actiantages
atecanao::::air in to' the container canna: :xi.qock1v heated to
target tempera:tire due to lack of the heating capacity; and energy
saving properties are degraded due to excess of the heating capacity.
1.00081The present invention has been made in view of the ibregoing:,
and is an objective or the ie:Seat haver:lion to provide: a
hireliable container refrigeration system in which a 5healing
capiacity is efficiently ailiDSteddetha3:313?; 3110de USing a hot gas
bypass circuit SOLUTION TO THE PROBLEM 



[0009t .A first aspect of the invention is intended for a container
refrigeration system includes a refrigerant circuit (20) configured
to peribign a refrigeration cycle and including a  10 main circuit
(2i) in which a compressor (30), a condenser (31), an expansion valve
(32), and an evaporalor (33) are connected together in this order,
and a hot gas by ass cncutt (22) in i.sibtoli compressed refrigerant
of the compressor (30) iiimptied to the evaporator )33; Ise bypassing
the condenser (1).: and the C.:Kea:IS:0e valve (142), atal 3.
compressor control section (81) configured to, in a defrosting
operation in which the, compressed refrigerant of the CfliniMeSSUr (3
returns to the compressor 130) through the hot gas bypass circuit
(22) and the evaporator (33) and the evaporator (3.3) la &Ire:AC:J.,
control an operating speed of the eompres.sor c30) such that a
pressure of the compressed refrigerant of the compressor (30) reaches
a target value. p)0 I I,In the ilyst aspeet Of the anialla.031,
1301-teMpaRtlite compressed refrigerain. of the 20compressor (3(1)
tiows into the eVai.)03a1,.(a' (33) by hypasstog the
Cond',:-'.31-e-and lhe expansion valve (32), thereby defrosting the
evaporator (33), The up;:raung speed of the compressor 001 is
controlled such that the eteSaUre ol the compressed refrigerant of
ihe compressor (30) reaches the target value, .e,a pressure
equivalent saturation temperature of. the compressed refrigerant
reaches a target value. For example, if the pressure of the
313compressed refrigerant is lower than the target value, the
operating speed of the t.iompressor   ($0) is high, If the
ii."ItiSSIlte Of the COMpreaSed refrigerant is higher than the target
value, the operating speed of the riompressor (30) is low. [00111!a
second aspect of ihe invention is intended for Ihe container
refrigeration system of the first aspect of the inveinien3 which
further includes a rearigeram amount coniroi section  5 (82)
configured to, dependitan on a superheatinn dent-cc Sll 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 lig
I: pipe (25) of the refrigerant circuit (.20) in which the condenser
(31) is provided, and is stored in tho hightpressure liquid pipe
(25),, and a refrigerant supply operation in which the 10refrigerant
cchigh-press:ire bgitidepiri) r7; ;;:qpr-,;,-,n1 tr, the ec'm
on-IS:a:It- (30). 00 1 2 1In. the SeCO311; aSpect Of the invention,
if the superheating degree SIT of the compiessed natii;?;eO11;:d: IS
iONNO:" than a cataatiteThIln;)C: \faint, the. renap,orall;;sc1nr;2.e



operation in performed, Tins allows a decrease ;31 amount. of recrig
',1:111:11 circulating between the compressor (30) and the evaporator
(33 t. thereby increasing the superheating degree Stt  ill of dm
comprerSed refrigerant, if illO .SUIDOTheanug degiet SH of the.
enifil.:11:essed. refrigerant is higher llama the predeternlined
vaine, the rerrigebInt suppiy operaiion is performed. This li lows
1111 Intl:ea-Se in amollial Of refrigerant circulating between the
tiongireasm' (30) and the evaporator (33), thereby decreasing Inc
SlAperhting cl-,tgree SH of Inc cornpres;;ed Rertige.tant. 100] zli A
Wild aS1.):Cl of the inVeiltOni 1S InlienC;C:11 tor the contamer
:err:gen:11On System of  ,20 the second aspect of liati invenlicat,
which firth& includes a supercooling heat exchanger rEitzl) provided
in the ingIbreviiiiiire liquid pme r2.5): mad a supercooling branch
pipe (26) through ttancii refrigerant branched irom Me high-pressure
liquid iiiifie (25) supercoots hquid refrigerant of the anti-pressure
iiiiind pipe ye) in dati atiptimording heat oxiih-der (4,1) illd the
frostia into a tow pressure gas pipe (2.S..) of Me Fero.get1nal.
CICCU11 t20) Or a. COMOreSSIOD 2: 5ChatabeT Of Me corripreSSOT 130)
;31 an irgernierhare pressure state, In Me retrigerant ,supply
operation, the valve control section (82) allows the refrigerant of
the ingimpressute liquid pipe (25) to flow into the compressor ($0)
throng: the supercooling branch pipe (26). [00 kflIn the thirti
aspect DC the OW:Oak:at 'ha the rtitlngitemicil supply operation,
refrigerant tamed in the condenser (31) and the high-pressure liquid
pipe (25) flows Into the compressor (30) through the supercooling
branch pipe ;263, thereby increasing the amount of refrigerant
circulating between the compressor (30) and the evaporator ('3).
10015-iA Mutith aspect of the invention is intended for :be container
reftigeration system of    the second or third aspect of the
invention, wIdett further includes a Can control section (83)
configured lo, in the refrigerant discharge oi)eration by the
refrigerant amount control section 10(2), operate a eOnCiet:Set Can
(37) Of the. hondesser (di).           in the Mundt aspect of the
invention, In the refrigerant discharge operation, air irr sent to
the condenser (31; by the outs)de-contairner fan (37). Veld of the
compressed refrigtgant of the compressor ($0) flows thtotigh the
condenser (31), and id condensed by exchanging hiiiat with the air
sent by the outsicletc0:3taine: fin: (35). IS [0012;A fifth aspect of
the invention is intended for the cen;aioer tereigerattOn system of
the second or thuid aspect of the invention, 3:a Winda, in the
defrosting operation, wiaen outlet tecrigerant temperature el the
eyaithraior (3$) reaches equai loot higher than a pledetattnitled
Valaes the ttirget value tor the pressure of the einnorestied
itelth2:tran; of the COMpteSSee C30)iS Chahtaat lo ahighs: Vahle,
20100iInc. firth uspecit of the invention, 'in the defrosting
operation, if the oultm 



refrigerant temperature ot the evaporator 03) reaches equal to or
limb:et tittni the predetermined vent:), such a state read:de:3 as
ilie state im which roost of frost on the evaporate( Oa) 3s nie[itd
and therefore the tareiet vtitne tot the pressure ol the contpremed
refrigerant is Changed to a higher value. Thus, the evaporator (33)
is heated by higher- ligtemperature reft-igerant  ;9019]iiiiipect: of
the u' 'eis intended for the corathnet .refrigeration system of any
One, of the first to :fifth aspects of the invention, in vtthicli, in
a i:ooling :node in which refrigerant circulates through thC:
;Dab;(21) to petform the refrigeration cyfie and an inside of a
container is cooled, the defrosting operation is started after a
predetermined time .5 has elapsed from a start of the footing mode in
a slate in WhiCh a ChilieriMee between a. tempera:the inside the
container arid a set temperature inside the container is ecitithi to
or greater titan a predetermined value., and the defrosting operation
is started after a predetermined time has elapsed from the start of
the cooling mode and a cot lMg capacity of the evaporator i33) is
reduced to equal to or less than a predetermined value in a ;data In
[0  which the difference between the temperature inside the renames
and the sti. temperature Inside the container is Less than the
predeteritinied value. i00201If the difference between the tempera:dm
inside the container dad thc set temperature inside the container IS
large (an out-range state) even alter the cooling mode is performed
to some rodent, it is assumed that the cooling capacity or the.
evaporator G33) is 1.s. not fully useri, and that a certain amount ot
frost ind fernier: Cal :he CVapOlatel Thus, in the ontstianige state,
the defrosting, operation its. slatted UTIdeC the COnd1:1331 Where,
the predeletlinDed               rime has elapsed from the start of
the fooling mode.. On the other hand, it the cooling, mode is
performer: to some extent arid the difference between the temperature
inside the COCO:a:31er and the set tenipti'attife InS1:1:: the
container is small tan in--mange stare), it 20 is assumed that the
cooling capacity of the evaporator (33) is properly used, and that
not so mach frost is formed on the evaporator (33). if the defrosting
operation is started only snort-the COB:16th0:3 whe;C: the
pr(6kitilMiled time has elapsed ifoin the sulir of th6 cooling
nLusie, n.-; Ingnly hkely :hal the defrosuug operation Is actually
pC3 ' fOriltM:d khe Stali6 



which 1-10: SO :16.1Ch 110:31:j.OrniedCtVapCiratUT (3).TIRLS, :31 the
SIXT.h. a:Ted. Or the- inventoth"the of-ninge orate; toe defrosting
operanonstarUsci undo:- ths con:lit:Ion \vviicre  the cooling
capacity of the evaporator (33) is reduced to some extents in
addition to the condition where the pred:Uennined time th3.3 elapsed
from the start rilS the cooling mode. This prevents the defrosting
operation from being uselessly performed. ADVAN'TAGES OF THE
INVENTION [00211As described above; according to the present
it:Vent:0th the operating speed of the e0010'0330r (30) is controlled
such that the pressure of the compressed refrigerant reaches the
target- vatue in the defrosting operation (defrosting mode). Thas"
alutating capacity ean be quickly adjusted to a suitable heating
capacity. As a result, a defrosting mode lime can be 10shortened, and
a highly- liable contaiintr refrigeration system (10) can be
provided. 100221 Accotthrbe to the second aspect of the awe:Moot the
amount of refrigerant circulating between the compressor 1:30) and
the evaporator (33) is adjusted depending on the superheating
dertriise SH of ChSChathed rettioerant. Specifically, when the
super:ter:Put.; degree Ski is low, part of refrigerant circulating
between the compressor (30) and the evaporator (.33) is discharged to
the high-pressure liquid pipe (2.5), thereby decreasing the
circulating ref:igen:ill amount to inererase the tt:thug degree Sit,
This prevents refrqteratit from being in a inoist state in the
compressor (.3:3) (i.e.: prevents liquiti compression in the
compressor (30)). On the other hand, when itie et:pert:eating degree
iSli is high, retC3'tgera.311.ci the high-pressure ltqnid nine (25)
is supplied to make up for deficiency 20:sr refrigerant
ethtlihttingP,Vt.:ert the compressor t30) and Me toisaportuor (33is
tit-betty inereasmsz the et:nth:At:11g rchigennit amount to  the
T.:peril:rating degree Shit Tith3 preven3S an atitiontiat
increase,outlet I.:impetus:rue of the compressor (30), thereby
protecting the compressor (30). 



[002.3;According to the fourth aspect or the inveriiion, in the
refrigerant discharge 2r5operation. the e ifiS ide-Cf) Mar tan (35)
is operated.Elms, it is encouraged that parr of the  compressed
refrigerant discharged to the condense: (31) is condensed into liquid
refrigerant. This allows a blip amount of refrigerant to he stored in
the condenser (31) or the highpreSSIAL e liquid pipe (25), and
therefore it can be ensured that the refrigerant discharge operation
is smoothly performed. 5[0024]According to the fifth aspect of the
invention, when the outlet refrigerant temperature of the evaporator
(33) reaches equal to or higher than the predetermined value in the
defrosting mode, the target value for the pressure of the compressed
refrigerant is changed to a higher value. Thus, after frost adhered
to the evaperalor (33) is melted, :host adhered to, and air path
walls arranged around the evaporator (33) can be melted at once at a
10high temperature. As a result, the defrosting mode time can be
PuTher shortened. [0025; According to the sixth aspect of the
invention, in the state in which the dirt:mince between the
temperature inside the container and the set temperance instdc 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
slut of the cooling mode. This prevents the defrosting mode from
being, started even in the stale in which no so much frost is
actually fOrnied on the evaporator ($3). Thus, since lhe useless
defrosting mode can he prevented, the teillpe(ature inside the
container can be more properly stabilized, ralshcistriet :ill 1
11Isltrplot ern:sub:mut 



if :Ct. 31;,::,)';:ting,iC("-:"N,Tha iisticio (ittrisli:)(hMen:  mode
of the embodiment         [FIG. 4] FIG. 4 is a. flowchart
illustrating a control operation by a compressor control section of
the embodiment.         [FIG. SI Fla. 5 is a flowchart illustiMing
steps fur changing a target temperature Wills of a pressure
espdvalent stduratlon temperatire IIP(T) of the embodiment.
[FIG. 61 FIO. 6 is a flowchart illustrating a delermination operation
by a refrigerant amount determination section of the embodiment.
[FIG. 7] FIG. 7 is a piping diagram illustrating a refrigerant flow
in a refrigerata release operation of a heating operation of the
embodiment.          [Fla 81 FIG. 8 is a pining diagram illustrating
a refrigerant flow in a reftigerant charge operation of the heating
opefation of the embodiment.          [FIG. 9] FIG. 9 is a flowchart
illustrating termination condilions for the deft:mil og, 3110C[e of
the emboditnent.              [FIG. 101 Fla 10 is a flowchart
illustrating slatting conditions for a defrosting 5mode isf a second
variation of the embodiment.          [FIG. 111 FIG. II is a
flowchart illustrating a frost I-Mutation detection operation of the
second variatiO31 Of the embodiment.
I1111SCIItItTiciNligIiiritithivitiN 20lit027;Au etiti::")th:3;::31:
ii3E. ;ha 313aSethWthd ocrabed 33cilciiiai 3p, detail with 



rcforetaceCkiiI3113.3iiiiaiiNote that the Mhoeying 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
:ha SC3iiii333, and 3.:33a tif the Mostration, t1102IIIco:datum
ratigeration system (10) or the present
etittif::thErrdiii:333figliaa3313 310 '10313.3 ail a333ida
Ci37CiiiMili1:31a3i Vabi;333333313. 3a3.01',:31333133;
r3,3,-31.33a,11133 Ca3ii331.3,3:1: ii'frthal;:3:1333i31  system (10)
a[33313Senfe:: as a lid for closing a side opening of a container
body. [00291AS illustrated Mthe container refrigeration system (r0)
includes a   refrigerant circuit (20) in which renigetaut circulates
to perfOrm a refrigeration cycle. The refrigerant.. circuit (20)
includes a main circuit (20; a hot gas bypass circuit (22), and a
nsupercooling circuit (23). [0030;The main circuit (21) is configured
such that a compressor (30), a condenser (3 ; ), main expansion valve
(32), and an evaporator (33) are connected together in series through
refrigerant pipes. [00311 The corn manor (30) includes a motor (not
shown in the figure) configured to driVe 10a C301111)17eSS3031
rif1.31,13113:331S3I3The rotational speed of the motor of the
contratersor (3(;) is controlled at multiple levels by an inverter.
That is, the comp:est:tic (30) it configured snob
ilitt3111)31133St131112; 301,110(113theaCCO1. is variable..The
condenser OM and [he 1.,/[0:303-:31.3s3- 



nriaad-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  IS condenser (3 t,
heat 3S 31-1X3:13:131312;ad between air outside the container and
The evaporator (33)it;atranged inside the sand:amen An in-con:timer
Mit (evaporator fan t (3P) is provided near Me evaporator (33). In
the evaporator (33), bon: 3s exchanged between air inside the
container arid refrigerant. A drain part (32) m provided beiow the
evaporator (33). dram pan t 3 is trunted in a ner container ithape
opening al an tappet end thereor Moat 20and tpe blocks dropped From
tim evaporator 03), dew condensairon wittier or air, etc are
cithected intoilram pan (37). The mam expansion cal ,,,, (32) is
cunliguted such mat the Ope3130113; degree thereof is adjustable to
multiple. ieveit bpulse motor [00321Oil 11111:3133133.03' 010), a
ch:31(13k Vaks313 0.111113 and a pressure adjusting valve (3X) are
pinivided[11iS3110:1;11.3111-: a 134;11-p: , ettsme gas pipe (24)
between the commessor (30) and the 23condenser (3) An 0 11 return
pipe (40a) of the mi separator (40) is connected to the  supercooling
Meraah (23). ift, capillary hafita (40b) is provided in the on return
pipe (10a), The check vailim (CV) allows refrigerant to flow in a
direction indicated tw an arrow illustrated in F1C1. 1, and prevents
refrigerani front thawing in rgaposite direction. ['he pressure
adjusting valve (38) is conligured such that the opening degree
thereof is adiustable 5to tritatiple levels Ity a pulse motor.
i0033)A receiver (41), a cooling member (42), a drier (13), a SeGOIld
Opening/closing valve (49) and a supercooling heat exchanger (14) are
provided in this order in a high-prestane 



f ;quid pipe (25) between the condenser (8 l) and the main expansion
valve (32). A refrigerant flea:, path is for:iv:ad in ilea cooling
menalacit (42)" and iain outer part of the cooling 1)1merober (42)
contacts a power element of an inverter eireng (not shown :in the
figure). That is, the rooinig ininitiati (12) is eoniagured to cool
the power element by refrigerant. The second opentrigalchasirici
valve (49) is an pet:able solenoid valve,he miter ($y) configured to
trap moisture in 'liquid refrigerant flowing out from the condenser
(31). [00311The supercooling heat exchanger et1) is configure:: lo
cool lblifi(l refrigerant:  15 iloweng out from the condenser c11).
The supercooling heat exchanger (44) includes a primary path (45) and
a secondary path (46). That is, in the. Slip37COOling heat exchanger
I refrigerant flowing through the secondary path the primary path
(45) is connected to the high-priassute lig3nd pip, (25) of the main
circuit (2!), and the secondary path (46) is  20 connected to a
supercooling branch pipe (25) of the supercooling circuit (23). An
inlet end of the supercoriiiim branch pipe (26) is connected to the
high-pressure liquid pipc (25) betaverin the iimilogt member (42) and
the second openuagictosing aratve (49). .An ei)t;Ct. end of the
simercuotiim branch pipe (26) is connected to ;a compression chamber
(intermediate corma(ession chamber) of the compressor (10) in the
mid:lie of compression (IielifiCdiak) 25b,LSSUIr. state). That is.,
the supercooling branch pipe (26) is a path in which part. olimpid
refrigerant of the high-pressure liquid pipe (25) is branched and
flows into the intermediate compression chamber of the compressor
(30). tik first opening/closing valve (47) and a supercooling
expansion valve (48) are provided in the tuittentottling branch pipe
(26) on an inlet side of the sitcondary path ($6). The first
opening/closing valve (47) is an openable  5 solenoid valve. The
supercooling expansion valve ($8) is configured such that the opening
degree thereof is adjustable to multiple levels be a pulse moiCiE,
and serves RS a pressure nitrihriirer: itieChiMiSit configured to
reduce the pressure of refrigerant [0035;The hot gas bytitass eirtmit
(22) Includes a sitIghS main path (50) and two branch paths (5(the
first branch path (51) and the second branch path (52)) branched from
the 



tthain path (59). An trite: end of the itram path (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 ("Tamable solenoid valve. [00361tiheii end of the firs:
branch path (Si) is connected to an out ;et end of the main path  IS
(50), and the other end of the first branch path (51) is nom:cc:led
to a :ow-pressure liquid pipe (21) between the namexpansion valve
(32) and the deep-nate: (33), Sinn iarly, one end of it'dc second
branch path (52) is connected lo the outlet end of the num: path
(50), and the other end id the second branch path (52) is cm:netted
to the low-pressure lig:nil pipe (27). The itecond branch path (52)
is a rot:me:am pipe longer than the rust branch oath (el). In
20:Et:3it:0u, the ttetrtnii branch path C52? includes a drain pan
heater (54) arranged so as le extend in a tierpetitine shape along a
benont part of the drain par: (37). 'Tdrat it pan heals: (51) is
eon:Lau:cid to here an inside of the drain panI) by retligeraniAs in
the toierioniti, the hot gas ban:: circuit (22) is a bypath circuit
COD 6gui-c(i to supply refrigerant compressed in the compressor (30)
(higtaiiiempermaire high- niessu re gas rettiget ant dtscharged Irotn
the 2ecompressor (10); to the evaporator tat).  0U:37]Various sensors
etc. are provided in the refrigerant circuit (20). Specifically, a
high pressure sensor (60), a high pressure switch (61), and an outlet
toinpetactina sensor (62) ate provided in the high-pies:sure gas pipe
(2dt The high t.trte5Sithe SeOSOF (50) is configured to detect the
pressure of high-pressute gas refrigerant discharged from the
compressor (3(0. The outlet temperature sensor (62) 38 3:01113glAted
10 detect the temperature of hia-E.th-pressure gas pairtgeraut
discharged from the compresscir (30) A low prnssure. sensor (63) and
an incibe  tipetature sensor (ad) are provided m a Low printsurc as
;tithe (28) between the evaindrator ;33) and the (303:33p383883.337
(30), The low pressure sensor 103) is cothigthed 10 detect the
pressure of totgspressure gas refrigerant flowing into the compressor
(30). The inlet 



1:0teinaeraluris sensor (6d) is cetridgmed to detect the temperature
of iowspresstu-si gas relit gthont tiowing into the compressor (30)
l0051:1131113:1 33)3331:333Tal we: 83:33)333); (55) 333 OIC3Vided it
the sutterciathrig branch pipe (20) on :in inlet side or the
secondary path (45), and an outlet ummeiatute sensor38 provided at
Pie. supercooling branch pipe (20) on an outlet side of the
33Oeheldaty path (4()). The 15;33.33;lptralurc: sensor (65) 333
:303.33.fig313333331 tO detee: 311333 ):::313,30188313380 Of
refOge32:333th right before the rertigectril flows ;tau :he secondary
pain (Hiot.['he oultiei tearpt,rature. :33-333.38833; 3\60) 3.8,
33)0333figO3 .dete3:33 the femperattho a refrigerant bght :tiles the
telt-nu:rant Sows out them the secondary path 0:0 [0039;Art 33:13O3
lehOp33)333)833'3.3 83.3333,033:s pmwded in the lew-pleSS333:313
:38-3333:3-1 pipe (2 l) on 20an atiet side of the evaporator (33).The
inlet lernPerdthre sensor (t17) 1s Ptstltillathx1 to dele1c1 the
temperature et re h13128133 ant rthh: beith e the ref:ger:int flows
into the intapoiato: 33), An onite: :mime:dm:dm; sensor (68) is
pun:iciest in the low pressthe pas cisPe (2tt) oplnt otttlel sea: of
me est:truth:Me. (ii)'the outlet 3833133)333'3:3-)1313 Se3.3803-
(0)5) is 8108313.3glired to dele8i ihe tethperaltheterrigerath right
afterreirigerath thugsf83333), the evapthat'.): 



01) mast& the stOntailWr. The outdoor air temperamte senaor (69) is
configured to detect the temperature of air outside the container
(Les an ontdoidr air temperature) right before the air outside the
Romaine; :Tows into ;he condemer (31). An Xtt it pera.tc SC:33C:r (0)
is 3:::::Vitbitd 013 theside of the evaporator (3$) inside) the
container, and an outlet temperature sensor (7i) is provided on the
male: side of the tin1:3130tatOt C43) in:33de the container. 'file
inlet temperature sensor (70) is c. riligurecNo 31',331:CGt the
temperature Or :tit inside the cordainer right before the air inside
the container passes dstough the evaporator (33:i. The outlet
temperature sensor (71) is conligined to detect the lemperature of
air inside the container righl after the air inside the container
passes through the evaporator (33), [0041}A centre:1er (R0) WitiCh is
a control section configured to contioi the refrigetant entail; (20)
is provided in the container :eft:genii:ion syrtem (Lb). The
coritodlier (it0) inciudes cernmessor connot section tisti)
ct-fdcommt the opera:nig speed of the compressor (30), 3 yedva
control section (82) contigored to controi ;he valved ;32, 38" 47,
48, a fan cc-intro] setimin (R3) configured ns control the fans (35,
do), and a refrigerant  :1 arnourd therrininai.ion seetion (gRi)
eentigated 1.0e.i&4eidsinie a refogeriini amount in s defifisting
mode tRitich Will be described later. Note that the valve conirol
section (82) serves ifs a refrigerant amount control seenon of the
pitSetit it:Ventititt 031/41).1 Us
1310::::::3 of the container refrigeonion system 00) will be
described. The 20re(efes of the Roniamer retingeredion system fail
inio two broad categories: a 'youting niode Rooline, opera:ion)" and
the edeffosting mode Mentisting operalionrhe cooling mode is the
tootle: in Wiile33 the 3:1:31d::: (It the COnta:fletn, cooled 3:: a
reiatieel ssiost, zieriineranire.hat: is, the cooling
modeisltsemeclomnwne:hreenisicicsotthe
C331::3133:ttteit3::::tattiCirtoitttn 



store transport oniects te.g., fresh Mod) held in the container body.
The defrosting !node is 73the mode fis which fr03t adheted
to,es,asurfaceof a t:e3t tta31Slet Env: out:), ovaporator  melred.
The defrosting mode is pertiemled every time a predetterrnined set
time has elapsed from, e.g., a start of the cooling mode (every time
a defrosting :Hiner founts up), and the cooltna mode is resumed after
tenumnaiton attire defrosting mode. 10043 1<CI:rioting !Mode>
In the cooling mode illustrated in 13I1id 2, the first
opening/closing valve (471 and the second openingidOSing: tette (49)
are in an open state, and the third o)ening/closing valve (53) is itt
a closed stare. The press :ire adjusting valve (38) is in a
ftily-iipen state, and the. rittiTtetes orii rirciening of 071:
superco:)iing e.xpansion eraive (48) tired the malli expansion valve
(.32) are aditutted as necessary. In addition, the compressor (30),
the outside-container 10fan (35), and the itiedlittilaber fan (36)
are in operatiim. 100441Refrigerant cornpressed in Inc compb:ixsoris
CC:mien:test (dissipates heat) in the einiateileee SS:), and then
passes through the receive: (4i). After passing disough the receiver
(41), par: of the refrigerant flows through the lowspressuse liquid
pipe (27)., and the remaining part 0.C:he refrigerant Rows into the
simerstoolingpipe (26). The pressure 15of the refrigerant flowing
through the low-pressure liquid pipe (27) is reduced by the main
expansion valve t32), and then sect: refrigerant flows through the
evaporator (3$).the evaporator cei-t, the refrigerant is evaporated
by absorbing heal from air ustide the container. In suete a paanxicr,
the airthe container- is cooled.ftc Seleigetatit evaporated in the 



evaporator (51)flows intoisimpresiats 30) and is resisidintore3itsid
therein. 201004 ti;presS ure rif She refrigerant Rowing itito the
supercooling branch pipe (26) re:hilted le an edeeit:OCiEde 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.).In the cut ereooting
heat exchanger (h4), heat is Xehiiinged between ietfrig,eriiiiiii
flowing throube primary path (43) and refrigerant flowing thronth the
25secondary path (46). Asa result, the refrigerant of the pitilitarie
path ($3) us supercooled, and  the refrigerant of the secondats; path
(46) is evaporated. The rellitterard flowing out from the sethondary
path (46) flows into the compression chamber of the compressor (30)
in. an inteentedtate mess:pc stare tin ough an nteintediaits and Of
ihe compressor (30), [004(11ha the coohog rinstie, the operating
speed (operating :frequency) of Inc compressor (301) 15 emercilesit
by the compressor control section (Si). Specifically, the operating
speed of Inc compressor (30) is controlled such that :in outlet air
temperature. SS approaches a larget teMperatin'O SP. In addition, in
the cooling mode, the rotateonal speed of the cart:sidecontainer fan
(35) is conlrolled by the fan control section (83). Specifically, the
rotational speed of a nuitor of the outaides-container fan OS) is
controlled such that a piecsure HP of ;Ohiplpritessore ettfrigeram
detected by the high preSante sensor (6(1) is maintained constant.
the flan control section (33) controls, the rot:Piot:a; Speed of the
in-container fan (36) at multiple levels depending on a cooling load
inside the container loormin the cooking Iriorie, a so-called 's
perdemett control" in a:Y.:Oda:1On With   the degree of opening of
the n-:3th eepansion valve (32) is performed by the valve control
15section (82). Specifically, the degree of opening of the :main
eXpanSion valve ($2) is 



controlled :etch that the superheating degree of low-pressure
refrigerant flowing Into the compressor (30) approaches a
predetermined ser Yaloe.h: the Cooling mode, the sitherhealing
degree. conlrolassoc::::thon with the (legito of npaning of the
Si.:pe'CCOOting eXpal3S.Thri valve (48) is also petthoned by the
valve condo! section (82). Specifically, the 20degrritt of otimang of
the supercooling C:XpanSier: VahiCt OS)COrdrOned SUC.11 thal the
imperheating degree of intennediale-pressure refrigerant flowing on;
from lbe stotonclary oath (46) or the supercooling heal a:fel:anger
Oat aoproaclies a predeterno tied set value. [0043;<Defrosting Mode:,
When ihe foreg rig citviiiithe inetiecontinthmsly petfotimeci, '
;sit. is adhered to, 25mg., the 5urface of the heatpipe
(ifevapimolorand i5 gradnally deposited in  la: . ger gum:tines.
'rims, in the container refrigeration syntem (10), the defitoslin
mode ffir defrosting the evaporator (43) is pertdrmed every time. the
predetermined time has elapsed from the :::art of the COCdli:g niece
(Cverydine the defrosting timer counts tip), :00491rhemode frustrated
in FIG. 3 is the incele in which ingh-lemperature 5 high-pressure as
refrigerant compressed in the compressor (30) is supplied to the
evaporator (33) by bypassing the condenser (31), the receiver (41),
the supercooling heat exchanger (44), and the main expansion valve
(32), [00501in the defrosting mode, the second 4)peninglelositio
valve (49) is in the chased state,       and the third opening/Oosing
valve (54) is in the open stale. The main expansion valve (32.) 10is
in a fully-closed state (goo pulse). The first opening/closing valve
(47); the pressure 



ad:misting valve (3:St), and the supercooling CY:pat:SR:31 Valve as a
general rule, the RAIIY-CIOSed slate (zero pulse). While the
compressor (.30) is in operation, the outtudist container Iltri4,3))
and the imcontainsiti nan (345) are stopped as a genera; rine.
Refrigerant compressed in the compressor 130) 3s StTPlied to Inc
tWaPralICSF LH) Li) through the hot gas bypass circuit (22).
Specificatly, high-prestore gas 37CfrigelWl: flows through the tnain
path (50), and then i.s branched tato the first bralieth path (St)
and the second branch path (.52). The refrigerant flowing into the
second branch pall (52) Passes iFtrough Lilo drain pan heater (54).
bor examitte, ice biecks dropped from a surface of the eVapOraiOr
(3.4) are collected Mut the ;Irani.flui ire blocks etc.. are heated
and melted by the 20refrigerant flowing through the drain pan licatet
C.34). 'The melted water is discharged to outside the container
through a WC:Lk:IC:Mined flow path, )0052hoe reitigetant howing out
irOIT: the dtatn pan heater (ti4) toms me min:ger:tin flowint?; out
From the frit branch path (f): ), and linen'..hrOUgheV.,":?01:i1103.
? 33),in the evaporator (33), high-pressure gas refrigerant
(so-called "Iticit gas") enteniatris through the 25heat tranatter- of
the evaporator 34). Thns, frost adhered to the periphery of the heat
transfer pipe of the evaporator (3$) s gradually heated from an
inside of the heat transfer pipe by the refrigerant, As a result, :he
frost adhered to the evaporator (311) is gradually melted and is dr
from the heat transfer pin- Then, the frost (Ice biochsli dropped
from the heat transfer pipe is collected into the drain par: (i:37).
The refrigerant used fen dethostina or 5the evaporator (33,1 flows
into the compressor (30) and is tionipmated tnerein. 1005:31 in the
foregoing defrosting mode, the follownig controls are performed
by-the control sections (81." 82, as" 84). 100541As illustrated in
FIG. 4; the operating speed (operating :frequency) of the compressor
(30) is controlled by the compressor control section (81). Sne:ci
fleshy, the 



10 Compressor control section it; it controls the operating speed of
the compressor p30) such mai the nresSure detected by the high
pressure sensor (50) reaches a predetermined value. Le:, a pressme
equivatent saturation temperature lilt( IC) of :high-P(essure
0111148,141tal roaches the predetermined value. More specifically,
the compressor ittentiol .attetteal (t.:t1) :13VittetteeS a current
operating speed N of the compressor (30) by a predetermined ;amount
AN when  15 conditions of a first determination illustrated in Fla 4
are satisfied, lathe first rietermination, -11.Pt ns" represents a
targer hetatperatare of the pressure equivalent salutation
tettaperatine ill-'('l'it in the present embodiment, if the pressure
equivalent saturation temperature Hp(Ti) is lower than tliss target
temperature FIPCfls bya predetermined value (2'C), snobs. state is,
considering ertthis, regarded as a lack of the detioraing capacity
(heating 20capacity). Thus, the operating speed of the compressor
(30) is locredrod. This increases the etellOtatect eapaChy. In the
preeentC e. prettente ethdh.takatt Stantianeht ten:Teta:pre tdittj)
t.tt not tower than tie:. targra leinitimmure 1111(2tho Idy the
predetermined value as described above, the open:ring speed cif the
compressor (30)       increased -Mien a dtherence between high and
low pressures (high pressure HP---tow 22Nu:shunt,reaches edniu to or
less than a predetermined value (20:i kthi.). This increases  the
difference iximaten high zind low pressures in the ciompressor (30).
Thus, damage of the compressor (30) due to traii small difference
between high and iow pros:Mies Cat: c. pie's/en:ad id: advance
The high pressure HP is the pressure of high-pressure telingerani
del-fa:Led by the high pressure sensor 050L and the tow pressure LP
is the pressune nt low-pressure refrigerant.  :3 detected by the low
pressure sensor (53t.. if the conditions of the Mitt deterininniton
are still satisfied, the operating speed N of the compressor 00) is
Ii titer increased. by the predetermined amount AN as in the
foregoing. Note Mai; in the present embodiment, the target
temperature plan; is ear to firt-H. The ar:311Deralate of 5::QCis a
suitable heating temper:More at which foal on the ht:ai thanSfer pipe
:8 :X::: (.110:::1Wd CteCt: rapiri heating  10 If conditions Or a
second at Ha 4 are SadSfied., ;he compressor et-missal section (iXl)
degreases the current operating speed No the compressor 00) lathe
ptedetermined amount AN. Specifically, when the messaist
egniveiestil. saturation temperature HP(T) is higher than the target
letripetature linteris by a predeehisrahled value such a slate is
regarded as excess of the dertnishug capac ity ilhesting capacitya
and the ISopera:mg speed of the cdpspressor (30) th dpefeas.:ed. ibis
reduces he defrosting capacity. 



38 a:SO a ctalt::130310:: the second Ckatennbla:::::: that the
di:tie:thee between high and hnsi pressmes (high pressure HPlow
pressme LP) is actual to or greater than a ptedelermined value :230
Ott:). This is because, C the operaung speed of the (ammo:mei Om is
decreased when the difference between high and law pressures in the
coniptessor (30) is small the diffethisee ixaviage high amNow
preshafrea is rustheslexteased_Isi!sl.thing in dlc-f on raete of the
eompEessor OD) If ibe fondttionr:
at ilie second deuirrainatiori are, shit sarisfiarii, the 01:annul:a
uric-ter:: Nthe eompressurfurthsr :1;s:reused by :he predsietramed
iitranin;      as in the, h;tev,aint,,, As desist:bed alsove, ;he
openhing :Teed or the comp:re:him tsrli 38 COP.ITOiled Sad: that :he
pressure ethsiv;frent saturation temperature3s Illah:ta:tatt;
ibi)constant (within a predetermined range), thereby properly and
quickiy adiesting the defrosting :9  capacity.  [0055; As illustrated
in FIG. 5, in the present embodiment. When the ternperature (1 e., an
evaporatol otalet refrit,.t tempera:me liogl) of Int:Um:ant detected
by (he outlet temperature .sensor (68) in the defrosting mode.
reaches equal iti or higher Man a  5. predetermined value the :arm-A
temperature idil(Tls is changed to a higher value, In Me present
eruhnient, the target temperature hill(T)s is changed Mem Otre to
(555C. This is because, when the evaporator cutlet refrigerant
temperature EDS reaches equal to or higher than the predetermined
value, such a state is regarded as melting most of frost adhered to
the evaporamr (331, and theta frost adhered to, e.gc, the
ineriontainer tan (36) and air path wails  0 (not Stathia in the
figure) arranged around the evaporator (33) 15 tnctited at a high
temperature. That is, when there is no longer concern over toe state
in winch frost is drooped from Cne evaporator (33) by rapidly heating
the frost al a high temperature, frost on compoi-aftaiS arCa.alld the
evaporator (S3) is melted for a :diced per:or:tot time. l00561The
refrigerant amount dateiththat3031 secutin (84) detemilotis excess or
dellimency  :5 of a refrigerant amount in a refrigerant citentabon
cyttle of the defrosting mode. Depending on the excess or deficiency
et the refrigerant arittiunf the valve control section (it2).
controls the End opening/dosing veisre (47T the pins:atm atilt:snag
Vab/e. ,3';';'), and the supercooting expansion valve :48), and the
fan control section (XS) controls the oinsidescoritaitter fan (35).
10057) Specintially, as illustrated Hi HU. a datitrththathth
Opthaliaa; by the refrigerant 



Camount orgerrinaarital section (84) ;s performed. in a normal
ciperanon Inc., the detesting mode Munn-ate:1 in
hit:.whenretriceminth.athalthati.OP,(84) determines based tin
conditions 01 a im;t!..'ilustrated inthat the rthilikththth.
aniCathteXatthSkie, a tarnger:In: releasc operatiint (ming:trent
discharge opera:dont tlitearated in italt. 7 ;,s pertormcd.in the
refrigerant release operation, he 28pressure adfusting valve (38) is
scotched to he open state by the valve controt stitgon (82),  and the
matticle-giontainer fas (35) is operated at a low speed by the fan
control seetdon In the refrigerant elease operation, par: of
high-pressure refrigerant discharged from the gorepressor (dtt) is
cendensed iri the) condenserati311(.3.01e,C1131 the itanwer Oldthus,
part of refrigerant in the refrigerant dreniation cycle of the
defrosting mode is teteased to the  5 high-pressure lignid pipe (25),
thereby cure stun the re:I-tiger:tin amount in the deft :nanny. mode.
In addition, pan' of liquid refrigerant of ;he receiver (41) flows
into the cooling nernaher 42). Thus. the inverter Cit133131t 1!:3
COOked, [00:58]In the conditions of the first determination
illustrated in FIG 6, "Eilkir represents a pressure equivalent
sautration 31333:11perattire of refrigerant (hign-prestrure
refrigerant) thriohinigert frond the sompresEnt ii'31)), ''DCHS" rep;
' esenb; a tempera:El:: db.:cab:NI by ;ha outlet ;emparatai-a sensca.
(t52.). and -tytylliS- represents a temper:mac detected by the
outdoor gni 3S13:333pet33133CDSOF (69)r:3333: is, if the pressure
cm:iv:dem attut ' anon frinperamie 1-19( 1) of iiignipiessiae 1mi
igerani Is rumen mini a men;sestimtass, ymaii, mat a ainameadtag
ae,g3e..e. (DCHS "' HP( F.3)of disciaffged refuge:atm is '33113:3
than a predetermine::: value, ;here is a 



15 possibility that reirtgerant cliseharred from the ecithoressor
(30) is in a thobet. slam. Thus, the moist state: :11 prevented by
decreasing the reingerant amount in the tasingerunt dr:mix:ion Cyele,
LC 13- ree p3 ' (13:331.111-1 (3e:133e:313.1333: saturanon
temperature I-11)(n is lower thin the outdoor temperature Ahdbits,
the pressure in the condenser (51) is higher than the pressure at
higfr-Prcissiote refrigerant. Crinee renigetant Dews out from the
cpudenser (iiIt) by opening 20the pressure adjusting valve tdde), it
333; one of the conditions that the pressure equivalent ;saturation
ten:Pe:aft:EC: liPt. I) :33 ill:ph:1r than the outdoor tempeentire
lyMg,tinder smith a ond:nom it can be idnuted that pen offumi L-he
COIT:preSS0.1 1303 333 eeleasec(3 101,3333d the e033d3:31yti 331)1:3
the I ellIpteedt 3'333113(CCOpCm33.3333:3 R3059:I313 )31:3
cetH31,31,1e33(Open313:31n, gibenreldigerant antinna deterrietnanon
.25section (84) aederrinites baseel On 3.,01)1313301CS of a second
2eterminai.101; ;1133,St: start in FIG. 0  that the refrigerant
amount is proper, the process returns to the annual operation
ill:Is:rah:a: in FIG, :3. That is, when the 83.therhathlg degree SE!
(DCTIS - HP(T)) of discharged   IcfriaTrani: l's hitIlsen than the
predetedmined vahict, such a state is regarded as the hecte in whith
it is less .hkely that refrigerant discharged from the crunpressor
(30) is in the moist 5state; and therethre the process returns to the
normal operation, :00601h2 the h`Uhrihid CTCraeWeh. when the
refrigerant amount determination section (84) deternainec based on
conditions of a third delertrimation illustrated in HO. 6 that the
refrigC- rant amount is deficient a refrigerant charge opee:a
(rCifigerath supply 4)1)eiatiOn) 



thilStrated in Flii, 8 Li performed.In the refrigerant charge
opera:he, the first  ] 0 cPcninginksing valve (47) and the
supercooling 881Xth.Sthr: VaINIC (48) are swached to the oneu Nate by
the verve ;iodic; section (82) Note that in the retttgetrint charge
operation, he pressure adjusting valve (30) is in the dosed state,
and ;he th.tht:th>-comairter tan t35) is stopped. In the
refrigid!aut. Charge uperedion." licadd refftgerant of the receiver
(4 .1!) flows into the compression chamber or the etutliare330:: (30)
In the taternlethale preL3ur{': state through  i :7.5 Inc
suPercooling branch gna2 (.26). Thus: refrigerant of the
.hi.gh-piessure liquid ;Upe (1:5) is charged (supplied) to the
refrigerant circulation cycle of ilte defrosting mode., ;hereby
int.:: . easing the refrigerant amount in the defrosting mode, in
such a case, since Liquid refrigerant of the receiver (41) CiradateS
through ffle cooling member (42), the inverter circuit .L.: cooled.
20510h[}h.: the third determination i8uslrated in idfl 6, if the
slate in which the supethetaing WiDee Sill tlfelbHP(T) of
(8.Seth:Vged 31thigethth. 1:': ::1:18i [1) or higher num the
nredelennmed value due to an otsindeereaS:f EY:CS-SU:V
ethl.C.,(a[eth..S8thi3ii'm temperature 111)(J) at inghenressint
refpgeratil continues UN-; t.g., 10 rthtitheS., :!: ;..S
thfkeirththNil :hal the Oth181. :ethperathre or ;th:! COthpRiSSOr
(30) jS 3hr:0:Many high, In such a case; the rettmerant 2:..)aleQinzt
in the rehhigetathl CitCthathth CyCk is thCreaSed to decrease the
supetheanng decree sit 22  of disc barged refrigerard, thoroby
protecting ate 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. Ti them is a
Olargili in the range of the oneialing speed N of the compresso:
(:30), the or tine speed is increased to increase
areftirteraet'Jcuiation  :5 amicithas thereby reclarthrg the
superhea.ting degree SIT of discharged rottinerant. The superheating
degree Fild can be more quickly changed and be stabilized by
increasing the or speed of the. cionithoessor (30) rather than by
the. foregoing refrigerant charge operation. :hue, if the operating
speed N of the compressor (30) reaches the upper bunt thercol. i.e.,
the operating :Teed hi of the compressor (30) can be no longer
Increased, the  10 superheating degree Sid Of discharged refrigerant
is dec.cuaLed by the raftitaaran; chraga operifiian. Laio21tue ran;
f2,e6a6; charge opetarion, if the rentgOtadi 3U10OUtOCCG:IS) (84)
thAtuinitcs based on conditions of a fthirth determinant:in
iikistrated in 1.21G. 6 iron the yeb-rgeratti amount is proper, the
process returns in he itionthd operation dinstreded iS filth 3.
5['ha; is. if the prUssua: eqsavalent sun:tan:an t(riTip;:talUie flPi
I) or high. preSSIACe 



reaches eqUal toot higher than a predetermined vaine, and the
supetheating degree 81-1 (DONS is HPCI)) of discharged refrigerant
reaches equal to or lower than a pradoeficUned vahm),, such :5:
>..F.attf.: isiegarded as the state in sstlich the millet temperathre
nat the compressor (.30) is proper, and therefore the othiress tenons
to the normat operation. 2010052As des:A:bed abovo, ut the detiOSUOg
mode, the amount of refrigerant Ore:daring busweco ;he compressor
(30) and the naci)uratoF ;33) :s incycasecilciacraased such ;bad rhu
scperhauln.62; chsp-ae :;41.1 clischargud lium :The compressur (30)
IcaLhcs 11:a raadaturinined value. (w;;;;;:r; a la6zcl, range). Thai
a::: when the sapciThaahug degrat SR's kw, ansI of !via:gen:a:
circulating between he compressor C30) and the eavaporator (33) 6;
ruhossec; to the high-mess:ire liquid Dino (25). On the other hand,
when the superheating   degree SH high, refrigerant of the
ittigh-preirisure iiquid pipe (2:5) 13 charged to maise up for the
defiettriney of refrigerant circulating between the corapressor li3O)
and the evaporator (33). p)0641 Next., termination need tons for the
defrosting mode whi be described with referenee (0 lilalitpresenr
embodiment, the termination conditions are different 5depending on an
elapsed time from a start of the defrosting mode an operation time of
the defrosting triode). [0065;First, after the defrosting mode is
started and before a first predetermined time (45 ntlittnes) has
elapsed, it lc determined whether or not firs: conditions are
satisfied, Specifically; ihe defrosling mode is terminatedin the
defrosting mode, the temperature 0visapittrator outlet tiefri2;enini,
temperature EGS) of refflgerant detected by the nuet .rempetature
censor (tiiiititi reaches equal to or higher than a predeternimed
value (2iirchli and the itemperatitre (inlet int temperature RS) of
inr inside the COffilaDS:ST Lk:at:Set: OY the: sensCzr /ft: reaches
equal to or higher tnatt a preidelerinfried value (3!Dit.). That is,
if the defrotitMg n3CSie is terminated under theCOntht.i311S, the
operation time of the 



defrc tree modethan 45 minines. As frost on the evaporarin t.lin is
melted, the evaporator onfret refrigerant temperature .titiIS is
gradually Increased. in addition, as fiord on the evaporator ()5) is
molted, the tiemperature of in flowing into the container' through
the ecaueraror f2i3) 5 itraduaily increased, and therefore the
tempera:me (inlet an terripistatine RS) of an: itowing rhe,
evaporator (tif) from the container is griithiaily increased, .phus,
St' it:crease in eitaposishir outlet:. :eft; geram ternperatinsis LOS
and ;Met air teropenanite RS to ' cdetertnined temperaniseregarded 3S
1:iSeWhidi MUS: Ot frost on rho evaporator (.33) in ?tidied, and
therefore ihe 3110Cie isteennated Alter the lust prericj,ereened time
has elapsed from, the start of rhe defrosting mode ivithont
satisfying the first conditions :hid before a second predetermined
time ;90 EISiiSiltC:ri has elapsed., 0 Is determined whether or nor
second condinonS are satisfied. In the second hiindunins, the
predetenitiried values for  the evaporator outlet refrigerant
temperature EDS and the inlet air temperature RS are set to larger
values (changed from 2.0ctIll to 30"(2 and from 3C to 15"C) thtm
those of the first conditions, Thal is, the defrosting mode is
terminated if the evaporator outlet refrigerant terapetamre ECS
reaches equal tour higher than .30"C: and the inlet Mr semperature Rs
5. reaches equal to or higher than 15C. If the deft:sating 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 :Monies. If the first conditions are not satisfied until the last
predetermined time (SUS minutes) has elapsed, such a state :3
regarded as 11-u. Acue ;y1-ilda the amount of frost on the evaporator
(33) is significantly huge. in such a casei the predetermined values
10 for the evaporator smiled refrigerant tensperatui . ts filesfi and
Me inlet an temperaturo RS are set to larger vahes. Thus, a longer
defrosting mode lime can be ensured. :ma:is it can be ensured mar
host is completely melted. if the tdicling .thode is pidthithed in
the state inout or trust:s not incited, suciiii frost is
depeei3tedl'eager el:nue:Ilea: a short time later: and it is
it:in:red that the defrosting mode is often pericamed.. However,
sinue Frost is completely moiled, the foregoing stale can he
pc:ire:nod. If the amount of trost at large. beyond eapeetatiOn am::
the frost :is net completely melted, the second pretleterirdnetil
time (90 minutes) may have elapsed without satisfying the second
conditions. in such a case, he defrosting mode is forcibly terminated
when the aaeOnel preele.te:Tuained time has elapsed. Slnee) the
defrost : ng mode is the mode in which. hot gas is stint:heti to the
evaporator (33); the  :stO temperature inside thes con-tamer is
gradually ineeeasea Thus. when the defrosting niOde :hale reaches We
In-ecietcniuned ume, even t part of frost is not melted, the
del:Foaling modo ii rorcl L,h,P tc; - inhumed pi pressent an abnormal
in:Tease tensperattire inside the ttimminstr. [(Ratio;Advantages of
Embodiment. is:crud:mg tc.) the 1(7)reg()ing ,ernbocnenenie ill the
defrostingthe ocxeratin2-, speed ar the compressor (30) is controlled
such that the outlet an teraperature 55 reaches me 



target temperature SF. Thus, the refrigerant circulation amount can
be quiekity adjusted depending on the outlet ait tePCIDeEanite SS
:hereby efficiently adjusting the lieating capacity. [00571 In the
foregoing embodiment, the amount of refrigerant circulating between
the compressot (30) and the evaporator 033) is adjusted such at the
superheating degree Sid of  5 thseharged refrigerant reaches the
predetermined value dthin the target range). Specifically, when the
superheating degree Sid is iow, part of redrigertna circulating C'
'e' the compressor (30) and the evaporator (33) is released to the
hig,h-pritissure liquid pipe (25)   he refrigerant release
operation), thereby decreasing the circulating refrigerant amount to
increase. the superheating degree SR. This prevents ref:tiger:3M from
being th the moist state 10in the compressor :30) (i.e., prevents
liquid corn:press:on in the compressor ($0)). On the other hand, when
the superheating Cle:QA-C:Chigh, 1-thigETant of the high-pressure
p:pe (2.5) :3 chaig;:d to thaire np jibs the deficiency of
refrigerant circulating between the cot pieseor (30) and :he
evaporator ($3) (the re:lige:ant charge operation), thereby
increasing the circulating refrigerant amount to decrease the
superheriting dCp;ICC:This prevents an ithriormid increase in outlet
temperature of the compressor 030), thereby protecting the compressor
(30). l51008.1in the threw-it:3g; embodiment, the condition where the
pressure equivalent saturalain ieMpCiatUr.e. 11P(T) of high-ptessitre
refrigerant is higher than the outdoor temperature Alvitlist( 3s a(j;
;;;,:d to the COrldiliODS for the refrigerant rctrtase
ripenatiOn.fhb':  20 (at:veins a back-flow of refrigerant. from the
high-pressure tiCotu pipe :25) in which the condenser (31) s
plo\,:ded, let the hot gas bypass C3):Cii31 (22), 'Thus, g can be
ensured hurt the ittisgerant reicase ripen:non is performed, and that
the hquiti reinpresslott tri the con'ipressor (3;y: is prevenled,
10069;In the refrigerant release operation, the thattideonotnet fan
($51 is mated. 25Thus, it is enciittraged that pact of compressed
refrigerant released to the condenser (31) is  



condensed into liquid reffigerimt. ThiS allOW3 aamoont of refrigerant
to he stored in the condenser (31) or the receiver (41), and
therefore it can be ensured that the refrigerant release operation is
smoothly performed. [00'701in the refrigerant release operation and
the roffigeraM charge operation, refrigerant of the receiver (41)
circulates tirrough the cooling member (42). Thin contributes to
cocibmg of the inverter circuit. E0071i1VarianCinS of Embodiment
<First Variation-7- In the present variation, the preSeriaie
ad:II:Sling valve (38) is constantly opened at a it)predetermined
angle (e.g , the inininium inigle: in the defrosting mode of the
foregoing embodimentin :..aieb a case, win!e the defrosting mode is
nets:honed, par: of discharged ref:ragman: is slimed in the Veen:Yea
(41), and refrigerant of the receiver (4E) circulate:: through the
cooling member (42). 7thm.ts it ean be ensured that the nivesitsr
cireddi is cooled. As a result, rehab:lily of the container
refrigeration system (10) is furtlser improved [00721<Second
Vatialtorth         In the. present eattanort, the starting
conditions the the dents:gig mode of the foregiaing sinbodiment are
changed. Thai iii3; in the fel-age:nig elnbedianet ille denieSeJrigi
mode is started every time the defrosting timer counts up. However,
in the present variation, the defrosting mode is started tinder
120I1C.iliOnS such as a trout formation slate in aUdalein to 20the
tOref.:10Pag entialitiOn.Noir, :hat the isartIng conditions ta
precondition and main condition( s)) the the defrosting mode as
described below are dm:rammed by he cc:11;1-0;1er (go). 



[(073;As illustrared in FIG. 10.iu the present variation, :t is the
pier:or:did:on for the siert      of the defrosting mode Mat the
evapormor othier ref:memo: temperature f7057. is equal to or 25lower
ihan a predetermined value ;20d). If frost is continuously formed On
the evaporator  Pit), refrigerant is less likely to be evaporated,
and therefore the outlet selitigelabal tempera:the EOS is deemased,
in the present variation, the decrease in evaporator outlet
dsingernn: Sdt,Tee'tteirt3S: regarded a:: Pic state in V,thieh fithat
is farmed on get compoiator (3$) or treat fs being firmed on the
evaporator ($3). if the preCOnddiOD is satisfied, d 'zt Sdetermined
whether o; not the math condition(s) itheirti satisfied. If the main
condition(s)        s"lnatiodt the cooling inodc is stopped, :md then
the defrosting ;spade is started, The main rendition is different
thipeuding on whether a state in the cooling mode is an "euittriinge
state" or an "in-range slate ' The "out-range state- indicates the
state En which :a difference between a tempera:are mstde the
container and a set tempetatnre inside the container is equal i.tuto
or greater than a predetermined value, and the istithe of the
eon:toner is Dot eoclea tapiadd the "inttstitQe :ilLate- indicaks the
state in winch the difference between the temperature inside.
C.enitin3et;,et ielnpeialtde MSeitClhe COM:Aide;tes:s.: 'tad ;lie
predemoThoed eaiue and the Inside of the container 3S itOrdSd 10 some
extentIn the "per ;singe itittite,e the Krzam thai the detrosthig
timer counts up.ihat is, ea the "(Rd.-range EI:ate," the
15rieitInenru2: mode is srai hid age: a predetermined pine has
elapsed from the start or the cothina 



:node. On the other hand, in the "in-range state, the main
Stentatherel arc-that the defrosting        e0dlitS arid .1t0S1
fOrdlaiken dekel;en totned Thai ms, in the qn-rango tante: tile
clotiosiont mode ta 'nal [E=C1 after the pneke.CIMined tittle haS
elapsd itOni the start oilier cotainia nitidits and Li 3S dee:mimed
that the amount or fros; ,:nlyed on the ovnpcaa:0; ; 33) is
2i)predetennineti amount.he masons wiay the ddlecent Main
e(did3ntSrLS 3e Set tor d-te -teat_ Tifilge gate' and the c1:3 -range
:sato ' tidetotiowsif the state in the cootina mode is 1.iff
-outciam?::: statealter the C.001ile? mode 35 per-Will:led :0 GOUle
extClt it :3 ;EISsumed basr:d on such a :state that the COSIldet,
C:apaCity ut Use eVaputSidr (33) is not telly Iff.ed, and !Fed a
(Sdlain amount 01 froSitfbTeled;he mats:dam; (E; 3). 'F11:3:3, for
:lie l'ouididiae s5state." only the con mitioti nthele the
mittostaith Inner counts up is set as the Main condition  On the
other hand, in the "in-range state," it is assumed that the cooling
capacity of the evaporator 03) is properly used, and that not so much
frost is .Cihrotici on the evaporator ($3), If :mita 0-to conddhon
where the defrosting 133 13111r counts up la set as Me Mein
cocci..11.1013. 3, it Invidiy hke,ly that the defrosting mode Is
actualiy per:boned in the state in which nor so much  5 frost 1 33
f0111-3.ed On the evaporator (35:11. ;Thus, in the "in-range state,"
the aetual frost formation state of the. evaporator (33) is detested
to determine the reouT amen.. )". This prevents the defrosting ;node
from being uselessly performed. 1.0074.1Next, an operation .0ar frost
formahon detection as described above will be described with
fererormo to ttifa. IA, In he operation tbr frost Mr:nation
dotuotion, if Isau  10 eendgions and back-up conthotans arc
satisfied, such a state is regarded as the state in which a conam
amount or frofa ht tthmed 013 :htt evaporator f33), and then two
-host forination aetorthon 3,s tamed ON. .t.tasically in the
operation 10i frost hdrinall3).:i del-0:d 1M 3, the cooling capacity
therenlanter 3Cre:37:11d 1.0 ad a "CO01133 1:1 C34333e3.3:31 value
IkA"): of um coaperator (3s) which is actually -used is calculated,
and then the frost formation state or the evaporator (s33) ti.)
1:5dotentimed based on the cooling capacity vitae KA. As illustrated
ha Fla ;1, Its basic 



cord:Mons me as follows :(-1-igreap,),.(),3tyy.ai,,ieK rimloplying 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 Ct coy dpreidri-)e0
tendp111111 3.31-e LITT-) Of refrigerant flow-pfessum renigtu-ant)
tiotsang into tho compressor (3)10  2.0 is lower than a value Idef,
and such a stato continuos tor a predetermined time r:i minute.). The
cooling capacity \taint his: and the value i det. arc calculated
every predetermined Lime in the cooling :mode. The average cooling
capacity 'mine NA is :::.: averse of a p3 3:313.33 3 3 3.y of
111de1:31:311ed CO:d1 33V eapaddy ealuec 3C,A. 'Hae cod 3;1v eepVcity
vah.lc Kts and the value idef are calculated respectively using the
lid:lowing first and second equations:  'Idef- (RS + SS),AT 7.1Second
Equation where "Q" p ents a cooling capacity, "RS' represents an
inlet air temperature5 "SS" represents an outlet air tempefirm-
eusinut is a coefficient determined by tapsow speed tap and a high
speed tap) of diin-container fan (36), "Tdef" represents a threshold
valueresents 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 )
is onerated). Thus, as illustrated in FIG. I, in order not to
cateulate he cooling capacity iue KA until the cooling capacity value
KA of the evaporator (33) is stabilized, it is oneof the basic Co
nditions that the predetermined time has elapsed after the start of
the cooling mode (after the .sso 10) is operated) The backutp
conditions are fellows, he inlet air temperature KS is not decreased
by equal to or greater than a predetermined ahue (02C) per hou and
the inlet air temperature RS is higher than a predetermined value
(---20C). Thc backup conditions are for checking whether or rot the
cooling ea pa city of the evanoratorI) is reduced INDUSTRIAL"
APPLICABILITY [0075)As described above, the presentsePal as the
containe tretrtgerattcn system cenfgnred to cool the inside of tit-
contauet. 



DESCRIPiREFERENCI-i os Systet (dam  aaHot Gas Bypass CiFCMil
30Compressor Condenser             Main Expansion Valve (Expansion
Valve) 533Evaporator 81Compressor Control Section 82Valve Control
Section (Refrigerant Amount Control Section) Fan Control Section
CLAIMS A container refrigeration sysieni, 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 (3 ) and the expansion
valve (32); and Ua 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 evat,sorator (: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. liv:coDiallikr: n-di;
gat)C:37:Stenfurther comprisii3g:           C`, ICe.fri?:`,:=Jant
arriOUrd C.0:3:trd ,izeCI'Mil ($2) configured to, depending on g"
superheating degree Std of the, compressed refrigerant. of ;he
compressor (30) in the dein ' (siting operation, perform
a refrigerant discharge operation Ca which part of the com,:iressed
refrigerant of nut CullapreSSOr (30) flows into a lsigirriressure
ixquid pipe (2.5) of the refrigerant circun (20) in ',which the
condenser (31t is provided, and Sli)n-N,:. in the 1-Pg1).-p;essure.
liquid (25), aind a refrigerant: utopia: operation in ssaiicli the
refrigerant (sf the' ' tictuiCi tntDe (Si) is supplied to tOO
compressor (3(i).  The container refrigeration system of claim 2,
further omprisi a supercooling heat exchanger (44) provided in the
high-presanpipe (25); and a supers:g branch pipe (26) through which
refrigerant branched from the high- 



pressure liquid pipe (25) supercools liquid refriaerant o -the
high-ressure liquid pipe (25) in the supercooling heat exchanger 4
and then flows into a low pressure gas pee (28) of the refrigerant
circuit (2.0) or a compression chamber of the compressor (30) in an
intermediate pressure state, wherein, in the refrigerant supply
opera''awe control section 82)ows the refrigerant of the
high-pressure iiqud pipe (25) to flow into ihe cormsresnior (30)
through the supercooling branch pipe (26). 4.The contairzer
refrigeration system of claim 2 OE 3; further comprising: 15a fan
:control section (83) confipured 1.0, in the refrigerant discharge
operation by the refrigerantou ..cint il section (82), operate a.
condenser fan (35) of the eciichmeez (3 i ...t. theisseri ire of ihe
C:Vae' for the nrerrureuf cir,nressur 0011 is climized to a I...clue.
is started after a predei.ernined lime has lased from a start of the
cooling mode in a state in which a difference between a temperature
inside the container and a se temperature inside comainci s equal to
or greater than a predetermined value,and the defrosting operation
starteda 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 in a state M. winch the
difference between the temperature inside the eon:am set temperature
inside the contnner is less than the predetermined value. 


