DESCRI PTI ON CONTAI NER REFRI GERATOR APPARATUS TECHNI CAL FI ELD The
present invention relates to container refrigeration apparatuses,
particularly to neasures to inprove reliability of the container
refrigeration apparatuses. BAKGROUND ART A container refrigeration
apparatus for cooling the inside of a container is an exanple of

. . . . . le.
refrigeration apparatuses for perfor frigeration cyc

Pat ent Docunent 1 discloses a cont aﬁr?gggpgfc&?ger ation apparatus of
this type. The container refrigeration apparatus disclosed by Patent
Docunent 1 includes a refrigerant circuit connecting a conpressor, a

condensor, anCexpansifORENAGNEATIBNAPRARRYEPOr at or . The evaporator is
provided inside a container. In the evaporator, a refrigerant absorbs

heat fromthe air inside the container to evaporate, thereby cooling
the inside air. A bypass circuit is provided in the refrigerant
circuit of °t hdEeONALABFELY ef ri gerati on apparatus to supply the
refrigerant conpressed in the conpressor ( so-called hot gas).
directly to the evap§raPal MFERbE2Ep PsWAGetHigwihn tiveraosndensenly to
Speci fically, m%ggreg%pass

improve (%elligﬁhltiy E)f the container refrigeration apparatuses.
BACKGROUND ART
A container refrigeration apparatus for cooling the inside of a container is an
10 example of refrigeration apparatuses for performing a refrigeration cycle. Patent Document
1 discloses a container refrigeration apparatus of this type.

The container refrigeration apparatus disclosed by Patent Document 1 includes a
refrigerant circuit connecting a compressor, a condenser, an expansion valve, and an
evaporator. The evaporator is provided inside a container. In the evaporator, a refrigerant

15 absorbs heat from the air inside the container to evaporate, thereby cooling the inside air.

A bypass circuit is provided in the refrigerant circuit of the container refrigeration
apparatus to supply the refrigerant compressed in the compressor (so-called hot gas) directly
to the evaporator without passing through the condenser. Specifically, the bypass circuit
includes two bypass pipes, and two open/close valves corresponding to the bypass pipes.

20 Each of the bypass pipes communicates a gas line between the compressor and the condenser
and a liquid line between the expansion valve and the evaporator. In the container
refrigeration apparatus, heating operation of heating the inside air with the hot gas flowing
through the evaporator is performed by using the bypass circuit.

Specifically, the heating operation is performed when the inside air is excessively

25 cooled, and the temperature of the inside air is too low. In the heating operation, heating
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Accordingly, the capability of heating the inside of the container is relatively increased.
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SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

In the container refrigeration apparatus of Patent Document | described above, the

15 capability of heating the inside of the container in the heating operation is adjusted by opening

or closing the two open/close valves. However, use of the two open/close valves in the

heating operation complicates the refrigerant circuit and increases costs. In addition, fine

adjustment of the heating capability cannot be made by merely regulating the flow rate in the

bypass pipes by opening or closing the two open/close valves. Thus, the heating capability

20 may be too low to quickly heat the inside air to a target temperature, or the heating capability
may be too high to save energy.

In view of the foregoing, the present invention has been achieved. The present

invention is concerned with providing a container refrigeration apparatus capable of

appropriately adjusting the heating capability in the heating operation using a hot gas bypass

25 circuit,
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IS5 (33), thereby heating the inside of the container. The operating speed of rotation of the

compressor (30) is controlled so that the temperature inside the container reaches the target
temperature.  For example, the operating speed of rotation of the compressor (30) is
increased when the temperature inside the container is significantly lower than the target
temperature, and the operating speed of rotation of the compressor (30) is reduced when the

20 temperature inside the container is slightly lower than the target temperature.
In a second aspect of the invention related to the first aspect of the invention, the
container refrigeration apparatus further includes: a refrigerant amount control section (82)
which performs, in the heating operation, refrigerant discharge operation for allowing part of
the compressed refrigerant from the compressor (30) to flow and remain in a high pressure

25 liquid pipe (25) including the condenser (3 1) of the main circuit (21), and refrigerant feeding
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main circutt (21) or an intermediate pressure compression chamber in the compressor (30)

wherei ; ;
herein the refrigerant amount control section (82) feeds the refrigerant in the high pressure

20 Lo
liquid pipe (25) to the compressor (30) through the supercooling branch pipe (26) in the
refrigerant feeding operation.

According to the third aspect of the invention, in the refrigerant feeding operation
lh . . - . ,
e refrigerant remaining in the condenser (31) or the high pressure liquid pipe (25) is fed to
g .
he compressor (30) through the supercooling branch pipe (26).  This increases the amount
25

of the refrigerant circulating between the compressor (30) and the evaporator (33)
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R s
mpressed refrigerant is increased.  When the evaporator fan (36) is operated, the inside air

20 isactively sent to the evaporator (33), thereby promoting the heating of the inside air.
ADVANTAGES OF THE INVENTION
According to the present invention described above, the operating speed of rotation
of the compressor (30) is controlled so that the temperature inside the container reaches the
target temperature in the heating operation. This allows appropriate and quick adjustment of
25

the heating capability based on the temperature inside the container. Thus, the temperature
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conpressor ( 30))caThusy pleh@: FekihaBi hi 1Y, 9f .t he, cont ai ner

ase refrigerant to the compressor (30) (i.e.,

liquid compression in the compressor (30)).  Thus, the reliability of the container

refrigeration apparatus (10) improves.
BRIEF DESCRIPTION OF THE DRAWINGS

’5 . o . .
[FIG. 1] FIG.lisa piping diagram of a container refrigeration apparatus.
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refrigeration apparatus (10) inproves, BRI EF DESCRI PTI ON OF THE

[ i pi [ f a container
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[ s tion in the
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i i 1 3].:1 Fla 5 shows
eral]lon in the com jpig > %:2%.%5% 1 Y vatade | HO
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i i ng di agreafipn ishowbdiag abdcow or a re
:aZd?ngl (F))pe?ati o%nei n the heating operation. SIP13.5.8 shows how tan

erg: 1]-0: see, tion cdita ¢l sFig. ragh piping diagram showing hea%;'rg g)];ega%()n % !ﬁg cgoling
I\/bﬂl er char: _showi ng the control by:he fan control section.
02.530cligil 2ri 'i“gﬁ OF bl 35113001 hgENTS

[FIG. 5] FIG. 5 shows determinations made by a refrigerant amount determining

section.

[FIG. 6] FIG.6isa piping diagram showing a flow of a refrigerant in refrigerant

releasing operation in the heating operation.
[FIG.7] FIG.7isa piping diagram showing a flow of a refrigerant in refrigerant
adding operation in the heating operation.
[FIG. 8] FIG. 8 shows how a fan control section controls a fan.
[FIG.9] FIG. 9 is a Mollier chart showing the control by the fan control section.
DESCRIPTION OF EMBODIMENTS
3 An embodiment of the present invention will be described in detail with reference to
the drawings. The embodiment is set forth merely for the purposes of preferred examples in
nature, and are not intended to limit the scope, applications, and use of the invention.
A container refrigeration apparatus (10) of the present embodiment cools the inside
of a container which is not shown. The container refrigeration apparatus (10) also serves as
20 alid for closing a side opening of a container body.
As shown in FIG. 1, the container refrigeration apparatus (10) includes a refrigerant
circuit (20) in which a refrigerant circulates to perform a refrigeration cycle. The refrigerant

circuit (20) includes a main circuijt (21), a hot gas bypass circuit (22), and a supercooling
circuit (23).

25 The main circuit (21) includes a compressor (30), a condenser (31), a main

7



[ ] be describ .... in

.]An enthednnent or the present invee;jon wis | (

éé?a%lnmjth reference to the dramnngs. Thelelnbgdhg?LpelsaﬁgtaIgragt
S i :

merely tor the purposes of preferre .gxanp e g ture. and are not
i dtolimt the scope, applica;ions, and use . tior
kﬁggggginer refrigeration apparatus (1;0) of the preSﬁnF en: bodi ng: En
cools the inside of a container Segzgl SShggnggt?:gtfg} ol osi ng

[ [ rrves _ . sing a
Si de. openi ng of Ca SenTaIHER BB “PETHS: CanSH g Feombonanen i
refrigeration amﬂﬁgﬁhﬂgn&JJw&]]) i nuhides a refrigerant C;{gﬁlc e
(20)whion a lefrigeran3 eireuiates ro perforn1a refblge_rfao asy :
bypasa Catda (22] . ang. & super cognng N cui € (AT StS THE it € et

22], ang a supgrcoohng ) f
bypasa ol udos. ]Eﬁmlp' mgs ed ¢f5@)tbn ar G mgf]tﬁe(goﬂaprégbr)(%)% or?e in multiple
st o valve. o e (33) Wiith aré en |aﬁ?y F
[ alve (32), and an evaporator (: [

géﬁﬁgilgg ynssé$éﬁkgfﬁﬂwwgﬁir%ﬁﬁﬁg@namampgpﬁﬁdofgmmonofmgh&mﬁ&&ﬁ(3mis
pressor (30) incluydes_a notor (no; shown) for driving a f
coiriNessicili T ai [espadenses edndfhe eptpatrioo B3 phire Tiveandbe hedfexdnbigers,

: in nuiiiple 5 stages by an invetter.
Spoci 1 cal 1y, ooRRsfRng TR Bt (TbfsunPehoutictioioompy cooritan) i

fi nsand-t ube
i abl e. The 3 d e evapor at or (33) are -
xgg{aexghanger??QgggggﬁfﬁJé%vgg?ﬁépc5H8§E§EF“€§T)m?@“ﬁﬁé@@@uﬁdtgud@w

[ ' [ [ t he condenser
he contai ner. chnle@ttSi)derdam, ()1%@) (B Pis PO 195160% AL ) i .
235). Qutside air and the reffﬁgeranf @kc ange "ReRPPH e ndgnfe rseis

(31). The eVaporatiof n{83) dvspopk@aqed. i MSidS: LREHE QDAL NEL ., A, i0si de
fan (36) is evaporator (33). A drain pan (37) is provided below the evaporator (33). The drain pan
(37) is a flat container having an opening facing upward.  The drain pan (37) collects frost.
ice blocks fell from the evaporator (33), water condensed from the air, etc. The degree of
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An oil separator (40), a check valve (CV), and a pressure regulating valve (38) are
sequentially provided on a high pressure gas pipe (24) between the compressor (30) and the
condenser (31). An oil return pipe (40a) of the oil separator (40) is connected to the
20 supercooling circuit (23). A capillary tube (40b) is provided in the oil return pipe (40a).
The check valve (CV) allows the refrigerant to flow in a direction of an arrow indicated in

FIG. 1, and prohibits the refrigerant from flowing in the opposite direction. The degree of

opening of the pressure regulating valve (38) can be adjusted in multiple stages by the pulse

motor.

25 A receiver (41), a cooling member (42), a dryer (43), a second open/close valve 49),
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bassage (52) is connected to the outlet end of the main passage (50), and the other end is

connected to the low pressure liquid pipe (27). The second branch passage (52) is made of a

refrigerant pipe longer than the first branch passage (51). The second branch passage (52)
includes a drain pan heater (54) which extends in a serpentine form on a bottom of the drain

15 pan (37).  The drain pan heater (54) is configured to heat the inside of the drain pan (37)

with the refrigerant, Thus, the hot gas bypass circuit (22) constitutes g bypass circuit for

feeding the refrigerant compressed in the compressor (30) (a high lemperature and high
pressure gaseous refrigerant d ischarged from the compressor (30)) to the evaporator (33).

The refrigerant circyit (20) includes various sensors.  Specifically, a high pressure

20 sensor (60), a high pressure switch (61), and a discharge lemperature sensor (62) are provided
on the high pressure gas pipe (24). The high pressure sensor (60) detects a pressure of the
high pressure gaseous refrigerant discharged from the compressor (30). The discharge
lemperature sensor (62) detects a lemperature of (he high pressure gascous refrigerant
discharged from the compressor (30). A low pressure sensor (63) and a suction temperatyre

25

sensor (64) are provided on a low pressure gas pipe (28) between the €vaporator (33) and the
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temperature of the refrigerant immediately before flowing into the evaporator (33). An

outlet temperature sensor (68) is provided on the low pressure gas pipe (28) near an outlet of

the evaporator (33). The outlet temperature sensor (68) detects the temperature of the

refrigerant immediately after flowing out of the evaporator (33).

An outside temperature sensor (69) is provided outside the container near an inlet of

the condenser (31). The outside temperature sensor (69) detects the temperature of the
outside air immediately before sucked into the condenser (3 1) (i.e., outside temperature). An

inlet temperature sensor (70) is provided inside the container near an inlet of the evaporator

20 (33), and an outlet temperature sensor (71) is provided inside the container near an outlet of
the evaporator (33). The inlet temperature sensor (70) detects the temperature of the inside
air immediately before passing through the evaporator (33). The outlet temperature sensor
(71) detects the temperature of the inside air immediately afier passing through the evaporator
(33).

25

The container refrigeration apparatus (10) includes a controller (80) as a control unit
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operation” are carried out. How the operations are performed will be described with

20 reference to FIG. 2. In FIG. 2, “SS” indicates a temperature of blown air detected by the

outlet temperature sensor (71) (blown air temperature), and “SP” is a target inside temperature.

When the cooling operation is started, the blown air temperature SS and the target

temperature SP are compared in steps ST1 and ST2.  When the blown air temperature SS is

lower than “SP-0.5°C,” the flow proceeds to the pump down operation described later (step

25  ST8). When the blown air temperature SS is higher than “SP+0.5°C,” the flow proceeds to
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tea: Pei -al -are of bl Owmdet ooi ed 11e5 the
circuit (20) in the receiver (41) (details are described later).

The heating operation is performed when the blown air temperature SS is too low
relative to the target temperature SP. In the heating operation, the refrigerant compressed in
the compressor (30) (so-called hot gas) is fed to the evaporator (33), and the inside air is

I5  heated in the evaporator (33) (details are described later).

When the conditions for step STI0 are satisfied in the heating operation, the
compressor (30) is stopped to enter the thermo-off state (step STI11). Then, in step STI2,
when the blown air temperature SS remains “SP-0.4°C” for 3 minutes or more, the flow
proceeds to step ST9 to perform the heating operation. When the conditions for step ST13

20 are satisfied, the flow proceeds to step S3 to perform the cooling operation.
<Cooling Operation in Cooling Mode>

In the cooling operation in the cooling mode shown in FIG. 3, the first open/close
valve (47) and the second open/close valve (49) are opened, and the third open/close valve
(53) is closed. The pressure regulating valve (38) are fully opened, and the degrees of

25 opening of the supercooling expansion valve (48) and the main expansion valve (32) are

2
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inside air is :mated? ‘irﬁf“@?fé“t fIpwrdpor Bt emet@B)e (raehbise &b )Es desgressedo an
| ater). Vgﬁ cbond|t|ons for step STIO are satisfied in
the beating opeF AL 8 prefSH@ éd’ﬁﬁ}“éé%r%‘fgh W’l’qr@ogltgdbp@é!om lent @ atdhgen

; her: no-oi l Stf%t)v? th’rc§1&l§9}e ecbr-lrogry p’assage (ig) OQ the supe?)cgolmg heat exchanger (44). In the

supercooling heat exchanger (44), the refrigerant flowing through the primary passage (45)

15 and the refrigerant flowing through the secondary passage (46) exchange heat. As a result,
the refrigerant flowing through the primary passage (45) is supercooled, while the refrigerant
flowing through the secondary passage (46) evaporates. The refrigerant flowing out of the
secondary passage (46) is sucked into the intermediate pressure compression chamber through
an intermediate port of the compressor (30).

20 In the cooling operation, the operating speed of rotation (operating frequency) of the
compressor (30) is controlled by the compressor control section (81). Specifically, the
operating speed of rotation of the compressor (30) is controlled so that the blown air
temperature SS approaches the target temperature SP.  In the cooling operation, the speed of
rotation of the outside fan (35) is controlled by the fan control section (83). Specifically, the

25 speed of rotation of a motor of the outside fan (35) is controlled to keep pressure HP of the
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Hawn air .nangetathre 55 remains --sno.rc for 3 mnates dr nore, the
;I bw ftr:teeede to step Stito perfOMthe titt:atiug Opt:tat: On. When
the cc """ rrrrrrrrritt for step Si L3 20;:atktied, Me flow
proceeds to sinp S3 n) Perri:amthe CttChng OPerati On. tz.t _00:ng
Operation in Cool:fig Mbde> in the cooling operationthe cooling
ntorte showmn in Fla 3, the ilf-st openkthx:e valvc, (.41) and the
second opepl eL.- valve 09) are opened, and the thtrd openzei nse
Vakfie (5:3) ihghefegmudeipgeassicanrd @ghﬂdlagh migsuyadenser (6Q)38)staalr e Thiuki gontrol
opened, and the de(%r ees at 25opehi . the_ supercooli nq expansi on
valve Via) and®fiffe ?PEFPﬁmé&EfaﬁH%qdaﬁwgwg the, '@E*Cifané%% in rgffiry %mgys based on a
addust ed. The cgre 1re§? ltlg 5)0u [.he outside fan (35), and the inside
ihn ($6) are oper§ 0 coottiiemside ot e | ger ant  conpresked I n the
compressor (35) is GoRdensad éetrm'tnékﬁ% 05R0)Mo8 1) é;eﬂ%g%t laeg[r%

anti then passes through ece;ver rePert o rarn

Spassed t hrsoughent-her ke68h h’)@)’éns(oﬂ Lvd (l_’,}!)%se& aTg tQéJ&Qreé muﬂeﬁl\éﬁtprﬁﬁaﬁ&ﬁy, the
hritthl pipe (27). and the e;33; of the refrigerant flows into t.

super cool i ng kiegadei dfhoppii?of Ehenamedfpinger ante Bhats pPassedsd MeQUg faegr&eof
h3W. pfeSSSI.e3;"' :kleia pipe (27) s deco pressed by the main

expansi on val verehed ogtte; oy iwrhene tdfeasnt jutlier oughhcevaporat (0) ¢33Jacheh 2;
t he evaporator (33), the pethgerailf absorbs heat et the inside ai 3
te evaporato. PFRIFMINEh &t &F-dan dhe cqoling prskaipn. The vahef santerasiion (82) also

10evaporated i evapor.at or sucked into the conl PEQ knrand
is conpressed® %{aar S degite f°pe"'“?§fg%F é‘prr"%fg'F%?XQa“F'IOB\XﬂW {Fhdgset f the degree

super cooi h ip i ressed, to an nt ernt. e
preks.the @y pasg%}]ﬁeg ot g%%’%ga)'glﬁ Eehd gg%(rp ?tgg 8%%) Sxiecich %‘Yi (%8)'5?3
arei 3hen Sons,fbnQug ﬁa@th@de@r@@ erytlbép%atp)@'ﬁé mtermed'late( ;f}gslurgiefrtgggnt flowing out

super fordi ng heat exchanger (44), in the stipetsnonug heal

i i tstchattger of 44) secdnbey r[ﬁﬂﬁdLC@B)ablnth?Klqucoolma hdah EQUGRet (he) RFdTBICY 2
passage 0:5) 5and the refrigerara flow ng through CS passage (46)

exchange heat preAgerBintesulafue. t he iefrigerant flow nvough the primry
passage (4n) s sapercorded, wink the iefrigerunt
<Pump Down Operation in Cooling Mode>

15 Although not shown, the second open/close valve (49) is opened, and the first
open/close valve (47) and the third open/close valve (53) are closed in the pump down
operation in the cooling mode. The pressure regulating valve (38) is fully opened, and the
supercooling expansion valve (48) and the main expansion valve (32) are fully closed. The
compressor (30), the outside fan (35), and the inside fan (36) are operated.

20 When the compressor (30) is operated, the refrigerant in a line from the fully closed
main expansion valve (32) to a suction port of the compressor (30) (i.e., the low pressure
liquid pipe (27) and the low pressure gas pipe (28)) is sucked into the compressor (30). The
refrigerant discharged from the compressor (30) is condensed in the condenser (31) to become

liquid, and is contained in the receiver (41). Thus, the refrigerant in the refrigerant circuit

25  (20)is collected in the receiver (41) in the pump down operation.
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flow ng through the secondary passage v.,e) evaporates. 1 he

rbf rugenm fl owi ug out of frie vecoflua0 Passage ;46) is mcked inro
the internedi ate pressure 00:02503ifth Oiklthiler through

; MerFnediflte port of the conpressor (30). In the cooine opera , kOn:
the OPera; Pu speed of rotation (operaiing freetheny) of the
munpreacte ;303 is contrinied by the conpressor control

SeCet (33Specil maity, the Opetahilg.: speed of to;ahon of the

coMor eSSOr (30) i slchabydi ddn sperdionoweratiigrspeed of rotation (operating frequoncy)

i "eMper.:-.33:37:app: CGaCheS Nteill peT3h33-, SP:3 t

Opt t ai i gn | A §‘e§ﬁ‘él§EFS?5r(3%fsl ke celﬁtagﬁ iy em}em'e( 35 qutéld& E?HA&% i) qp‘éfatew thehe

fan control Seeti Ch (83) eeff]

notor of the r?)alﬁ“é‘inhépg‘g (‘?@)’ 1#1 tes tﬁ‘et 80"3%8%'0%0&}'&? %e“g?-rlf-‘lnt F tlfehe
hi gh pressure éq%}flsrll(gﬁrant dehg:ted by t he high pressure sensor (60)
constant. The fan contrtii section controk the speed of rotation of
the insidest r@{eg@?bpe@ndﬂ%¢501,§§1q0(§£ages based O; a |load retinded to
cool the inside of the container in the cooli ng (iheration,
the val ve (:(313:: @i thsRetingderhticddy thEEIofihg e ttvenderices teihighpenieagrof
the wai n CXpanSlI CAt Vaht (32) based on the degree of seri-tip:P.
Speci fi cal | y,ant hézhdegrsee gotowspefipngt obmprrecdmai the expransir di0) viabasess 1182)
is controlled so ihtei the degree of superheat of the | ow pressure
refrigerant swgededr i(Hi.ohe h@elwrfﬂﬂr)eﬁ‘sdupm)’“%p*ﬁﬁto%w@%“ d4pr etfethervihed

set va e Si the cooling operalion, the va CCi 82)
al so eent roi SPHEHEYFe@or B¥eltionye B\fap?rpfgr éé)p 2%8899“*}*73 B '%l}“ba&l
viil ye 64?% bagratlon 1s %e.rfh rh eg%gen tﬁe 11‘121 [ t%rln“I e?artul’}ee %tlowepﬁlgn ‘\A\Q % { tlblpéebzgure and

drigiiee oti)f € supercooling expansion va

control I ed squt .laﬁ&e Jf'fh% SRIILR eQ:tessﬁEl Q&ﬁéaeafhegtmg; Bl ptanpediach sk

surc Fit:Fr:ger:an; :lowng tag of the tit de,: y pasiiage vyi n]
()I the SUper.og@tohm .lhlaarat&mimngﬁaurtgl@umlaﬁ%zo, iacir9i predeterm ned
EC. Vah:e. icianthp Down 01;:Tat30::COC.itig Mde> Al t hough

not shown; the secomdicopeing clcosen, dabiend 4@)/cios epeydtlis cand, aidghd thirgni
open/ cl ose vabe 01) and the third openielchie valve (D : hte cl osed
in the punp dwearcloysard Gh iHrpemolde Boolainrgprarpeeal vp (ﬁéisrﬁlrlbfs:@ﬁﬁdézero pulse).
regul atlng valve (38.i is U|I%/ Eencd and t he supeicocline

expansi on Yabere(Fr8topaHd°st Ha've £47atthe Pr@?“ﬁé?&“@\ﬂ)g ‘.’La“\"/&@ea@ztj‘e arrPRrEy

I d 'th 1 d
TS e SPUPAT ISk ST o B U
rCriigerarn i ifsift f?]fl:(l_%!i) er%cj Bvﬁ’leq eeggs%?lfeﬁ (% I%EHBIS Qrgteaal ve ($2) to a

SUCOUf I port ot t gesso hee pressure liquid

pipe ;2 /land the 'ﬂgﬁfr@b%&id{pﬁ‘esg@% Rk Q@mlbrgss&q%qgl fddntb @het Rporator (33)
3:001Patiitiaar 39'6 1 he :eh SgCral d d: NehaVd frOM he cOHt pi cSSOr

a)t condensedhiongi thehot pdsensercirtdi (22)t osgoasane tepkh t@idraiuse LONiR prietsed

tt ;he re;:hie; (.111) rhuS., the re(rigCt3n; in the retrterant

el t79?:: 20 gascous refrigerant flows through the main passage (50), and is diverted to the first branch
passage (51) and the second branch passage (52). The refrigerant diverted to the second
branch passage (52) passes through the drain pan heater (54), and merges with the refrigerant
flowing from the first branch passage (51). The merged refrigerant flows into the evaporator

(33). The refrigerant dissipates heat to the inside air in the evaporator (33).  As a result, the

25  inside air is heated, and the inside temperature can approach the target temperature. The
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ic(20) is collected [33reee 01) kit ;1::: punp down operation.

In thC punp down opettation, the it, perating speed of rotation
(operating frequency) of the conpressor (30) ia kept en talent in
principle. The outside tan (35) is operated at |hrt maxi mum speed of
rotation. This. prornotes the condensation O the refrigerant in

t hEf . Condenser (31), 5<Hea(ing Operation in Cooling Mde> In
t he heati ng; opefrathionlissipat¢dni@atcio ahengyafca@ote3 B howkddnintoi thacayprdstve (30) ghd
let |:SeratB3 'e. and high pressure gaseous istfrigerant conpressed
in the COM .)r ceompespse{ BOFinpypast ns t he condenser (31), the re:', Myer
(41), the sup:fleet:piing heat exchanger (44), and _the main expansion
val ve (32) to flow i df Befrdnerspttraiestdedasyve. irsfoprdng control is performpugthe
tile heating 1.0cocoa, i is. pertthnmed when the inside tenptitarati 2:
is ;riskier thaﬁct{oﬂ%&{’ég’g&ﬁ?'em)er ature, and. the inside of the
etteh..'"" is excessiyel ed t h n 1.0 i
above is per?or: pea |T\rﬁl1grec§?1gr? g{)ry%%?lﬁ%?tg}{t Q%Etg{lﬂhg %{%’g{ldzft %1)8%‘.3§deth9
I'n the heating @9@5@% Iefhend NEF tﬁee&oqlgpissepgw ChR8i8eally ahd/@mbASbr Echtr6lQs&Hn
and the third open/close vatve. (53) is opened. 'thc main expansion
vai ve (32) is fisiytoptrdosedpddamsped sehbiatidchef th onfpessof (30) & @RERALILOS &
val ve 07), the pre.5SUre rt:fg";;;th-H2, valve QGat, and the

super cool i ng e: Xpairdt@PAS dazgctelit by( AR)oudstetehpahjure [sesed(71) apqwaeids phe target
(zero (else). | he conpressor t30) and the. inside fith (36) are

oper at ed, whi | ettp@atgE 8| déort gscifitelly:ite aperptingpefenedfiz of the compressp@o0) can
ref: ' igeran.; conp:tsstti it: the conpressor 00) is ted to the
evapor ator K33) bet%%ﬁf&ﬁf“’c“h@e ﬁﬁ?w‘@%%q”‘ﬁ&‘?gss Cif cUt Specifically,.

t he high tenperature 1%n=tc!urr£'r§t hxlEECS; ;;; T:t 20 gascong rel ngeraint
noWs W Qugh the mai n passage O )), and :t. diverted to the first
branch pnssage (5 }) jand. t.be,.sswend branch 1:K :SSE:Re (52). The
refrigerant diverted to the second branch passage 02) pas.ses through
the drain pan heater fa4)«sang)ri Qges wkh tilt. relitgeratn: flow ng
tramthe first branch passage. (51 ). The inetted refrigerant flows
into the evaporator tid3(]x{TheSsesIsi-gepeist s-ciSs®iSpat es heat to the
insicran in the evaporator 03). Ace. result, the 25 inside air k

heat ed, and Ifhe i nsi de=HImp&r-@SuresSSeby20)approach the targEft
tenperature. The 16 mnmidge:rata dissinated heat in the fniatiorator

(33) is sucked into tHECoRptESSET ECBOF amd: conpr Esseld- fHetSép fopresent the

current blown air temperature, the blown air temperature 5 seconds ago, the blown air

temperature 10 seconds ago, the blown air temperature 15 seconds ago, and the blown air

temperature 20 seconds ago, respectively, and K1 represents the rate of change of capacity
20 required to change the blown air temperature by 1°C.

The refrigerant amount determining section (84) determines whether the refrigerant
circulating in the heating operation is sufficient or not. Based on the amount of the
circulating refrigerant, the valve control section (82) controls the first open/close valve (47),
the pressure regulating valve (38), and the supercooling expansion valve (48), and the fan

25  control section (83) controls the outside fan (35).
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hi the heating Opera:jet: described above, the folthwing coutroi is
performed by the seritions (8i, 82, 83, itt4) The
Dam pressor Unit:701 SentiOn (81) controls the operating speed of
rotation (operating frequency) of the conpressor (30). Specifically,
t he conpressor control section (8 i3 coritrins the operating speed
of rotaiion of the conpressor c¢,30i3 so that the biothn ar
tenperature SS dei ectSpetifipyllyt hige oufrigotntt enger attameniseerrsaion ((B3) makes the
- approaches the large; ienperature SP. More -eel:rice:Hy, the
operating frequétreyingien 6t shote icldfipt es¥isr tieaeficedn am‘&ﬁbde{“mkﬂ@z sedtigie (4)
fromthe tollow ng: equarionsi biz raithere bbruK V. re lva:sr-in/c
/85 -K Kt Sia- spjeterm'f{essm%tdh‘?9'(‘%1"38%“5‘“' refﬂsesans 5 e@%ﬁ@fﬁ%‘{ R° oo pradivess for
ht - Sr515 t h5S20),/ 3i
coefficients, So “B&EIONdsPRy igdEi P5n Y L 81 (@gé% ('reéﬁ? glggeat?m% B Bk Fent”

bowr i r lenpecf%m o réi%sg%@%%ggg%ﬁHpc%alr#@wamsl%evﬁqmé EPerishe:

Mown air tenpe.tet the htown air tenperature a
seconds aiio, apdnt h@fné@laﬂﬁ’%le@dﬂg S RARAI &eWale 20ntD1 Gection BIPopens the pressure
rinmpectiyeiy, anti Kr repreirents the rare ot Ctiangecapaiiiry
20required |id ebangevihesdyommnthaitn coempesiah Weodsates the outside fan BREat a lower
refrigerant anount determ ning section (s::.) determ nes whether the
re:hi:temlt caseed ulmghe3dripdnat eatricrgeroperranith@sgglr atshirt Wetra@disgiged
Based on the amount of the Cztethatthe Rthi:2et-anl, the ,,..ejvc
control sectionfi{BPe yorgiresioe i is sondeiigedsip the for\éﬁé‘ﬁu(%ll) Gadis camlinge iy recqivge
pressure regul ating vathe (32 tad the ex sion .va
(48), and tH& f4n- 288Ents 8% %@F f“c_fﬂge(a@é p f%ﬁ'@fﬁi@g? HE?S%Tq'qﬁT(Pi@th

t hn Speci ficall the refrigs t T

section (84) makes 't e e oo o A e%ntd&ﬁ‘g?ﬁ%?%?t@“’m\/\w 2R fre tauid
refrigerant amoypl..deterihddiing.SeCHEOR &b iHetRrabngsnd.hat (4§heThu< the
anount of the refrigerant is excessive based on the condl tions :bi

Det er mi nati on iipsheWhiciins&orf.. 5 in normal operation (i.e., in the
heating shown in Eta (i), refrigerant rel easing operati on
(refrigerant di schargegoper at c@njliosHovipetdrmingloGl sGvingn P&r. b oi@dieprksants a
the refrigerant rel easing operation, the valve control section (82)
opens the prléss@th@atipregrmpqetilrngowooéinz(3>8ﬁr€ BIRYUTE REthE aﬁrif@mt ¢'@hars@cftq'noﬂie
(83) operates the outside |Inn a tower speed. In

refrigerant rel @49y GpPerigh Prﬁsﬁure ﬁi’&l‘gtem&t’? Xihe r?ﬂr?jff‘tsdr‘ee@'&ﬁr‘"’é”re deresied by the

refrigerant di Sgi%?%%{ge%ln&%%?&fs%gcac(ggp%rﬁsglagS epr sen lBe %Qdeera ﬁ dege(r:l(f({]p the

condenser (31) e recei'ver

art of the refrjger a h
?25) t her eby r%ésgag @Hﬁer 1§re SSJS& @@)d ts??%}fna vaggh Wpﬁ%%&&euhfng%e‘j sart)l!rB%n

t he anpun rlgerant I n heat 1 ng
operation. PartQ rzltn@ chrkequhdng 8fihd gessantr gemnaipned d ﬂamtgmnr.@mgaevemn a

(41) flows into the cool* nmenber ($2). Thus, the inverted circuit is

cool ed. 20  predetermined value, and the degree of superheat SH (DCHS-HP(T)) of the discharged
refrigerant is lower than a predetermined value, it is determined that a two-phase refrigerant
may be discharged from the compressor (30), and the amount of the circulating refrigerant is
reduced to avoid the discharge of the two-phase refrigerant.  When the saturation

temperature HP(I) is lower than the outside temperature AMBS, the pressure in the

25  condenser (31) exceeds the pressure of the high pressure refrigerant, and the refrigerant flows
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Regardi ng the condi dons tbr Determ nation shown in NG 5, HP(T)
represents a saturation tenperature corresponding to the pressure of
the refrigerant discharged fromthe conpressor (30) (high pressure
refrigerant), DCNS represents the tenperature detected by the

di scharge tenperature sensor (62), and AMPS represents the
tenperature detected by the outside tenperature sensor (69).

Specifically, waenorHR dohadi&P1 8 ' the saturation tenperature
corresponding to the pr essur & Z?}ﬂ%@gﬁ’feésﬁ"ep? O &lyeePP)i igopemd. iTous, the
hi gher than a 2@tpuedeihettaMatalie mand eqgr ee of superheat SH
(DCHS-HP(f)) of the discharged r eflérﬂi ger ant(}ulgge Fecr)r%eer?m"te %S set as one of the
predet erm ned vatdgonsi for iDatedetgsim nedhist hatiid 1we: pha ef.ri gerant
i nay he discharged fromthe conpressor (301)], and t leﬁgﬁ%ﬁﬁ?gg Phgr the
circul ating ret igeranidichrgdduoede conausirdshhe w sahatge; 1?‘3 e eni

. . erant
t wo- phase regrlg?erant. When the saturation tenpe:aturc 1- 0? ) §
: OWer than fthe out%i°de*t%8nperature AMBS, the pressure in the
25condenser (3 ) excelgq?se ;tepe lgr essure of the :Ugh pressure _
refrigerant, and the refridg&ratt FBasrergioe whentthertandensennt kimining
when the pressusgidk I atel 1 pve, (38) is_opened. Thus, the
saturation tenper ;it 3@2 HP('T es\rll\ﬂlhathtg‘% a'f‘%’]‘gh of ST Z| ChePrrenpertatcdre the

AMVBS i s set as ondi@f fd:MRecARGLT b NS, termnation 1. This
condition al hws reliable reteasi ng%vgflIll ?ciladrj(tg tg? H?fvthFeé‘f‘SrtP&Er“Qmal operation
di schar ged fr omhevwreincBIpHr.e SpedifichBQIwhtiP ik NEa GUL i se in the
refrigerant telt:as:rig operation. In the t%ref ri Sgge?%"?ﬁ §}rl g’:)é%%hﬁg» of the
operation, Wherfitheeer effridegeriahicharmpunt pdetenFniNg, SE6L o,{84).
determ nes that the amount of the refrigerant is appropriate bas&d™8h
the conditions PIY Beiiitin it ditbimatlionthghowmwi-prabDictiBerabine FLOW 1o be
proceeds to the,n (%Fgre@l} o&er ation showmn in FIG 4, Specifi caf)tl Y,
when the degree of supéf Neat" ¥ BEH541P(T)) of the 110di schar ged
refrigerant is highey, fhan the e|9rt.edet erm ned vai:3e, the flow returns
to the normal operation based on the"detrfiragri onothattentiend wosphase
refrigerant isdpeavabliy net.Rg, diij.chargcd fromthe conprossor (30).
In the norrmal operation, when t ﬁ)z tllreerte&krgg"én ai H’S%h‘i"im PsEh ol deerondingna gor
section (84) dékemmaness iibak intihe at At he.:ell.lgerani is

i nsuffiei ent ba};ed on the conditions ortald@;g %grtatéor"rﬁeﬁré{gﬁg%trfeeémgHleﬁvm‘ofﬂ)n
Fla 5, refrigefent inldéi ng repenat i onnd efkhgel fegdl eration)
shown in F10. 7 is pert:brined. in the reffi gdzr{r.gtaorﬁ)tr ag’dt?%éa?‘%pcgﬁgl egten
the val ve cont %4l orsecihs it (r82ylosspeins (Whendfther Sher@PBIY &hASE yaqa\jev(gg (47),
and t he super coroslsil nge expansi on val ve 14, 11) The pressure regul at)i ng
val ve (38) is CroYedtany he (Rutsilered laanhthe 38ide snkentis 8dpopPSEd. 11N he
the me itaddi nlgfr%%% Lan, thte liquid refrigerant in the receiver
(4i) flows into the 20r nt ePHEdrat’e 'Pridssliveasonphessiion @hanber inionme
the conpressorinesQiathrough i si] Pcreognng branch pipe 126). Thus,
the teirigerant in Itahg hi gho% gsssg)&rc}léa Fiqui g cPiirpeer (3B )hriush g dedre(died)
to the refrigerant pigi ReUl atis NG f.Lhe; t.ing operation, thereby
itiortittsith> the anount of the'gémngﬁ]ﬁtﬁ"ahé%"r‘gﬁf‘g‘i {"W(jlﬂ'% (e Hésdt femgo
operation. M .thi pfighiast Gaseingtiheel guid JHefed.onrail ! in ihe receiver
(41) flows through the cooling rrenberng(EZ) e ﬁ‘lér?ﬂé)lbvcrg%sg itﬁega”?‘ﬁ'ét of the

i nverter circygfeunt circulating in the heating operation.  Also in this case, the liquid refrigerant in the

receiver (41) flows through the cooling member (42), thereby cooling the inverter circuit,

25 L . ..
In Determination 3 shown in FIG. 5, it is determined that the temperature of the
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.25 In Determnation 3 shown in PEG. 5, it is determ ned that the
inniperattift of the refrigerant discharged fromthe conpressor (30)
is abnormal ly high when the saturation tenperature HP(T) is too |ow,
and the degree of superheat SH (DO ST-100); of the discharged
refrigerant rema' ,rudtowe than the predeterm ned value for 10
mnute's. En this case, the anount of the circulating nfrigerant is
increased to r t ree of 5 su eat, SR of the discharged
refrigerant, tlﬁgﬂgée}%f/ dl%?hg gcgtfrf’rﬁgt t Floemp(r:egsr?g?%@slso?bn‘(’%?y. h‘lgﬂ "B8% BB on

3, a conditi Onteﬁul%@éturct rp@(ﬁﬂgﬁ&t ioG«glaédoﬁlﬁcheg}Eel be Ll@ngné?ip SH @géfgﬂfpﬁg)) of the

conpressor (30) reached an upper limt vU Inc I's set.

operating speedscfroct 0dfagck@NeMNaiof ndi B OMPILESSMicrhBO) vl dhoMek it ban,
the upper Iimt value, the operating speed of rotation is incr eased
to increase theisanpunt aoburt e tei dcwdtag irciggeref fsi igesadttp ke aRYdegree of
reduci ng the degree of 0O superheat SH of the discharged refrigerant.
Thus, the degreertst Spétsedichaicd refigermbrieeradpi kicyind the chapged @and In
stabilized by increasing the operating speed of rotation of the
conpressor (i O 'CRAM B’ d? tHEIPRiR, Beprrtincaendmd rapier at ifdke Wewerobee)
above. Thus, t he operating speed rotation N of the conpressor
(30) al ready \r,}ﬁe(;agfgqr?eﬁl ?pﬁ’gr lﬁ%’tﬁ)é’?ﬂ‘f ilsﬁf’e? v‘gigeﬂet?e SREFUEanAST Oﬁé"tf‘tf?epﬁé’ééb?
any nore, the i n [ i i rthromed to, reduce the
Sdogrec of superheat & T B RE BPEHRLYAR B RRL LR o8 LPRAGEN o
the refrigeranicraddidgcopenainhan: orwhen '

determ ning section ($4) determ nes t hﬁdﬁﬁ%ﬁ{ag%%ﬁ?@% rel?lgzg&%e degree of
refrigerant0 i sugppatapt blahe dbasge enighe. condithd @pse Hokupbate s Ratien
4 shown in FIG 5, the flowreturns to the nOM: operation shown in
FI G 4. Speci favedy tby,chygehatdheabgmtdubatricomsitzetpepattiug epdeil PE Motht®n NOtthe
lower than the predeterm ned value, 20 and the degree of superheat
Si| (DCHS- HP( TYYPet°" (fhéhagibs dkar gesent eldfhgeraint disgibaotboki. gReys. thanhe
the predeterm ned value, it .is de‘ltger mned that the tenperature of the
refrigerant di’SChargea” P8 e 8 BeripreLsor) (s rhdpir wpe dtievaluand
e L ow r et g L OOLRSL 0080 26400 g sy bl

heating operation in the cooli1n

the 25ref risgerante #mihtasMr Reliween  the.ampr essor (30) and the
evaporator (33) is increased or 20 decreased so that the degree of

super heat SH di schargedefic@m: Ldie g CRNPILESSON thé %nger’étﬁ@ﬁ%@dertéﬂﬁining section
predeterm ned val ue (a target range), Specifically, when the degree

of superheat $H) dgermowy thpad anohintMé the efftigget @anppr@iikie bhsat bige batiweenNor
the conpressor (30) and the evaporator (33) is released to the high
pressure |iquiPdeptipgoq 28pwn\whdh- §.Hee Hegeees of thsuperlheattioSkhdws ihFigh4.

the brefri gergntgj n t he high pressure | i@ui d pi g)e (25) is added to
the refriger ant it eutst i et MeaveEHE Eohpr &6 Sorr taathe radelctrsd value,

evapor at Or?_{]( 3%1)0” the degree of superheat SH (DCHS-HP(T)) of the discharged refrigerant is not higher
than the predetermined value, it is determined that the temperature of the refrigerant
discharged from the compressor (30) is appropriate, and the flow returns to the normal
operation.
In the heating operation in the cooling mode described above, the amount of the

25 refrigerant circulating between the compressor (30) and the evaporator (33) is increased or

20



In the healing operation, as showmn in FIG 8, the fan control section
(83) controls the inside fan (36). Specifically, the inside fan (36)
is controlled so that the degree of superheat SH of the discharged
refrigerant reaches the predeterm ned vaine (the target range). Mre
specifically, when the degree of superheat SH (DCHS-HP(T)) of the

di scharged refrigerant is |owe than the predeterm ned vidue

(Determ nation ko asel hethit&%i de fan (36) is. stop(gfed based on the
determinati on tRAFSFRRMENES-I5HeE sremea ofd fiarerersiashihe emmesebol GOXrbrehes the

conpressor (30),. [ G 9. hi this case, the refrigerant in
t he evapor at or })( g%rﬂl}"gﬁl%{é (‘E§§Fﬁ r?/rPgeC)On%"gﬁ’g%aﬁ?' ’ "g‘ﬁ‘blth Hireg a5 wptiBeat SH is low,

refrigerant ispitr@duced..i,nto, L, r or . 30Cr))ﬁ plot Ain HG 9).
When Me degr ee of super ﬁéeéa'ltﬂs? l%tﬂg[g%&g%—i&%?%p 6(8? t(*r?g:a?ﬁ %?:-eﬁﬁ?r@téﬂm) is

refrigerant isrdidagherthi hignprtHee &4y j Rat.i ,
the inside t.:fl; (36) is P())per a{l%:gﬂg% Qh?gﬂwgegggéd&%géggﬁpgﬁ%ﬁg ° Q'gn’ %?e
dei erminati on tdirrattietggeousut Guid ger @ntis id8cap pe e d-ahel Yuilgd bl Qeen
the conpressor (30) (plot Ain FIG 9). Thus, the inside air iIs
actively fed t8°CHEewapsratde e(@8)or BHer eby pronoting the heating of
the inside air. As a result, the blown air tenperature SS 2g can

qui ckl'y approach t he™t%r§et"e Cesien ¢ dioan SPFIGCEnthe Bh kinig! ©ien (358 kaeor0

(36) as descri ve .can_reliabiy prevent feeding of the two-phase
refrigerant topltg ﬁrg%?g%gg)ssg?ec'(ﬁ?gl}' ’ e{‘ﬁ K Hedbh Kgoupdtdata b (¢ deree of

[iquid conpressiQheal : CEY-ToT N ?:rgc.s--Avantae o r Em bodil
i 1 e e PR Rt Rbh 2tEi T BuaT EDbULs T er)

heating openat vor ipkitida®, Gatn Gicng : gt eed, of .
rotation of the corFr)pr es?or (30) i sg%gg)ﬁts?]%l Fgﬁéﬂ%fﬁg%ﬁﬁeop%v&m@%eg
tenperat ure SScfreaghéslotvhentrangetdderper bl ©cSRinathus, ot heiammung) of
the eircuiating refrigerant can quickly be adjusted based enhi cA)i'n
ai r tenperat ur@orgs: basgther elpydstriningjontthve thd @@i-pHag refiigerant is contained in the
capahi t hyaci pi | i pdak. . o the ahGSS>ideiiii CaThe(i
emboduner d-, tHEPEFEURY BP! B tHEC 1%t dyevsamte. &b re6igkuamgn e rsabsratot BB is not
conpr essor (316)&%i acgr% thg‘: evg‘{)or ator (33) is adjusted so that the
degrext of supathe St &k B e et HeErle nupEred ige thanempresae s (1ha in

. pl edei enniji i if5i 4,d [ Largel, far:qgird, ecifically, Wen th:
C:.gi'di of sdpe?)he‘g?&ft?‘% {%?"F of %8%',‘“%%’? %@%"ﬁ‘ﬁ@”t"éf*}eid&hﬁ% refigsioyag: is

L (Pe PTG SRR ERR0 3O SHRRRLELE ol 2ot g

rei eased to the high! pressure tiquid pipe e
operal i 00), t hereelysct edutd Mg MR RAOMtheOfsdoNE et 1 frintely :
teftigenut, and nereasa: g"the degree of Og " 3perreﬁregé?mcsa%-|?‘gp#f'§eléaf%d s
prevent the reedpmgeado)(ihe AwoKphasehusehe inges ant ackio:if B€to the evaporator (33)
conpressorheluid co'lrqgi:ssion th the conpressm (30)). Wen the '
,Li egne super BEOY 8FmoHghihe terenghifgly ipiiessur &s Husdd the pevn;a25emdesuadded
Mt he rei n%er%ta. .%erel\/lai ing between the eorriprsot (3(')) and the
e. apor am (33) (T HE PEPHPYRIAHecHERPHY e PR &vord)lingtivensaloyian: (86)os @asatd,
t he &oun) ot th i rcuiati.n efrigerant, and reducing the
degree of . susg(gvﬁg% r?l%gllcycﬁ) reveny Eﬁe@"%‘é{ﬁhept?v& Bt A AEI A Poeresas 0) m the
tenperature ofediR€o&alids L1106 di SCh"gi X; fromthe conpressor
(30), thereby pr o?epgaih%\ngd'{ﬂgﬁ@g%?%%@%’?%fﬁ@”ﬁ% (g%)ovc- deseri hed
enbodni ent, arAadihiki anaiboG@aM i on that the saturation
is higher than the outside tenperature ANift)S is set as the
condi tions for 2i)riThidi@nbngr eh@airichn@s@Ber Mol QN the MRS HANRTEYEN
the refri gzerant w the hTti pressure inid pip;; (25) ioduchng the
condense! '*>( SFy°lippmpicoppasratigyspeddiof yqpaiagot i doh@reb8t (3088 cdulrbIRBSSthat the
circuit (22). 't htis, the re Pigerant mca: 1l;1g operation can rehabj
be perfornmed, and theai the conpreorre,;i be prevented.



nt m eas operation, ;.he nmas.:rte fanis operated.rpu,s,
fgfr?engg;atLe Cowpr%iifiiied rely ureareieaSdi to the condensercan
acuvety be condensed to be the liquid refrigerant. Thus, a arge
anobunt ocan be stored in the condenser (30 of the receiverthereby
performng the rfrrgentnt releasing operation snoothlv and in the
heati ng operation of the abovedescribed erabodirneru,the insir

. o] rheat . SH of the di scharged
rorri gerant reannast Rareref Ss PRI REpeRS « Lbebe Fangey b

i rel yirpn@yentistdie odnl Fiid LCQMRESSSIN l MRS, GONPr essr
Igbf.c$ﬂu:? thgnfiliiﬁifffycgfﬂthg coﬂ?%iner_ré rfbgﬁggygﬁ?¥ﬁ§ GRS
i nproves. adjusting e bdagngreefabiliger anfopliel easi ng operation and the
refrigerant adding operation, the refrigerantthe receiver (4 i) flows
through the cooling fefrbebove4@yribeThinbodiam:,contmbliute #OtRithe MechiBGhe
of the inverter circuit. -Alternative of Enbod yndgn;- In an

al ter nanvc of Pﬁgﬁﬁﬂﬁb&FﬁWﬁﬁF(ﬂhémbﬁégymm@wrdgb@38wumal?emmt&pe?ﬁﬁ<ﬁt
th redetermned.d ee of opening (e.g., the m ninum degree o
opgnipng) in théuPﬁrél‘éat? ghg‘%é'bee?‘%ﬂe?;%eﬁ fsfggﬁtr fr%w’ﬁ;’?g??“?ﬁﬁﬁiﬁ‘;ﬂ“‘?ﬁ”%ie
In this ease, . i.scharg refrigerant |
rgceiber (41),g§%% t gaggygigg?gﬁ1gﬁﬁgfﬁémFgE@|%ﬁfsbﬁﬁPmTPBﬂﬁ hieoegh

t he cooling Weeibﬁfatil(g‘lge}weer-{ Mescoﬁlg'lrass&ebb)amdythcg\%l orgtgre :})nyerlger %i tIilg lflll E)
Thus, the reliability of the corer retngerat: oh apparatUsPiby &
finther i nprovesssure liquid pipe (25) (refrigerant releasing operation), thereby reducing the amount of the
10 circulating refrigerant, and increasing the degree of superheat SH. This can prevent the
feeding of the two-phase refrigerant to the compressor (30) (i.e., liquid compression in the
compressor (30)).  When the degree of superheat SH is high, the refrigerant in the higl;
pressure liquid pipe (25) is added to the refrigerant circulating between the compressor (30)
and the evaporator (33) (the refrigerant adding operation), thereby increasing the amount of
15 the circulating refrigerant, and reducing the degree of superheat SH. This can prevent
abnormal increase in temperature of the refrigerant discharged from the compressor (30),
thereby protecting the compressor (30).
In the above-described embodiment, an additional condition that the saturation
temperature HP(T) is higher than the outside temperature AMBS is set as the conditions for
20 performing the refrigerant releasing operation.  This can prevent the refrigerant in the high
pressure liquid pipe (25) including the condenser (31) from oppositely flowing to the hot gas
bypass circuit (22). Thus, the refrigerant releasing operation can reliably be performed, and
the liquid compression in the compressor (30) can reliably be prevented.
In the refrigerant releasing operation, the outside fan (35) is operated. Thus, part

25  of the compressed refrigerant released (o the condenser (31) can actively be condensed to be

22



| AL ,c\CU 311, 1TV As described above, the
LPEE?IF invention is useful ler a container 20aiparatus which COOS
the inside of the container, DESC Ril7fl oNop REVERE: NCR CHARACTERS
10Cont ai ner refrigeration apparatus 2.0Refrigerant circuit 21Main
circuil 30Conpressor )tCondenser Mai n expansi on val ve

: rator Lonpressor control section 82Val ve
t expanson val ve; 33Evapora np Lon Bzvalve

t ntr ction) '
So0 ! on L0 VAR A S S o oot

(31) or the receiver (41), thereby performing the refrigerant releasing operation smoothly and

reliably.

In the heating operation of the above-described embodiment, the inside fan (36) is

5 controlled so that the degree of superheat SH of the discharged refrigerant reaches the

predetermined value (the target range). This can surely prevent the liquid compression in the

compressor (30).  Thus, the reliability of the container refrigeration apparatus (10) improves.

In the refrigerant releasing operation and the refrigerant adding operation, the

refrigerant in the receiver (41) flows through the cooling member (42). This can contribute

L0 to the cooling of the inverter circuit.

-Alternative of Embodiment-

In an alternative of the embodiment, the pressure regulating valve (38) is kept

opened at the predetermined degree of opening (e.g., the minimum degree of opening) in the

heating operation of the above-described embodiment. In this case, part of the discharged

IS refrigerant is contained in the receiver (41), and the refrigerant in the receiver (41) flows

through the cooling member (42). This can reliably cool the inverter circuit. Thus, the

reliability of the container refrigeration apparatus (10) further improves.

INDUSTRIAL APPLICABILITY

As described above, the present invention is useful for a container refrigeration

20 apparatus which cools the inside of the container.

DESCRIPTION OF REFERENCE CHARACTERS

10 Container refrigeration apparatus
20 Refrigerant circuit
21 Main circuit

25 22 Hot gas bypass circuit



?,a0-igerpha eiteilii (20) which perilmans a refrigeration cycle, and
i t:dudes a main circuit (21) sequeniia4 connecting a
conpressor (30); a condenser (30, al3 eXpai:SiOni Vai Vei (32) aud an
evaporator (33), and a hot gas bypass circuit (.22) through which a
conpressed rthiageran: from nonprosssni 00: bypasses the cc
denser Ct) and the expansion valve ($2) to fliniv into the eVapOnti O
(33); and a COggot sg&%&& Stedori (8; ) Wiitth COfr;:irs Qpera;

i kitg speed of rota:ion of the conptessorthning bearing operation for
iinthirig inside of ao@enithour by the evaporator the conpressed
tutu:go:amcirca:a:nig (CCU, the soinpressor (30) to the cunithessot
(30) through th2 hot Mgasxhypassiveic@dhdbnvad)) and he csaporthail C. 313)
so ; hp; a Tenperature insisk the c.ontaner teaches a target

tenpera: ore. 23The cbnpaitrer biitbiszeratinis

apprii 31US flpriiiing: a. igniusin; assiount coign); :section (82)
: 0301 perfo ms $ i ) t Ne*RHsRFgoloprépat i on, be. frigernbi: isgitiognign
ognni ation tht §doni$a?kpar' of the conpressed refrigerant fromthe
uonpr essor (305~ to HOW ARY™H SFROP frefigerant Ryt qontess i) | qui d pi pe ( 25)
inCli3dirig theg; 20c 3 i) tif the :pain circuit (20, and
refrigerant fegﬁingq%ggﬁgﬁF%%m?or feeding thp rthigniant in the
Line: pressure iiquid pipe (25 to U3C COVpre.ii)r (30), based On a
degret. superheat Sr; of the COClpfl-iiCSOCI refrigerant & l) :tic

cot hpoiniseit 002 lie epfflainer ref.rigpp010: 1pp3faiii.iS
OFCiaiii:fi 2, further CO831lphsing:: a supercooil ag heat
cl,':.changer ($4) provided on the .hirtractre nquid pipe (25); 2:5
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d a supercool i ng branch pi pe (26)_th.r8“gih ‘gh'(gg)tpfov\,s to
anf i gerant diverted fromthe high Pressure iquic fhrough t he high
CuDer o ol the refrigerant in a liquid state flomn?gexchanger (44).
super co liquid pipe (25) in the supercooling hea8 C e i n
pressErﬁ 8fﬂoms into the | ow pressure gas pipe (2-)nochanber in the
a'mr]lchite (21) or an internediate pressure Conprf};fllt Oam)unt cont r ol
o ressor (30), wherein the rELthﬁ ressure |iquid pipe
ConP'On (82) feeds the refrigerant in the 'NFI/Fi branch pi pe
?Sg)lto t he conpressor (30% trrogggpé?:tfgh 10 4 Thg cont ai ner

i frigerant itheclin :
§§f63| Iggr;th?o:]eappgr atds G fA@braﬂm&ﬁ«rggrtagc;nagéhiagﬁg%np%;ﬁg['hﬁ' ?35) of the

83) which ope

condenser (31) i n the &“é‘i‘%‘fra@wr&m@(ﬁmd;wh(aefé%?n@gaf;%éédﬁgg%y{aga%@mc d by
co | section
the refriger a‘nz1 ag?;?h chpt%?%I%cgcugr (23) sfauertiler ceaegangd Si %r)sr%sseoﬁ (3%~'a
refr|geraELgp sggt|on £:83) ok t he heating Opera.;leonzmfj
evaporator Pm ($6) of the evakio?a’ipW‘O?%‘)e(Wé""mh@pm(B

fromthe conpressor
erheat Stl-1 of the conmlgggdggy e rcu %2 O AT ARG,
?Fg) is lower than a predeterm ne ed v gﬁﬁ’@b

erheat 511 of
lan ($6) of the evapottha’c@tfpre(sﬁﬁboy\’ﬂﬁagsséshﬁe Q)r%ge'}ls%gl(ﬁ} g@)tl?q EPHisigherivt Bano
the conpressed refrigerant 20fromthe conp

t he predeterm ned. valﬂ@ﬂﬂ“omeewmmamr83)and

10 a compressor contro] sectlon (81) which controls operating speed of rotation of the

compressor (30) during heating operation for heating inside of a container by the evaporator

(33) with the compressed refrigerant circulating from the compressor (30) to the compressor

(30) through the hot gas bypass circuit (22) and the evaporator (33) so that a temperature

inside the container reaches a target tem perature.

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

a refrigerant amount control section (82) which performs, in the heating operation,
refrigerant discharge operation for allowing part of the compressed refrigerant from the
compressor (30) to flow and remain in a high pressure liquid pipe (25) including the

20

condenser (31) of the main circuit (21), and refrigerant feeding operation for feeding the

refrigerant in the high pressure liquid pipe (25) to the compressor (30), based on a degree of

superheat SH of the compressed refrigerant from the compressor (30).

3. The container refrigeration apparatus of claim 2, further comprising:

25 a supercooling heat exchanger (44) provided on the high pressure liquid pipe (25);

25



10

20

and

a supercooling branch pipe (26) through which the refrigerant diverted from the
high pressure liquid pipe (25) flows to supercool the refrigerant in a liquid state flowing
through the high pressure liquid pipe (25) in the supercooling heat exchanger (44), and then
flows into the low pressure gas pipe (28) of the main circuit (21) or an intermediate pressure
compression chamber in the compressor (30), wherein

the refrigerant amount control section (82) feeds the refrigerant in the high pressure
liquid pipe (25) to the compressor (30) through the supercooling branch pipe (26) in the

refrigerant feeding operation.

4, The container refrigeration apparatus of claim 2 or 3, further comprising:
a fan control section (83) which operates a condenser fan (35) of the condenser 1))

in the refrigerant discharge operation performed by the refrigerant amount control section (82).

5. The container refrigeration apparatus of claim 2 or 3, further comprising:

a fan control section (83) which, in the heating operation, stops an evaporator fan
(36) of the evaporator (33) when the degree of superheat SH of the compressed refrigerant
from the compressor (30) is lower than a predetermined value, and operates the evaporator fan
(36) of the evaporator (33) when the degree of superheat SH of the compressed refrigerant

from the compressor (30) is higher than the predetermined value.
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