
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
US007302807B2

(12) United States Patent
Yakumaru et ak

(10) Patent No.: US 753025807 B2
(4s) Date of Patent: Dee. 4, 2007

(54) RKI(RI(ik:RATI)G CYCI.I( DFYICK

(75) Invmitors: Yuuichi Yakumaru, Osaka (Jp).
Masami Funakura, Osaka (JP):
Fumitashi Nishiwal i. Hyogo (JP).
xioriho Okaza. )higa (IP)

(73) Assignee Matsushita Klectric Industrial Co.,
Ltd., Osaka (JP)

(
e

) Notice: Subject to any disclaimer, the tenn of tlus
patent is extended or adjusted under 35
U S C. 154(b) by 558 days.

(s()

JP
JP
.IP

JP

I 'Oltl il(iN PA I I:N'I D(X'I )MI (N IS

(9-225255
07-018602

29/3 1 6fi 8

2000-088360

12 1984

3 199(
«,i199ii

3I2000

Refcrcnces Cited

U.S. PATENT DOCUMENTS

fx IO(.38(i 4 s 820(lo Ruroda ct al ..... 62I513

(21) Appl. Nox 10/501,748

(22) PCT Filed: Mar. 27. 2003

(86) PCT Nox PCT/JP03/03782

ss 371 (c)(1),
(2), (4) Date. Jun. 30, 2004

(87) PCT Pub. No.. WO03/083381

(65)

PCT Pub. Date: Oct. 9, 2003

Prior Publication Data

US 2005/0061011 Al Mar. 24, 2005

(30) Itoreign Application Priority Data

Mar. 28, 2002 (JP)
Jun 27, 2002 (JP)

..... 2002-092139
2002-1 ik8661

(51) Int. Cl.
FZ58 Z77//0 (200(i.01)

(52) U.S. ('I. 62/238.6: 62/527: 62/468,
62/196 4, 62/244; 62/238.7; 62/19(i 3; 62/434

(58) Field of Classification Search .................. 62/527,
62/468. 196 4, 241. 238 6, 196 3, 512

(Contnlucd)

OTHER PUBLICATIONS

(57) ABSTRACT

In a refrigerating cycle device using carbon dioxide as a
refrigerant. there exists a problem that the provision of a
receiver at a low-pressure side increases cost and volume
due to a pressure resistance design necessary for ensurin
safety. By adlusting a rclrigerant holding quantity of a lira(
heat exchanger in such a mmuicr that a refngcrimt prcssure
of the first heat exchanger 13 is changed by operating a first
decompressor 12 and a second decompressor 15, an imbal-
ance of a refrigerant quantity benveen time for space cooling
and tnne for heating or dehumidifyin can be alleviated and
hence, It is possible to perforni an operation of the reikig-
craung cycle device with lugh ellicmncy w Ith a nuniaturizod
tcccivcr or without ptovldnlg thc receiver.

Japanese International Search Report ioi PCTIJP03,I03782, dated
.Iul 22, Ztlol

(('ontimied)

i'rimar) /:'xaminer/ Cberyl tyler
Assist«nt /hiaminee limily Iris Nalven
(74) Attnrnei, Agent, «r i'irm Ratnerprestia

See application file for complete search history ll Claims, 14 Drawing Sheets



US 7,302,007 B2
Page 2

ItORI',I(IN PATIIN'I'JO('UMI!N'I'S WO WO 93 06423 4,r(993

2000-274890
2001-221458 A
Zb()2-019443 A
2002-081768 A
2002-08r)883

WO 90 07683

10t200(t
8t2001
I 2(102
3 2002
Jt200Z
7 1990

OTHER PUBLICATIONS

Intetnattonal Prclmunary llvamtnatton i(open for 9('I .IPZ003t
00 782, dared Jun 22. 2004

"'ited by examiner



U.S. Patent Dec. 4,2007 Sheet 1 of 14 US 7,302,807 B2

1.9

Fig. 2

15

13



U.S. Patent Dec. 4,2007 Sheet 2 of 14 US 7,302,807 B2

]5 24



U.S. Patent Dec. 4,2007 Sheet 3 of 14 US 7,302,807 B2

Fig. 5

Fig. 6

15



U.S. Patent Dec. 4,2007 Sheet 4 of 14 US 7,302,807 B2

12



U.S. Patent Dec. 4,2007 Sheet 5 of 14 US 7,302,807 B2

S4



U.S. Patent Dec. 4,2007 Sheet 6 of 14 US 7,302,807 B2

specific enthalpy



U.S. Patent Dec. 4,2007 Sheet 7 of 14 US 7,302,807 B2

Fig. 10

119

130

Fig. 11

113

119

130

131



U.S. Patent Dec. 4,2007 Sheet 8 of 14 US 7,302,807 B2

134

113

119

130

131

Fig, 13

134

113

119

130



U.S. Patent Dec. 4,2007 Sheet 9 of 14 US 7,302,807 B2

Fig, 14

9 1c

specj.fxc enthalpy

S14

S14

S14



U.S. Patent Dec. 4,2007 Sheet 10 of 14 US 7,302,807 B2



U.S. Patent Dec. 4,2007 Sheet 11 of 14 US 7,302,807 B2

S15



U.S. Patent Dec. 4,2007 Sheet 12 of 14 US 7,302,807 B2

Fig. 19

103

10

101



U.S. Patent Dec. 4,2007 Sheet 13 of 14 US 7,302,807 B2

Fig, 20

isothermal line

specific enthalpy



U.S. Patent Dec. 4,2007 Sheet 14 of 14 US 7,302,807 B2

Fig. 2j

200

150

0

-10 0 10 20 30 40 50 60 70

f, (C)



US 7,302,807 B2
1

REFRIGERATING «YCLE DEVICE

'IBIS AVVI,I('ATION IS A U 8 NA'I'IONAI, VHASII
AVVI I«A'I ION OI'("I'N'11IRNAI'IONAI AVVI.I«A-
TION PCT/JP03/03782.

'I'I I('I IN I«AI. I)II II.IJ

The present invention relates to a refrigeratin cycle
device which uses carbon dioxide as a working medium Io
(hermnafter refi:rrcd to Bs COI rcfn crani).

BACICGROUND ART

Recently, in re ard to a worl ing medium used in a
relrigcratulg cycle device. a convennunal CFC refngcran! or
an HCFC refrigerant wluch Is considered to impart a harm-
ful influence to an omne ffiyer is being replaced with an
I II)('efrigerant or an I I('efrigerant whose ozone destnic-
tion coefficient is zero. wherein the HFC refrigerant or the zo
HC refrigerant is used as a substitute refrigemnt.

However. the HFC refrigerant has, as its material prop-
erty. a drawback of lrdving a large eduh wamung cocflicient,
wlulc the HG rcfngcrant has a drawback Ihat tlm relngcrmlt
is strongly flmmnable although its earth warming coefficient
is snlall. 1)urther, an anlmonium refrigerant v hich has been
used conventionally has a drawback that the refrigerant is
strongly flanunable and has toxicity although the earth
warming coefficient is zem.

Accordin ly, an attention Is filcused on a ('0 refrigerant lo
which exhibits substantially no earth warming, coeflicient as
a material, is nonflammable. nontoxic and can be manufac-
tured at a low cost. However. the C:Oc refrigerant has B lov
critical tempemture of 31.1" C:. and hence, the condensation
ol'Ihe COB refrigerant Is not gcncraled std lugh prcssure side ls
ol'a usual rcfn crating cycle device.

In view of the above, as shown in FIG. 19, in Japanese
Patent Publication 2132329 (Japanese Examined Patent
Application Pubhcauon 7-18602), by pruvldmg Im intcnml
heal excluulgcr 103 which perl'orms heat exchange between do
an ouIJct lute of a cooler 102 at the lugh pressure side and
a suction line of a compiessor 101, the outlet of the cooler
102 is supercooled, wlule a klw pressure receiver 106 is
provided as capacity control means which adjusts Bn amount
of refrigerant. The entire disclosure of Japanese Patent d-

Publication 2132329 (Japanese Examined Patent Applica-
uon Pubhcatlon 7-18602) m incorpurated hcrcul by rcfcr-
cncc ul us cnllrct)'.

Further. ii ith respect to a room air conditioner or B car air
conditioner for space heatmg and cooling. an indoor-side o

heat exchanger Is required to be nnluaturizcd, while an
outdoor-mde heat exchanger Is large-sized compared to thc
uldoor-side hcdt cxchangcl Io saltsiv cnclgv silvul B! thc
tinle of space cooling attnbuted to the enhancenlent of
condensing capacity and the enhancement of capacity at the s

time of space heatin attnbuted to the enhancement of the
heat absorbing capacity. Accordingly. an optimum refnger-
ant quantity which mlables an opcrauon with high cfficimlcy
at Ihc coolulg opcranon In which Ihc outdoor-sale heat
cxchtingcl hdvlng B bilge volinnc BssUnlcs a high-pliwsUrc so
side and the condensing of refrigerant having high density Is

performed beconles larger than an optiimun refrigerant
quantity at the time of heating operation and hence. It is
efl'ective to use a receiver w hich also substantially performs
a buffer hinction. ss

Further. in .Iapanese Patent Publication 2931668. as
shoivn in I'IG 19. to minimize the energy consumption of

thc device for B given capacity demand. Ihe degree of
opening of a throttle valve 4 is adjusted in accordance ivith
a predetermined I slue

'I'hat is, as shown in l)IG. 20. when a refrigerating cycle
having a lugh pressure of P is changed to a refrigeratin
cycle bavin a lugh pressure of Pl, the increase of enthalpy
dilfcrmlcc ol' rcfhgcratulg capacity Q becomes higher than
the increase of enthalpy diflcrcnce ol'an ulput W and hence,
('OV is increased I iowever, when the refrigerating cycle
having the high pressure of VI is changed to a refngerating
cycle having a high pressure of V2. the increase of the
enthalpy difference of the refrigerating capacity Q reversely
becomes smailer than the increase of the enthalpy difference
of thc input W Bnd hmlcc. thc COP Is lowered. That Is, as
uldlcdlcd bv Ihc rchlgcrtilulg cv'ch: havulg thc high prcssiilc
of Vl shown in I)KI 20. the ('0 refngerant has a high
pressure at which the «OV beconles maxi nlum theoretically

l)urther, the heat pump cycle ('OV is a cycle which is
obtained by adding I to the refrigeratin cycle COP and
hence, also in a case of the heat pump cycle, a value of the
high prcssure which ensures thc maximum COP (hercinal'ier
referred to as high-side pressure) bccomcs ixpial to B value
of the high pressure of the refri crating cycle

I'he refrigerating cycle shown in 11(i 19 can be used as,
for example. a space cooling device

However. the provision of the receiver at low pressure
brings about drav:backs such as the Increase of cost and the
incrcasc ol'olume. To take a fact that, In an actual-usc

operation range, the prcssure of thc CO, refmgcrtmt becomes
extremely high compared to the I I('l)«refrigemnt and the
I Il)(.'efrigerant ivhich are used In the conventional refrig;
crating cycle device into consideration, the pressure resis-
tance design filr ensuring the safety becomes more severe.
Particularly, vvith respect to air conditioning of a car. the
liirthcr reducuon ul Volume and thc further rcducuon of
weight drc lcxlucslcd.

Furtlmr. In gcncral, with respect to u device which per-
forms space cooling, space heating/dehumidifyulg it is
necessary to compress a refrigerant at a pressure which is
higher than a pressure necessary for a cooling device.
Further. a temperature of the refngerant compressed by a
conlprcssol ul thc ilcvlccwhich pcliornls space hc'dnn /
dclnunuhfying bixomcs higher thml a correspondulg pres-
s))to'l lhc ilcvlcc v,'hick pcllornls space coohng

'I'hat Is, when a device is used as a dehunudifying device
v hich performs cooling. heating or dehunlidifying by add-
in a hot water cycle to the conventional refri crating cycle
in FICI. 19. it is necessary to opemte the device at B

higher-sale pressure. Further. a tmuperdturc of B radiator Is
cicviitcd tuul d conlplcssion rtitli) ls ulcrctiscxl.

Accordulgly, when B device is us)xi as a dehumiddier
which perfilrms cooling. heating or dehunlidifying by add-
ing the hot water cycle to the conventional refngerating
cycle shov:n in FIG. 19. following dmwbacks ause.

That is. vvhen the temperature of B radiator is high, that is,
when an ambient temperature of Ihc radiator Is high or a
small-sized rdihator is used. Ihc opcrauon ol'hc device al
thc high-side prcssure which is consldcrcd to minimize thc
energy consumption increases the compression ratio and
hence, there arise dmwbacks that the efftc)ency of a com-
pressor is largeiy loitered and the reliability of the com-
pressor may be deteriorated. Further, since the high-side
prcssUU: Is high, Ihc press))le rcslstancc ih:sign fol c'nsUnng
thc sBR:I)'cconlcs Biol'c sci OI c.

Furtlmr. B rcfngcrdni holding quanuty at lhc Iugh prcssure
side of the refrigeratin cycle device differs between time tilr
space heating/dehumidifying and time for space cooling and
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hence, an imbalance is gcncralcd with rcspiml lo lhe opti-
mum refri erant quantity Accordingly. it is necessary to
eliminate the imbalance of the refrigerant quantity between
tinie for space coohng and time for space heating/delmnndi-
fying by adjusting the refri emsnt holding quantity in the Iirst
heat exchanger 13 by changing middle pressure.

I)lg('I Ogi)I(l: Oli 1'Illi INS/I,N'I ION

In vievv of the above-mentioned problems, vvith respect to in
a refrigerating cycle device wluch uses a CO, refrigerant. it

is mi oblcci of thc prcscut uivcntion io provide a rclhger-
aling cycle device and an opcrauon method of lhe rcluger-
ating cycle device which can realize an etficient operation,
while ensurin the reliability, by making use of the features
of a ('Oa refrigerating system and by miniantrizing or
eliminating a low-pressure receiver.

Further. in view ol'hc above-mcnuoned problems. with
rcspcci to a dehumidifyuig dcvicc which uses a COS refng-
cranl, il is an object of lhc prcscnt uivcnlion lo provide a zii

delnuiiidifying device and a dehumidifying inethod which
can realize an eiiicient and reliable operation while elimi-
nating an imbalance of an optimum refrigerant quantity
between time for space cooling and time for space heating/
dehumidifying by makuig usc of thc features of a CO„
relrigcratuig system aud by adlusluig an inlcmiedmle prcs-
sure without clevatuig a lugh-side prcssiiic.

1'o solve the above pmblems, a first aspect of the present
invention is a refrigerating cycle device comprising a cont-
pressor (10), a refrigerant-v ster heat exchanger (11). a hrst io
deconipressor (12). a first heat exchanger (13). a second
diwompressor (15), a simoud heat cxchangcr (16), an internal
heal cxchangcr (17) and a hot water cycle (17, 18, 19, 20),
wllcrciil

said hot water cycle (17, 18. 19, 20) includes a heater core ii
(19) ivhich sucks hot water at the downstream side of the
refrigerant-water heat exchanger (11),

said compressor (10) compresses a refri creat which is
carbon dioxide,

wiid refugerant-water heal cxchan cr (11) pcrlomis heal so
exchange belwccn said compressed rcfngcranl and lhc hol
water in said hot water cycle (17, )8. 19, 20),

said first decompressor (12) decompresses or does not
deconipress said compressed reibigemnt,

said first heat exchanger (13) performs heat exchange of 1-

said refrigerant which is decompressed by said first decom-
prcssor (12),

enid inlcmal heat exchmigcr (14) pcrfonns heal cxchangc
betiveen said refrigerant which is subjected to heat exchange
by said first heat exchanger (13) and said refrigerant sucked
by said conipressor (10),

said second decompressor (15) decompresses said refrig-
erant which is sub)ected to heat exchan. e by said interrml
llctu cxchailgcr (14),

wiid sixond heat cxchaugcr (16) pcrfonns heat exchange
of said refngerant which is decompressed by the second
decompressor (15), and

a rel'rigerant prcssure ol'md lirsl heat cxcltan er (13) is
cluuigcd by opcrauug said lirsi ihwompressor (12) and/or
smd second dccompressor (15) so as to adjust a refn ermil io
ho)din quantity of said hrst heat exchanger (13) whereby an
imbalance of a refrigerant quantity benveen time for space
cooling and time for space heatin /dehumidifying is allevi-
ated.

Further. a second aspect of lhc prcscnl mvenuon is a si
refrigeratin cycle device according to the first aspect of the
present invention, wherein said refrigerating, cycle device

composes compressor disc)targe tmupcraiure detection
means (35) which detects a discharge tempensture of said
compressor (I 0). compressor suction teniperature detection
means which detects a suction tempensture of said compres-
sor (10) or compressor dischar e pressure detection means
v hich detects a discharge pressure of said compressor (10),
and

the adlustmcnl of lhc rcfrigcrani holding qumitily of said
first heat exchanger (13) by chan in refrigensnt pressure of
said first heat exchan er (13) means to contnil said second
decompressor (15) using a value detected by ssid compres-
sor discharge temperature detection means (35) said com-
pressor suction temperature detection means or said com-
pressor discliargc prcssure detection means.

Furllmr, a tlurd inveniion of thc present invention is a
refrigerating cycle device accordin to the first invention of
the present invention, wherein said refrigerating cycle
device comprises a first bypass circuit (22) which connects
the dischar e side of said conipressor (10) and the inlet of
said first heat exchanger (13) by way of a first open/close
valve (21).

Further. a four(It iiliclltlon of lllc prcscill invention ls a
refrigerating cycle device accorduig to the third 1m ention of
the present invention. ivherein said refrigeratuig cycle
device comprises a first heat exchanger teniperature detec-
tion means (36) vvhich detects a refrigerant temperature of
said first heat exchanger (13) and

said first decomprcssor (12) or said lirsi open/close valve
(21) is controlled using a value which is dctccicd by said first
heat exchanger tempeusture detection means (36).

liurther, a fifth aspect of the present invention is a refrig;
crating cycle device according to the first aspect of the
present imention, wherein said refrigemting cycle device
comprises a second bypass circuit (24) wlfich connects the
inlet and thc outlet of snid second heat exchanger (16) by
way of a second open/close 1 alve (23).

Furllmr. a sixth aspcwl of lhc present uiveulion is a
refrigerating cycle device accordin to the first aspect of the
present invention, ivherein said refrigerating cycle device
comprises a third bypass circuit (26) which connects an inlet
and m outiet of the first heat exchan er (13) by way of a
tllird open/ckisc vali c (25).

Furllmr, a scvcnUt aspect of the prcscnt uivcnlion is a
rcfngcrating cycle device according io thc first aspect ol'hc
present invention, wherein said refrigemsting cycle device
comprises a fourth open,'close valve (27) at an inlet of said
first heat exchanger (13).

Further. an eighth aspect of the present invention is a
relrigcrating cycle dcvme according lo lhc lirsl aspect of lhe
prcscul invention, v,herein said refugcraling cycle device
coiilpriscs.

a hfth open/close valve (28) which is disposed benveen an
outlet of said refrigeusnt-water heat exchanger (11) and said
first decompressor (12);

a first three-vvay valve (30) wlfich is disposed betvveen an
outlet ol saul lirsi heat cxchmigcr (13) mid an inlet ol'aid
iiilcriial hCSI cxCllallgCI (14):

a fourth bypass circuit (29) wluch is connected by lmvuig
one end thereof disposed between an outlet of said refrig;
erant-water heat exchanaer (11) and an inlet of said fifth
open/close 1 alve (28) and the other end formed of said first
three-way vaive (30);

a second thrcc-v ay valve (31) which is dwposcd beiwemi
an outlet ol'aul uitcnui1 heal exchmigcr (14) and an inlci of
said second dicomprcssor (15);

a fifth bypass circuit (32) ivhich is connected by having
one end thereof formed of said second three-way valve (31)
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and thc other cnd thcrcol'fspo sad between an outlet of smd
fifth openiclose valve (28) and an inlet of said first dtxont-
pressor (12);

a sixth bypass circuit (34) which is connected by having
one end thereof disposed betv een an outlet of said first heat
exchanger (13) and said first three-way valve (30) and the
other cnd thcreol disposed between said sccontl tlucc-way
i alvc (31) and said second decomprcssor (15) and by way of
a sixth openiclose valve (33); and

refri erant circulation mode changeover means which ia
selectively changes over a steady mode in which the refrig-
erant winch is flown out from said refrigerant-water heat
exchanger (11) is circulated by way of said fifih open/close
salve (28) and a start mode ui which thc refrigerant is
circulated in said I'ourth bypass circuit (29) and saul lifih
bypass circuit (32)

I'urther. a ninth aspect of the present invention is directed
to an operation method of a refrigerating cycle device for
operating a refrigerating cycle device vvhich comprises a
compressor„a refri erant-v ater heat exchanger. a tirst to
dcxomprcssor. a lirst heat exchanger, a second dixomprcs-
sor. a scxond hut t exchanger, im intcntal heat exchanger and
a hot water cycle,

said hot water cycle having a heater core which sucks hot
water at the downstremn side of said refrigerant-water heat
exchanger. ivherein

said compressor compresses a refri erant which is carbon
dioxiilc,

snid refngermit-water heat cxcltangcr perlbrms heat
exchange between said contpressed refrigerant and hot water io
in said hot ivater cycle,

said first decompressor decompresses or does not dtxont-
press compressed said refrigerant.

said first heat exchanger performs heat exclmnge of said
rel'rigcrant wluch is dccompresscd by said lirst dixomprcs- si
sol;

wiid intcmal heat cxchaugcr perfonus heat exchange
betiveen said refrigerant which is subjected to the heat
exchmtge by said hrst heat exchanger and the refrigerant
sucked by said compressor. so

said second decompressor decompresses said refrigerant
wluch is subjected to thc heat exchange by ward mtcmal heat
i:xcltallgel;

snid second heat exchanger pcrfumts heat cxchangc of
said refrigerant which is decompressed by said second
decompressor. and

a refri emant pressure of said first heat exchan er is
changed by operatin said first decompressor and/or said
second decomprcssor so as to adiust a relbigcrmtt holdutg
qumtuty of said lirst heat exchanger whereby an imbalance o

ol'a refrigerant quanuty between time for space cooling and
time for space heating/dehuniidifying is alleviated

Further. a tenth aspect of the present invention is directed
to a dehumidifying device which comprises a compressor
(11), a refrigerant-water heat exchanger (111). a first decom- s.
prcssor (112). a lirst heat cxclranger (113), a second dccom-
prcssor (115). a second heat cxcltan cr (116), mt internal
heat exchanger (114) and a hot water cycle (117. 118. 119,
120),

said hot water cycle (117, 118, 119, 12(1) having a heater ro
core (119) which sucks hot v ater at the downstream side of
said refrigerant-water heat exchanger (111) wherein

wiid compressor (110) compresses a relbigcrmtt winch is
carbon dioxide,

wiid rclhgcrant-water heat cxchangcr (111) perfornw heat si
exchmtge beuveen the compressed said refrigerant and lmt
water in said hot water cycle (117. 118, 119. 12(l),

said Iirst dccomprcssor (112) dixompresscs thc com-
pressed said refrigerant,

said first heat exchmtger (113) performs heat exchange of
said refrigerant v:hich is decontpressed by said first decom-
prcssor (112),

said internal heat exchan er (114) performs heat exchange
between said refrigerant xvhich is subjected to the heat
exch m e by said first heat exchanger (113) and a reibigemant
sucked by saul compressor (110),

said second decompressor (115) decompresses said refrig;
erant which is subjected to the heat exchange by said internal
heat exchanger (114). and

said second heat exclmngcr (116) performs lmat cxchim c
of saul rcl'rigcrant v:hich is decomprcssixl by said sixond
decompressor (115)

Further. an eleventh aspect of the present invention is
directed to the dehumidifying device according to the tenth
aspect of the present im cntion. whcrcin thc dchunudil'yuig
device composes scconil heat cxclranger rclbigcrmu tcm-
pcraturc dctcction means (130) which detects a tcmperaturc
of said refrigerant in said second heat exchanger (116), and

said second decompressor (115) has a decompression
level thereof controlled in response to the temperature
dctixtcd by said second heat exchmtgcr tempcraturc detec-
tion means (130).

liurther, a uvelfth aspect of the present invention is
directed to the dehumidifying device according to the elev-
enth aspect of the present invention. wherein said tirst
dixomprcssor (112) has a dccomprcssiou lcvcl thcrcof con-
trolled ut response to smd temperature detcctcxt by said
second heat cxchangcr temperature detection mcims (130).

Further. a thirteenth aspect of the present invention is
directed to the dehumidifying device according to the tenth
aspect of the present invention, wherein the dehumidifying
device composes lirst heat exchanger rcfrigcrmit tempcm-
turc detection means (131) wluch dctccts a tempcmture of
said refrigerant in said first heat exchanger (113), and

said first decompressor (112) has a decompression level
thereof controlied in response to said tempemture detected
by said first heat exchanger reliigcrant temperature detection
means (131).

liurther, a fourteenth aspect of the present imentioo is
directed to the dehumidifying device according to the tenth
aspect of the present invention, wherein the dehumidifying
device comprises blow-off air temperature detection means
(134) vvluch detects a tempcraturc of blow-oil'air blown ufi
by vvay of saul hcatcr core (119) and compressor operatuig
frequency control means (132) which controls opemating,
frequency of said compressor (110), and

said compressor operating frequency control means (132)
controls the operating frcqumtcy ol'aid compressor (110) in
rcsponsc to saul dctectcd air icmpcrature.

liurther, a fifieenth aspect of the present invention is
directed to the dehumidifying device according to the tenth
aspect of the present invention, wherein the dehumidifying
device comprises discharged refrigerant tempemature detec-
tion means (133) which detects a discharged refrigerant
tcmperaturc ol'aid compressor (110) and

a bypass circuit (136) ivhich bypasses between an outlet
of said second heat excltnnger (116) and an inlet of said
compressor (110) byway of an open/close valve (135) and

saul open/close valve (135) has operung and closutg
thereof controlled in response to said detected discharged
refrigerant temperature.
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FIG. I is 0 view of 0 refrigerating cycle device according
to an embodiment I of the present invention.

FIG. 2 ls a view ol'a rcl'ugeraun cycle device according
tn mi cmbndunnu 3 of Ihc prcscni uivenuon. 40

FIG. 3 ls a view ol'a rcl'ugeraun cycle device according
tn ao 0'nlboduueflt 4 of the pl'eserlt iflveutton

FIG 4 is a view of a refrigerating cycle device according
to an emboihment 5 of the present invention.

FIG, 5 is a view of a refri crating cycle device according 4-

to an emboihment 6 of the present invention.
FIG. 6 ts a view ol' rel'ugcraung cycle device according

io mi embodunnit 7 of thc present uivcntton.
l1(i 7 is a vieiv of a refrigerating cycle device according

to an embndiment 8 of the present inventinn 0

FIG. 8 is a contml flow chart of a refrigerating cycle
device according to an embodiment 2 of the present inven-
tion.

FIG. 9 is 0 Molher diagram of flie rcfngeratmg cycle
device according io thc embodiment 6 of lhc present mvnt-
tlnl'I

FIG 10 is a view of a refrigerating cycle device according
to an emboihment 9 of the present invention.

FIG, 11 is a view of a refrigerating cycle device according
to an emboihment 10 of the present invention. en

FIG. 12 ls a view of a rel'ugcmiing cycle device according
io mi embodunnit 11 ol'hc present mvcntion.

FIG, 13 is a viev of a refrigerating cycle device according
to an emboihment 12 of the present invention.

FIG. 14 is u Molhcr diagram of thc refugcraiing cycle ss
device according to the entbodiment ') of the present inven-
tlnl'I

Further. a sixteenth aspect of Ihc prcscnt uivenuon is
directed tn the dehumidifying device according tn the tenth
aspect nf the present invention which is used as an air
conditioner for a vehicle.

Further. 0 seventeenth aspect of the present invention is
directed to dehumidifying method of dehumidifying using a
dehumidifying device wluch cnmpuscs 0 compressor. a
rel'rigersni-0 a ter heat exchanger, a lira i dion mpre as nr. a Iirs 1

heat exchanger, a second decompressor, a second heat
exchmlger. an internal heat exchanger ands hnt 9 ster cycle, in

said hnt water cycle having a heater core ivhich sucks hot
ivater at the downstream side of said relbigerant-water heat
exchanger. ivherein

said compressor compresses 0 refugcrant whwh is carbon
dioxide, I

said refri erant-ivater heat exchanger perfiirms heat
exchange between said compressed refrigerant and the hnt
water in said hot water cycle,

said first decompressor decompresses said compressed
refrigerant. 20

miid lirst lu:at exchanger perfouns heat exchmtgc of sard
rel'rigcrani wluch ts dccompresscd by said Iirst droomprcs-
sor.

said internal heat exchanger performs hest exchange
betiveen said refrigerant which is subjected to the heat
exchange by said first heat exchanger and the refrigerant
sucked by said compressor.

said second dccompressnr decomprcsscs maid relhgcrmii
wluch ts subjected to thc heat exchange by maid micmal heal
exchanger. and 111

said second heat exchanger performs heat exchange of
said refrigerant which is decompressed by said second
decompressor.

FICi 15 is 0 control flow chart ol'a rcfrigcraung cycle
device according to an embodiment 9 of the present inven-
tion

ill(i 16 is a cnntml floiv chart of a refrigemtmg cycle
device according to an embodiment 10 of the present
invention.

FICi. 17 is a control flow chart of a refri emoting cycle
dcvicc according to mi embodiment 11 of the prcscnt inven-
Llon.

FICi 18 is 0 control flow clmrt ol' refugcratuig cycle
device according to an embodiment 12 of the present
IIIVeflttnu.

ill(i 19 is a view of a corn entional refrigeusting cycle
device

FICi 20 is a Mollier diagram of the conventional relbig-
emstin cycle device.

FICi 21 is 0 graph showuig tlu: rclattonslup bciwcen a
tddiaior outlet tculpcliuure dud d high-suit: pli:bbulc whi:u
thc couvcutinulll Icfrigt:1dihig cy'cic Ilevlci: dssuuu:5 au opti-
mum COP

I IXVI,ANATION Olr SYMI3OI.S
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or*los al
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'lLi first thiee e ai ialie
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-continued

i peu close v.yive
1 6 tyypsss cucui

BEST MODE FOR CARRYING OUT THE
INVENTION

I imbodiments of the present im ention are explained here-
inafler in con)unction with drawings.

I yMI30DIMI IN f I

lq(i I is a coiistitutional view showing a retrigerating
cycle device accordin to embodiment I of the present
invention. The refngerating cycle uses a CO, refrigerant as
a working fluid and adopts a compressor 10s a refngcrant-
w uter heat exchmigcr 11, a first dccompressor 12s a Iirst heat
exchmiger 13. an internal heat exchanger 14, a second
decompressor 15. a second heat exchanger 16 as basic
constitutinnal elements thereof. An outlet-side line of the
first heat exchanger 13 and a suction line of the compressor
10 yvhich is armnged at an outlet of the second heat
exchanger 16 are sublcctcd to a hmit cxchangc by thc
inienml heal exchanger 14. On thc other hand. the hot water
cycle is constituted of a pump lg which circulates hot water
heated by the refngerant-water heat exchanger, a heater core
19. a nsdiator 20 and a power engine 17

Here. the opemstion of the refrigerating cycle device
shown in FIG. I nt the time of space cooling is explained

First ol'lis at thc umc of space cuoluig, thc first dcmom-
pressor 12 is fully opcncd and the second dcmomprcssor 15
performs an operation as a dccompressor. Tlrit is, the
refrigerant which is formed into a gas of high temperature
and hi h pressure by being compressed by the compressor
10 passes through the first decompressor 12 from the refri-
erant-water heat exchan er 11 and is cooled by ontdoor air
by thc Iirst heat cxchangcr 13. Then, the rcfn ermit is
sublcctcd to a heat exchange with a rcfrigcrant m a suction
luis ol'hc compressor 10 at thc intcnml heat cxclmn cr 14
and hence, the refrigerant is further cooled. 'Iliereafter. the
refrigerant is decompressed by the second decompressor 15
and assumes a as-liquid two-phase state and is introduced
into the second heat exchanger 16. In this second heat
exchanger 16, thc rcfngerant is cvaporatcd duc to the heat
absorption from indoor air and is formixl uito a gas-liquid
two-pluisc state or a gas state, then is sublcctcd to a heat
exchmige with a refrigerant flown from the first heat
exchmiger 13 at the internal heat exchanger 14 so that the
further heat absorption is performed and. thereafter. the
refrigerant is compressed a ain by the compressor 10. Air is
cooled bv tile sccolld llcdt cxcllilll cl 16.

Nexn thc operation at thc time of space heatm /dehu-
midifying is cxplauicd.

At the time of space heating/dehumidifying. the hrst
decompressor 12 and the second decompressor 15 perforni
an operation as a decompressor.

That is„ the refrigerant which is formed into a gas of high
tcmpcraturc and high prcssure by bcuig compressed by the
compressor 10 is cooled by bern subiimted to a heat
exchange with cooling water in a water circuit which is
circulated by a punip 10 at the refrigerant-v ster heat
exchmiger 11 and, thereafter. is decompressed to an inter-

mcdiatc prcssure by the Iirst dccomprcssor 12 and is iniro-
duced mto the first heat exchan er 13 'flic refrigerant which
is confed by outdoor air at the first heat exchanger 13 is
subjected to a heat exchanae with a refrigerant in a suction
line of the compressor 10 at the heat exchan er 14 Bnd hence
is further cooled. Thereafter„ the refrigerant is decompressed
by thc second decomprcssor 15 mid assumes a gas-liquid
two-phase state of low tcmpcraturc and low prcssure and is
introduced into the second heat exchanger 16 In this second

to heat exchanger 16, the refrigerant is evaponsted due to heat
absorptinn fmm indoor air and is formed into a gas-liquid
two-phase state or a gas state. Then the refrigerant is fhrther
subjected to the heat absorption by a heat exchan e with the
rcfngcrdnt wluch flow s from the Iirst heat cxclmngcr 13 in
thc uitcrrml heat cxchangcr 14 and. thcrcdl'tcr. thc refrigerant
is conipressed again by the conipressor III.

liurther, the coolin yvater v hich is heated by the refrig-
erant-water heat exchanger 11 flows into the heater core 19
installed in a room and heats the air which is cooled and

ny dehumidified by the second heat exchan er 16 whereby the
space heating can be pcrlbnncd while performing thc space
dchumidil'ying. Then, the cooling water is hcatixl by thc
power engine 17 (for example. a heat generating source such
as an engine or a battery) and is again niade to flow: in the
refrigerant-water heat exchanger H

Here. as described above, since carbon dioxide is a high
pressure refrigerant and hence. from a viewpoint of pressure
rcsistancc design, it is ncccssary to use, instead of a Iin tube
type heat exclmngcr, a heat cxchangcr lrdving a narrower

sc tube diameter (for example. a micro tube type heat
exchanger). I'urther, yvith respect to an air conditioner fiyr a
vehicle, the reduction ofvolume and the reduction of weight
are strongly requested. Accordingly. in view of a fact that
v bile the first heat exchanger 13 having a large volume

is assumes a lugh prcssure side at the lime ol space cooling, thc
rclrlgCIdltt-wiltCI 11Cdt CSCllilllgcr 11 llavlilg B Sitlall volultlC
assumes thc lugh pressure sale at the tune of space heating,'ehumidifyingand hence, a large difference is generated
with respect to a high pre~sure side refngerant holding

do quantity, an imbalance between an optimum refrigemsnt
quantity at the time of space cooling nnd an optimum
rcfngcrdnt quantity at the time of space hcnting/dchunudi-
fying is studied. As d result of ihe study. it is found first when
only the first decomprcssor 12 is operated at the time of
space heating/delnimidifying, the first heat exchanger 13
having a large volume assumes the low pressure side and
hence, the relationslup (optimum refri emsnt quantity at the
time of space heating/dehumidifying)&(optintum refbigerant
quantity at thc time of space cooling) is cstablishcd. Accord-

O ingly. when the opfimum refrigerant quantity at tlm time of
space cooling is Iifled, when only the Iirst dccompressor 12
is operated at the tinie of space heating/dehuniidifying, there
anses a state that the refrigerant quantity is excessively lar e
thus causing a drawback tlmt the bigot pressure is excessively

s. elevated.
Furtlmr, when only the second dccompressor 15 is opcr-

dtcd Bt tllC tllllC iyl SpdCC llcdtlllg/ih:llillllldlfy'lilg 111 tllC SalllC

lllilllllCI Bt tliC tllllC Of SpdCI: Ciyollllg, d tClllpcrBnirC Of Bil

intrnduced into the first heat exchanger 13 is lower at the
ic time of space heatin idehuniidifying than at the time of

space cooling and hence, the refrigerant tempemsture is also
lowered so that the refrigerant density is increased whereby
a rclbigcrant quantity which is held ui thc first heat
cxcllilllgcr 13 is illcrcdscil collipdrcd to tile tittle of space

ss cooling. Tlmt is, it is found that thc rclauonslup (optunum
refrigerant quantity at the time of space heating/dehumidi-
fying)&(optintum refrigermit quantity at the time of space
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cooluigj is cstablishcd Accordingly, when thc optimum
refrigerant quantity at the time of space cooling is filled,
when only the second decomprcssor 15 is operated at the
tinie of space heating/dehumidifying, there arises a state that
the rcihgerant quanuty is small thus causing drawb mks such
as the reduction of a circulation quantity due to the elevation
of a suction temperature or an excessive elevation of a
discharge temperature.

Accordingly, by operating the Iirst dccomprcssor 12 and
the second decompressor 15 and by adjusting, a refrigerant
holding quantity in the first heat exchanger 13 by settin the
pressure inside the first heat exchanger 13 to an intermediate
pressure at the time of space heating'dehumidifying. It ls
possible lo elunuialc thc unbalance ol reirigeranl quanlily
between time of space cooling and time of space heating/
dehumidifying whereby thc operation of lhe rcfngerating
cycle device can be performed with high etljciency wlule
mirualurixing a rimciver or without using lhe receiver.

EMBODIMENT 2

With respect to the embodiment 2 of the present inven-
tion. the manner of opemtlon of the second decompressor 15
al lhc arne oi space heating/dchunudilyuig in lhc rcinger-
ating cycle device shown in FICJ. I is explained in conjunc-
uon with a JJO33 chart shown ui FIG. g. Thc second dccom-
pressor 15 is a valve which is capable of adjusting a tlow
I"ale.

At the time of space heating/dehumidifying. a discharge
tcmpcralurc Td dctccted by compressor disclmrgc tempera-
ture detection means 35 and a tar et set discharge tempem-
lurc Tx dre comparixl in ~ tcp 40. Then, when Td is equal to
or more than 1 x. this implies a state that the refrigerant is in
short miii processing is advanced to step 41 in wluch a

control is made to increase the degree of opening of the
second decompressor 15. Accordingly. the intermediate
pressure in the first heat exchanger 13 is lowered so as to
lower the refrigemnt holdmg quantity in the first heat
exchanger 13 whcrcby thc refrigerant shoruigc stale can bc
eliminated. After completion of control of the second
dcmomprcssor 15, thc processuig returns to step 40.

Further. Ivhen Td is smaller than Tx, this implies a state
in which the refmgcrant m cxcessivc mid processing is
advanced to step 42 in which a control is made to decrease
the dcgrcc oi'pcnuig of the second dccomprcssor 15.
Accordingly. the intermediate pressure in the tirst heat
exchanger 13 Is incrcascd so that the rcfngeranl holding
qumitity in the first heat exchanger 13 is increased whereby
an excessive refrigerant state can be eliminated. After
completion of contml of the second decoinpressor 15, the
processing returns to the step 40. Here. there is no problem
even ivhen a suction temperature, a discharge pressure or a
degree of suction superheat is used as an object to be
compared in step 40 Instead of thc discharge temperature.

In this nianner. even when a refrigerating cycle is Largely
changed such as the change ofan ainbient temperature or the
change of a rotational speed of the compressor, it is possible
lo alleviate thc imbalmicc of rcfrigcranl qumitily between
time for space coolin and time for space heating/dehumldi-
Pyuig by control luig the second decompressor 15 and hence,
il is possible to pcrfonn lhc Jughly-cfiicicnt opemlion of the
refrigeratin cycle device with high versatility by miniatur-
ixiiig the receiver or ivitliout the receiver.

02,807 B2
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EMBODIMENT 3

FICi 2 is a constitutional iicw showuig a rcfugcraluig
cycle dcvicc accorihng to lhe embodnumil 3 oi llm present
invention. Points ivhich make this embodiment ditferent
from the embodiment I are explained hereinafter. The
refrigemting cycle device includes a first bypass circuit 22
which connects an outlet of the compressor 10 and an inlet
of the first heat exchanger 13 by way of a first open/close
valve 21.

First of ali, the manner of opemtlon of the refrigeratin
cycle dcvicc shown ui FIG. 2 at the umc oi'pace coohng is
explauicd. Al lhc lane oi space cooling. Jhc six ond dccom-
prcssor 15 pcribnns dn operation as a dccompressor wlule
fully closing the first decompressor 12 and fiilly opening the
first open/close valve 21 Accordingly, by making the refrig-
erant fiow in the first bypass circuit 22 by opemng the tirst
open/close vaive 21, it is possible to prevent the generation
of prcsmitc'oss oi lllc Icirigcnliit lit llic rcfilgcrdill-valet
heat exclmngcr 11.

Next. the mmuier of opemtion at the time of space
hcauug,'dehumidifying Is cxplauu:d. At thc lime oi'pace
hcauug,'dehumidifying, the first decompressor 12 mid lhe
second dccompressor 15 peribnn an operation as a dccom-
pressor while fully closing the first open/close valve 21 'lliat
is, at the time of space heatinnidelnunidifying, the mamier of
operation which is substantially equal to the manner of
operation of the embodiment I is performed.

In this manner, by providing the first bypass circuit 22, the
Ill reduction of the pressure loss at the time of space coolin

cmi be achieved and hence„ it is possible to perform the
operation of lhc refrigerating cycle deuce with lugh eifi-
clciic)'illi Icspecl lo built of spticc cooliilg dild space
heatin

is

I:MIIOI)IMJIN'I'

FICi 3 is a constitutional view show in a refrigerating

, cycle dei ice according to the embodunent 4 of the present
do

iuvmilion. Points which make tins embodiment ihifercnt
from the embodiment 3 are cxplmned hcrcuiafter. Tlus
refrigerating cycle device includes first heat exchanger tem-
perature detection means 36 ivhich detects a refrigerant
temperature in the Jirst heat exchanger 13.

First of ali, the manner of opemtlon of the refrigeratin
cycle device shown in FIG, 3 is expLained. At the time of
space cooling, lhe second dccompressor 15 pcrfornw an
operation as a ikuompreasor wlulc fully closing thc Jirsl
dimomprcs sor 12 mid Ib11y op mtuig thc I i rat open/close valve
21 Accordingly, at the tinie of space cooling, the manner of
opemstion substantially equal to the manner of operation of
the embodiment 3 is performed.

Next. the mmuier of operation at the time of space
heatln /delnimidifying is expLsined. At the time of space
hcauug/dchunudifymg. thc lirst decomprcssor 12 and thc
second dccomprcssor 15 pcrfonn an operation as a decom-
pressor v bile fully closing the first open/close valve 21

I Jere, ivhen an outdoor 1einperature is low or when a heat
io nsdiation fan of the first heat exchanger 13 is not operated,

there anses a draivback that the low pressure is lowered and
a frost is generated in the Jirst heat exchanger 13 and hence
the cocllicicnt of perfiinnancc (COPJ of the rcfugcraluig
c)'clc ilcvicc B lov crcd. Accordiiigl)', lllc illauilcl of opctd-

ss tion of thc Iirst decomprcssor 12 or tlm lira 1 open/close valve
21 at the refrigerating cycle device shoivn in Iil(i. 3 which
can cope with such cases is explained
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Ai ihe time of space heating/dchunudii'ying, a tcmpcra-

ture 'I'eva of the first heat exclmnger 13 and a set temperature
'I'y (for exaniple. 0" (' are compared When 'I'eva is equal
to or less than I'I, this implies a state that there exists a
danger that a frost is generated in the first heat exchan er 13
and hence. the COP is lowered. Accordingly. a control Is
pcrformcxl so Bs to bong thc dcgrec of opcmng of thc Iirst
dccomprcssor 12 to a full open posiuon. Accordingly, the
first heat exchanger 13 functions as a radiator and hence, the
fmst can be obviated On the other hand, when 'I'eva is larger I o

than qy. the hrst deconipressor 12 is again made to function
as a decompressor. Accordingly, the defrosting operation can
be perfomied without performing the opemtion in a reverse
cycle which lowers an indoor blow-olf temperature and
dcieriorates thc comfortablcncss. I

I 'urther. in comparing a temperature 'I'eva of the ti rat heat
exchanger 13 and a set temperature Ty (for example 0" (: j,
when 'leva is equal to or less than 'I'y. by perfiirnung a
control such that the first open/close valve 21 assumes a
fully open position, it is possible to bypass the refri erant- Io
water heat exchanger 11 wluch functions as a radiator and
hencix d heat radiation quantity Bt thc tirst heat exchan er 13
cmi be further increased and hence. the defrosting operation
cmi be completed ivithin a shorter time Iiurther. v hen 'I'eva

is larger than 'ly, a contml is made to inake the hrst
open/close valve 21 assume the fully closed position a ain.

In this manner. by controllin the first decompressor 12 or
Ihe Iirst open/close valve 21, the frost at Ihe time of space
hcatuig/dehumidifying can bc obviated whcrcby tlm opera-
tion of the refrigerating cycle device can be perfornuxI v ith io
higii comfortableness and with high etficiency

EMBODIMENT 5

lq(i 4 is a coilstitutional view showing a retrigerating ii
cycle device according to the embodiinent 5 of the present
invention. Points which male this embodiment difl'erent
front the embodiment I are explained hereinafter. Tlus
rei'rigcratuig cycle device includes a second bypass circuit
24 winch coiuiects Bn Inlet and an outlet ol thc second heat do
exchanger 16 by way of a second open/close valve 23.

First of all, the manner of operation of the refrigerating
cycle device shown in lii(i 4 at the time of space coohng is
explained. At the time of space cooling, the second decom-
pressor 15 functions Bs B decompressor while fully opening d-

the first decompressor 12 and fully closing the second
open/close I alve 23. That is. at thc time of space coolmg, thc
IlidllllCr Of OpCratloil SUbstalitidllv CUUBl to tllC lllillIIICI Of
operation of the first embodmient I is perforined

Next. Ihe manner of operation at the time of space
heating/deluuuidifying is explained. At the time of space
heating/deluuuidifying. the first decompressor 12 Bnd the
second decompressor 15 fiinction nc a decompressor while
fully opemng thc second open,'close valve 23. Accordingly,
d IICilt BbSOrptloll qUtllltltj't tllC SCCOIII! IICBI CXCIIBligix 16
which constitutes an indoor heat exchanger is decreased and
hence, it is possible to mpidly increase an indoor heating
capacity.

Herc. thc rcfngi:rant lrdving small dryness Ikaction flows
in thc second bypass circuit 24. However, since flie rcfng- io
emnt is heated due to a heat exchange with the refrigerant
floivn out from an outlet of the first heat exchanger 13 at the
internal heat exchanger 14, the possibility that the liquid
refrigerant is taken into the compressor 10 is low.

Further. when a discharge tcmpcmturc rwiclms a lixed si
value ffor example, 70" (' after starting the operation of the
compressor IU, a control is made to fully close the second

open/close valve 23 so as to ensure thc dchunudii'yuig
ability of the second heat exchanger 16 at a fixed valueiil'ore

liurther, tinting, at which the second open/close valve
23 is fully closed may be a point of time after a lapse of time
/for example, 10 minj from starting of the operation of the
compressor 10.

As dcscribcd above, by prot iduig the second bypass
circuit 24. at thc nme of space heating/dchunudifying, the
start-up performance of the heating capacity munediately
after starting of the operation of the compressor can be
enhanced and hence, it is possible to perform the operation
of the refrigerating cycle device wlfich exhibits the rapid
heatin property.

I:MIIOI)IMIIN'I'

FIO 5 is a constitutional view showin a refrigerating
cycle dcvicc accorduig to thc embodimmit 6 oi'hc prcscnt
iuvmition. Points which make tins embodiment ibifercnt
from the embodiment I are cxplmned hcrcuiaftcr. 11us
refrigerating cycle device includes a third bypass circuit 26
v hich connects an inlet and an outlet of the first heat
exchan er 13 by v:ay of a third open/close valve 25.

First of ali, the manner of opemtion of the refrigeratin
cycle dcvicc shown ui FIG. 5 at the umc oi'pace cooing Is
explauicd. At Ihc tune oi space cooling. thc six ond dccom-
prcssor 15 functions as a dccompressor wlulc I'ully openuig
the hrst decompressor 12 and fully closing the third open/
close valve 25. Accordingly. at the time of space cooling, the
manner of operation substantially equal to the manner of
operation of the first embodiment I Is performed so nc to
obtain substantially thc snme adi Bntageous cfli:cts.

Next, the maruicr of operation at thc umc of space
llciltlllg/IICIIUIlllillfvlllg IS Cxpldllli:il. At tllC IIIIIC Oi SpaCC
heatmg/dehuinidiijina. Ihe first decompressor 12 and the
second decoinpressor 15 fiuiction as a decompressor while
fully opening the tlfird open/close valve 25.

That is, Bt the time oi'pace heating/dchumxlifying, thc
rcfngcrdnt wluch Is Ibrmcd into a gas oi'igh tcmperaturc
and high pressure afier being conipressed by the compressor
IU Is cooled by a heat exchaime with cooling water in a
v ater circuit which is circulated by the pump 10 in the
refri erant-v:ster heat exchanger 11. Then. the reikigerant
which is cooled by the rci'rigeranti dater heat exchanger 11

is dccomprcsscxI to an iniermediatc prcssure by thc Iirst
dimomprcssor 12 and flow s uito thc Iirst heat exchanger 13
and the third bypass circuit 26 in a bifurcated manner. I Iere,
by settmg a fluid passe e resistance of the third bypass
circuit 26 smaller than B fluid passage resistance of the Iirst
heat exchanger 13, the refrigerant hardly flows into the Iirst
heat cxcliangcr 13. 11&c refrigerant wluch flows Into thc first
heat cxchangcr 13 or thc tlurd bypass circuit 26 is subjected
to a heat cxchangc with thc rcikigerant In the suction hne of
the compressor 10 in the internal heat exchanger 14 and,
thereafter, the refrigerant is further decompressed by the
second decompressor 15. Here. the refrigerant assumes a
gas-liquid tv o-phase state of low temperature Bnd low
prcssure and is uitroduccd Into thc second heat exchanger
16. Thc reibigerant is evaporated duc to thc heat absorption
from indoor air Bnd Is sublccu d to a heat exchange with the
refrigerant which flows fmm the first heat exchanger 13 at
the mternal heat exchanger 14 tlnis being subjected to the
further heat absorption. Thereafter. the refri erant is a ain
compressed by the compressor 10.

Accorduigly, Bs indicatcil by a Mollicr duigrtun shown in
III(i 9, when the third bypass circuit 26 is provided, a

refrigerating cycle ivhich is indicated by a b c d o h
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is cstdbhshed and hence, thc rcfrigcran( is hardly sublected
to the heat exchange in an Intermediate pressure region 'I'o

the contrary, when the third bypass circuit 26 is not pro-
vided. the first heat exchanger 13 performs a heat radiation
action as indicated by a b c e f h and hence. a
speciiic enthalpy value of the refri creat at the inlet of the
second heat exchanger 16 Is decreased by AH. Tha( Is, tlus
leads Io Ihc incrcasc ol a heat absurption quan(ily of the
second heat exchanger 16 which constinites the indoor-side
heat exchanaer thus causing klwering of the indoor blow o JT I o

temperature
Accordingly„by providing the third bypass circuit 26,

lowering of the indoor blow-ofl'emperature can be pre-
1 cn(ed whereby lt ls possible to perlonu Ihc opcrauon of thc
Icfllgcrd(hlg cy'clc deva:c with Ihc hlghcl spBCC hca(ing I

abilitv.

EMBODIMENT 7

FIG. 6 is a conan(utlonal view showing a rclhgcra(ing Io
cycle device according to the embodiinent 7 of the present
invention. Points which nlake this embodiment difTerent
front the embodiment 6 are explained hereinafter. Tlus
refrigerating cycle device provides a fourfll open/close valve
27 a( the inlet ol'hc Jirst hca( cxcllan cr 13.

First of all, the manner of operation of the rcfngera(ing
cycle dcvwe shown ln FIG. 6 at thc Junc of space coolulg is
explained At the time of space cooling, the second deconl-
pressor 15 functions as a decompressor while fully openiag
the Jirst dccompressor 12, filly closing the third open/close so
valve 25 and fully opening the fourth open/close valve 27.
Accordulgly. thc minuter of opcranun al Ihc time ol'pace
coolulg is substantially ixpial to thc manner ol'opcranon In
the cmbodnnmlt 6 und Ilm substan(ially equal advanuigcxius
effects can be obtained ls

Next. (he manner of operation at the time of space
heating/deluuuidifying is explained. At the time of space
heating/deluuuidifying. the first decompressor 12 ond the
second dccompressor 15 I'unc(ion as a decompressor while
Iully opemng the tlurd open/close valve 25, and Jully closulg do
thc lourth open/close valve 27.

That is, when the opemtlon is started. the refrigerant
which is formed into a gas of high temperature and high
pressure by bmug compressed by thc compressor 10 is
cooled due to u lmdt exchmlgc with Ihe cool mg v, a(er ul the
wd(cr circuit which is circulated by (he pump 18 m the
refrigerant-water heat exchanger I I I'hen, the refrigerant
which is cooled by the refrigerant-water heat exchanger 11

is decompressed to an intermediate pressure by the Jirst
deconlpressor 12 and flows into only the third bypass circuit o

26.
Accordingly, by preventmg the refrigerant from tlov iag

into the tirst heat exchanger 13 by fully closing the tilurth
open/close valve 27. it is possible to prevent the occurrence
of a phenomenon that due to the chan. e of outdoor tern- ls
pcrd(ure, thc clrdngc of wind specxl brought abou( by thc
clrdnge of vchiclc speed and Ihc hke, a rcliigcran( holding
quann(y and a heat radiation quannty ul Ihe Iirs! heal
exchanger 13 is changed so that contnlllability becomes
difficult so

JIMI30I&iMEN'I'

FIG. 7 is a vww showing a rcl'ngerd(ing cycle device
according Io thc mnboduncnt 8 of Ihe present invml(ion. ss
Points ivhich make this embodiment ditTerent front the
embodiment I are explained hereinafter. 1'his refrigeratiag
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cycle device Includes a fifth open/close valve 28, a Iburth
bypass 29, a first three-way valve 30. a second three-way
valve 31, a fifth bypass 32. a sixth opelFclose valve 33 and
a sixth bypass 34. 1'he embodiment 8 is characterixed by
changln over a refrigerant circulation mode between time
for startul a compressor and time for steady operation at the
tune of spdcc hcBlhlJdchunndifving.

liirst of all, the nlamler of operation of the refrigensting,
cycle device shovul in I IG 7 at the tinie of space cooling is
explained. At the time of space coohn . the second decom-
pressor 15 fiulctions as a decompressor while fully openin
the Jirs( dimomprcssor 12, Ihlly opm»ng thc Iil'th open/cluse
valve 28, fully closing thc sixth open/close valve 33, cun-
Irolhng thc first Ihrce-wiiv vtilvc 30 al thc dlrix'non A dnd
cmitrolling the second three-way valve 31 in the direction A
1'hat Is, at the time of space cooling, the manner of operation
substantially equal to the nlaiuler of opemtion of the
embodiment I is perfomted.

Next. Ihe miuulcrs ol'operations at Ihc Junc of starling a
cmnpressor and at the time of steady operation in the space
heatin /dehlunidifyin operation are explained respectively

At the time of startin a compressor in the space heating/
dchumidilying operation, II is necessary Io rapidly cnlmnce
the space heating capdci(y mid hmlcc, only Ihe Jirst dccom-
prcssor 12 functions as a dccompressor wlulc I'ully openulg
the second decompressor 15. fully closing the fifth open/
close valve 28, fully opening the sixth open/close valve 33,
controlhn the first three-way valve 30 in the direction B and
controlhn the second three-way valve 31 in the direction B.

That is, BI thc Junc OJ s(arting a compressor ul Ihc space
heatin /dehlunidifyin operation. the refrigerant which is
formed mto a gas of hi h (emperature and high pressure by
being compressed by the compressor 10 ls cooled by a heat
exchange with the cooling lvater in the water circuit wlfich
is circulated by the pump 18 in the refrigemnt-water heat
cxchangcr 11. The hcd(cd coolulg w uter flow s In(o the heater
core 19 and can further increase Ihc Indoor heating capacity
at the time of starting the compressor 10 I'urther. the
refrigerant v,hich is cooled by the refrigerant-water heat
exchm er 11 flows into the fourth bypass circuit 29 and is
subjected to a heat exchange ivith the refrigemsnt in the
suction line of the conlpressor 10 by the internal heat
exchanger 14 aml, Ihcrenficr. Bows in(o thc Jif(h bypass
circuit 32. Then, Ihc refrigerant is decomprcsscd by thc Iirst
decompressor 12 and assunles a as-liquid iwo-phase state
of low tempensture and low pressure and is Introduced into
the first heat exchan er 13. In this first heat exchanger 13,
the refrigerant is evaporated due to the heat absorption from
the outdoor air and is formed into a gas-liquid two-phase
state or a gas. Then, thc rcfrigerdn( flows Into thc sixth
bypilss circui( 34 und Is nltriii!iiccil alto the second hedl
exchanger 16 by Vvay of the second decompressor 15 In this
second heat exchanger 16. (he refrigerant is evaporated due
to the heat absorption from the indoor air and is formed into
a as-hquid two-phase or a gas, then ls subjected to a heat
exchm e with the refrigemnt which is made to flow out
from thc Iirs( heat exchanger 13 by the internal heat
exchanger 14 so Ilm( Ihc Ibrther heat absorpuon is pcrforinoxJ
and, thereafier. the refriaerant is again compiessed by the
cmnpressor 1(i

That is. the operation as a radiator is performed by the
rclrlgcldn(-Oil(el hi at cxclrdngcl 11 Bnd Ihc hcd( Bbsorpuon
is pcrfomlcd by Ihc Iirs( hca( exchanger 13 and thc almond
heat cxchangcr 16 and hcncc. 11 is possible to cnsurc a
further larger heat absorption quantity whereby the space
heatin capacity can be enhanced
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Here. as dcscribixl ui couluncuon with thc cmbodimcnl I,
although a refrigemsnt quantity at the time of space heating/
delnuiiidifying assunies the excessively large state when
only the first decompressor 12 is operated, by pntviding the
internal heat exchanger 14, the fourth bypass circuit 29 and
the tifth bypass circuit 32 between the outlet of the refrig-
erant -w a Icr haul cxclranger 11 mid thc 1irst decomprcs sor 12,
thc high-pressure side volume can bc uicrmiscd. Accord-
ingly, a refrigerant quantity which is held at the high-
pressure side at the time of space heating/delnnnidifying Is
increased and hence, the imbalance of refrigerant quantity
between the time of space cooling nnd the time of space
heatinJvdehumidifyutg can be alleviated. Further, the suc-
hon lmc of Ihc compressor 10 is subjcclcd lo a heal
exchange with the high-tmupcralure rcfngemnl al the outlet
of the refrigemsnt-water heat exchanger I I and hence, lov-
ering of the suction temperature. that is, lov ering of the
discharge temperature of the compressor 10 attributed to the
excessively lar e refngerant quantity can be prevented

Accordingly, by providin the internal heat exchanger 14,
thc lburth bypass circuit 29 tmd thc tifih bypass circuit 32
betw emu lhe outlet of thc rcfngcrmil-water heal exchmigcr 11
and the first decompressor 12. even when nnly the hrst
decompressor 12 is operated as a decoinpressor. the imbal-
ance of refrigerant quantity betiveen the time of the space
cooling and at the time of space heating/deluimidifying can
be alleviated whereby it is possible to ensure the heating
capacity al the umc of startuig thc compressor 10.

NexL Ihc maruier of operation of lhc rcfrigeraung cycle
device durin the steady opemstion at the time nf space
heating'delnuuidifying is explained

l)uring the steady operation at the time of space heating/
dehumidifying, the first decompressor 12 and the second
decompressor 15 are opemsted as a decompressor while idly
opeiung thc lil'th open/close valve 28 and fully closuig the
sixth open/close vulva 33, conlrolluig thc lirsl tlucc-way
salve 30 in thc dirccuou A and controlling lhe simond
three-way valve 31 m the direction A

qliat is. dunng the steady operation at the time of space
heatinJvdehumidifyutg. the refrigerant which is formed Into
a gas of high tempemture and high pressure by bein
comprcsscd by thc compressor 10 is cooled by a heal
exchange with thc coohng water ui thc water circuit which
is circulated by Ihc pump 18 ui lhe relrigeranl-water heal
exchanger 11 and, thereafter. is decompressed tn an inter-
mediate pressure by the hrst decompressor 12 and is intro-
duced into the first heat exchanger 13. The reibigerant which
is cooled by outdoor air in the first heat exchanger 13 Is
1urllicl'ooled by' liixit cxcllaiigc willi tlic rcfitgcrtiiil Ili lite
suciion lute ol the compressor 10 ui Ihe inlcmal heal
exchanger 14 and, thcrcaficr. Is dccomprcssed by lhc second
decompressor 15 and Is intmduced into the second heat
exchmiger 16 In a gas-liquid two-phase state of lniv tenl-
perature and lov, pressure. In the second heat exchanger 16,
the refrigemsnt is evapomted due to the heat absorption fmm
the indoor mr and Is fonncd Into a gas-liquid two-phase state
or a gas slate. Then, thc rcfngcrmu is further subjected lo thc
heal absorption by a heal exchange with Ihe refngcrmil
which floivs from the first heat exchanger 13 in the internal
heat exchanger 14 and, thereafter, is again compressed by
the conipressor 10. In this manner, during the steady open-
tion at the time of space heating/dehumidifying,. the manner
ol'operation substuntially equal to Ihc mmincr of operation
ol Ilic cilibodiiliciit I ls pcl fomicih

As described above. In thc cmbodnuenl 8, by providing
the titiuth bypass circuit 29 and the fifth biqtass circuit 32,
at the time of starting the space heating/dehumidifying and

durmg Ihc steady operation. it is possible to allcviatc thc
imbalance of the refri erant quantity and hence, the reibig-
eraling cycle dcvicc cnn bc operated with high cflicicncy al
the tmie nf space cooling and at the time of space heating/
dclnunulifying respcchicly while mu»mtzutg the rcceivcr
or without providing the receiver.

As can bc clearly understood from the above cxplmialiun.
according to this embodiment. in the refrigeratuig cycle
dcvicc which uses carbon dioxide as thc rcfngcranl, byui
changing the refrigerant holding quantity in the first heat
exchanger 13 to the intermediate pressure by operatin the
first decompressnr 12 and the second decompressor 15, it is
possible to alleviate the inibalance of the refrigerant quantity
bclwimn thc lime I'or space hcatuig mid thc time for space
heatln /delhimidifying and hence„ the refrigerant cycle
dcvicc cau bc opcratcd with high eflicicncy while nunialur-
171ug tlie receival'r wtthotlt provKllllg tile I'ccclvcl'urflmr.

cvcn when ihe refrigerating cycle Is largely
changed such as the change ofan ambient temperature or the
change ol'a mlalional spccd of Ihc compressor. Il Is possible
to alleviate the imbalance of refrigerant quantity between
time for space cooling and tune for space heating/dchumuli-
fying by contmlling the second decompressor 15 and hence,
ll ls possible to pcrloriii tlic lilglilv'-cfllclciit opera/loll of flic
refrigerating cycle device with versatility by niiniaturixing
the receiver or ivithout the receiver.

liurther, by pmvidinn the first bypass circuit 22. the
so reduction ol'Ihe prcssure loss of the refngcrmit-water heal

exchanger I I at the time of space cooling can be achieved
and hence, it is possible to perform the operation of the
refrigerating cycie device with higher efhciency.

Furflmr, by controlling lhe lirst dccomprcssor 12 or thc
first open/close valve 21 usuig Ihc value dclcctcd by Ihc iirsl
heat exchanger tenipemture detection nteans 36, it is pos-
sible to prevent the frost at the time of space heating/
dehumidifyin and hence. it is possible to perform the
operation of the refrigemsting cycle device with higher

so efficiency and high comfortableness.
liurther, by providinn the second bypass circuit 24. at the

time of space heating or lnunidifying, the start-up perfbr-
mance of the indoor heating capacity inimediately after
starting the operation of the compressor 10 can be enhanced
and hence. it is possible to perform the operation of the
relrigcrating cycle dcvicc with thc cxccllmil rapul hcaluig
ability.

liurther, by providing the third bypass circuit 26. kiwering,
of the indoor blow-ofl'emperature can be prevented and
hence, it is possible to perfohn the operation of the refri-
CI'illliig cv'clc device willi lite lilglicr llcaliiig abililv.

liurther, by preventin the flow of the refrigemsnt into the
first heat exchanger 13 by fully closing the fourth close valve
27, it is possible tn prevent the occurrence of a plienomenon
that due to the chan e of outdoor temperature or the like. a
refrigerant holding quantity and a heat radiation quantity in
the lirsl heat cxchimgcr 13 are clmngcd so that controllability
bimomcs dillicult.

io liurther, by prnviding the fourth bypass circuit 29 and the
fifth bypass circuit 32, at the tune of starting the space
heating/deihunidi0in and during the steady operation, it is
possible to allcviatc lhc mibalancc of thc rclbigcmnt quantity
and hcncc, thc rcfngcranl cycle dcvicc can bc operated wifli

ss high eflicicncy al thc umc of space cooling and at the time
of space heating/dehuniidifying respectively while minia-
hirixing the receiver or without pmviding the receiver
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EMBODIMENT 9

lq(i it) is a constitutional vieiv showing a refrigerating
cycle device according to embodiment 9 of the present
invention. The refngerating cycle uses a CO, refrigerant as
a working liquid and adopts a compressor 110. a refri erant-
w uter heat exchanger 111, a lirst dccompressor 112, a Iirst
heat cxchmtgcr 113, au internal hcai cxcltanger 114. a second
decompressor H 5 and a second heat exchanger 116 as basic
constitutional elements thereof An outlet line of the hrst
heat exchanger 113 and a suction line of the compressor 110
vvhich is arran ed at an outlet of the second heat exchanger
116 are subjected to a heat exchange by the internal heat
exchanger 114. Ou thc other hand. the hot v,ster cycle is
consntutcd of a pump 118 winch circulates hot water heated
by the refrigerant-water heat exchanger Ill, a heater core
119, a radiator 120 and a pow:er engine 117.

'lhe refngerating cycle device of this embodiment con-
stitutes an example of a dehumidil'ying device of the present
invention.

Herc. the operation of 1hc refn crating cycle device
shown in FICI 10 at the time ol'pace cooling is cxplauuxh

First of all. at the tinie of space cooling, the tirst decont-
pressor 112 is fully opened and the second decompressor
115 performs an operation as a decompressor 'that is. the
refrigerant ishich is formed into a gas of high tempermue
and high pressure by being compressed by the compressor
110 passes tluough thc first dccompressor 112 from thc
refrigerant-water hcut exchanger 111 imd is cooled by out-
door air by the first heat exchanger 113. Ihiwever, since
space heating is not performed by the heater core 119, hot
water is not made to flow into the refrigerant-ivater heat
exchanger 111. Then, the relrigemsnt is subjected to a heat
exchange with a refri erant in a suction line of the com-
pressor 110 at thc internal heat cxchdngcr 114 to bc further
cooled. Thcreal'tcr, the refngerant is dcmomprcsscd by the
second decomprcssor 115 mid assumes a gas-liquid two-
phase state of low temperature and kiw pressure and is
intmduced into the second heat exchanger 116 In tlus
second heat exchanger 116. the refri creat is evapomted due
to heat absorption from indoor air and is formed into a
gas-hquiil two-phase state or a gas sta1c. then is sublccted to
further heat absorpuon by a heat exchange with a refugcrmtt
flown from thc lirst heat exchanger 113 ai thc mtenral heat
exchanger 114 and, thereafter. the refrigerant is compressed
again by the compressor lit) Air is cooled by the second
heat exchanger 116.

Next. the operation at the time of space heating/dehu-
Iulililv'iilg ts cxplalucil.

At thc ting: of space heating/dchunudilyutg. thc Iirst
dccomprcssor 112 mid thc second decomprcssor 115 per-
form an operation as a deconipressor.

qhat is, the refngerant which is forined into a gas of high
temperature and high pressure by being compressed by the
contpressor 110 is cooled by being subjected to a heat
1:xchdilgc with hot wdti:1 lu a hoi wdtcl cycle which 1s

circulated by a pump 118 at thc refugerimt-water heat
exchanger 111 and, tlmrcaficr, is dccomprcssed to an uitcr-
mediate pressure by the first decompregsor 112 and is
intmduced into the first heat exchanger 113.

The refri emsnt which is cooled by outdoor air in the first
heat exchanger 113 is subjected to a heat exchaitge with the
relrigcrant in tlm suction linc of thc compressor 110 at the
internal heat cxchaugcr 114 and hence, 1hc refu ermtt is
further cooled. Thcrcaftcr, the refhgermit is decompressed
by the second deconipressor 115 and assumes a gas-liquid
nvo-phase state of low tempemsture and low pressure and is
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introduced into thc simonil heat cxchangcr 116 In tlus
second heat exchanger 116, the refrigerant is evapoiated due
to heat absorption from indoor air and is formed into a
gas-liquid nvo-phase state or a gas state, then is subjected to
further heat absorption by a heat exchan e with the refri-
emsnt flovvn from the first heat exchanger 113 at the internal
heat cxciangcr 114 and. (hcreaflcr, thc rcfugcraut is again
compressed by thc compressor 110.

liurther, the hot ivater which is heated by the refrigerant-
ia water heat exchanger 111 floivs into the heater core 119

installed in a room and heats the air ivhich is cooled and
dehumidified by the second heat exchanger 116 w hereby the
space heating can be performed i(bile performing the space
dclnunulifying. Then. the hot water is heated by the power
miguic 117 (fiir example, a heat gcncrating source such as an
eagine or a battetyj and is a am made to flow in the
refrigerant-v;ster heat exchanger 111

lii(i Zl is a graph shov ing the logical relationship
between an optimum lugh-side pressure which makes COP

zc have the maximum value and refrigerant tempemsture at the
outlet ol a riuliator using thrcc dilfi:rmit evaporation tem-
pcra1urcs as paramctcrs. Here, assuming the heating capacity
of the refrigerant-water heat exchan er ill as I 5 kW, the
inlet refrigerant teniperature of the refrigerant-water heat
exchanger 111 as 120" C., the refri erant flow mate as 60 kg/h
and the evaporation tempemsture as 0" C at the time of space
heatin /delnimidifying. it is considered that the outlet relbig-
crant 1mnpcraturc of the rcfugcrant-wuter heat cxclmngcr
111 approximates 60'. mtd tlu: lu h-side prcssure value

sc v hich becomes the mininium energy in such a case is
calculated as approximately 150 bar as shown in I'l(i 21,
using a set value of a conventional exaniple In this manner,
according to the conventional example, the value of the
hi h-side pressure is set lugher at the time of heating or

ss dchumidilying 1han at the time of cooling.
Howcvcr, when thc rclrigerating cycle device is operated

at such a lugh prcssure, thc compression ratio is utcrcascxt
and hence, the elciency of the compressor lit) is Largely
lowered and it is estimated that an actual energy consump-

dc tion cannot be minimized.
In the embodiment 9 of the present invention. by setting

thc prcssure of thc rel'rigcraat ui thc lira t heat exchanger 113
to the intermediate prcssure with thc usc ol thc lira( decom-
prcssor 112, the opcranon of thc rcfngcrating cycle device
at such a high pressure can be obviated

'I'hen, with respect to the enibodinient 9 of the present
invention, the operation of the second decompressor 115 at
the time of space heatingvdehumidifyin in the refrigeratin
cycle dcvicc shown in FIG. 10 is cxplatncxt using a flow

o chart shown ut FIG. 15. Thc second dccomprcssor 115 is d

valve which is capable of perl'onning tlow rate adlustmcnt.
At the time of space heatingidelnunidifying. in step 141,

a refrigerant temperature 'I'eva detected by second heat
exchanger refri erant temperanire detection means 130 and

ss a target set temperature Txeva (for example, a dew point
tcmperaturc. O'.) are comparcxl. Thmi, when Teva is equal
to or morc titan Txcvd. tlus implies that dehumidifying is not
pcrfomtcd at the second heat exchanger 116 wluch consti-
tutes the indoor-side heat exchanger. In this case, the pro-

to cessmg advances to step 142 and a contml is perfiirmed to
decrease the degree of opening of the second decompressor
115.

Although it is not necessary to control the degree of
opening ol'hc first dccomprcssor 112, it is possible to

ss pcrfiinn a control to incrcdsc tlu: dcgrcc ol'pciung. By
performing such a control, an mtermediate pressure in the
first heat exchanger 113 is increased and hence. the refrig-
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cran«empcraturc u«hc Iirsl hca& exchanger 113 is eleve&&ah

Accordingly. the tenlperature dilference between the lov-
pressure side and the high-pressure side which are served for
a heat exchange in the internal heat exchanger 114 becomes
large and hence. an internal heat exchan e quantity Is
increased. Afler contmlling the second decompressor 115,
thc proccssuig rctums to slop 140.

Accordingly, as indicated by thc Mollmr diagriun shown
in I&I(i 14. although the refngerating cycle indicated by
a b c d e f is made before the second decompressor Io

115 is operated, when the degree of opening of the second
decon&pressor 115 is mode small, a heat exchange quantity
in the internal heat exchan er 114 is increased os indicated
by k b g h i I and hcncc. a spcciiir. Cnthalpy value
of &iii &&if:I rcfiigcrdiil oi llic &coo&id heal cxchai&gci 116 Is I

decreased by AI I

Accordin ly, the enthalpy difference of the second heat
exchanger 116 is increased and hence. the refrigerating cycle
is baLsnced such that the heat absorbing capacity is increased
and the evaporation temperature of the second heat &o

exchanger 116 is lowered whcrcby thc dehunudifying cmi be
Ic&ilizcd.

Accordiimly, there is no possibility that the high pressure
is increased and hence, the heat absorbing capacity of the
second heat exchanger 116 can be increased without largely
lowering the efliciency of the compressor.

Further. &vien Tevo is smaller than Tevax. this imphes a
sta&e u& winch &hc dehumi&hi'yu&g is perlormed by thc second
hca& exchanger 116 which constitutes m& u&door-side heal
exchanger 'lien, the processing advances to step 43 in io
which a control is made so as to increase the degree of
openiim ot die seen&Id decompressor 115

Here. although it is unnecessary to control the degree of
opening of the first decompressor 112, a control moy be
made so as &o dccrcasc the dcgrcc of opening. Duc to such &i

a control. by lowcnug an intcrmedialc prcssure m Ihc Iirsl
heal cxchangcr 113 thus lowcru& thc relrigcrmu lempera-
ture in the first heat exchanger 113, the temperature difl'er-
ence between the low pressme side and the high pressure
side where a heat exchan e is made in the internal heat do

exchanger 114 is small and hence. an internal hear exchange
quanli&y is lowered whereby excessive luwering oi' blow-
olf Imuperalurc cun be prevented. Then. Ihe processing
advances to step 141 after controlluig lhe scmond dccom-
pressor 115

In &his niamler, at the time of space heatingidelnunidify-
in, the inside of the first heat exchanger 113 is ser to on
intermediate pressure by opemoting the first decompressor
112 or the second dccomprcssor 115 so as to adjust the
rei'rigcranl &empcra&ure in the Iirst heat exchanger 113 o

whcrcby a heal cxclrdnge quonuly ol Ihe inleuml heal
exchm&ger 114 can be adjusted Accordingly. it is possible to
perform the operation of the refrigerating cycle device v ith
high efficiency by ensurin the reliability while eliminoring
the imbalance of an optinu&m refrigerant quantity between ss
umc Ibr space cooling and tune I'or space hcaung/dclnunidi-
fy'ii&g with ciu:rgv co&&su&&&pl&or& sitiallci lhai& crier y'o&&-
sumption necessary for llm opcrauon of a conventional
example without setting pressure to the high-side pressure
which constitutes the minimum energy calculated by the io
conventional example.

EMBODIMENT 10

W&lh rcspcct to thc embodiment 10 of Ihc prcsen& mvm&- Si
tion. the manner of operatiim of the first decompressor 112
and the second decompressor 115 at the time of space

ho&i&&rig/dchui&iidifvii&g iii d &of& igcralii&g cycle ih:vice show&&

in I'l(i II is explained using a flow clmr& shown in I'l(i. 16
Points v hich make this embodiment differen from the
embodiment 9 are explained hereinafter 'I'he first decom-
pressor 112 is a valve which is capable of adjusting a flow
rate

A reibigcrant holdu&g quan&ity at thc high prcssure side of
the refrigerating cycle device difli:rs bc&w cen umc Ibr space
heatin /deh&unidifyin and time for space cooling and
hence, an imbalance is generated with respect to an optimum
refrigerant quantity Accordingly. by adjusting the refriger-
ant holding quantity in the first heat exchan er 113 by
changing an intermediate pressure. it is possible to eliminate
thc imbalance of thc rcfngcrmit quantity bctwimn time Ibr
space cooling and tune oi'pace heauug/dehumidifyin .

At the time of space heatingidelnimidifying. m step 144,
a refrigerant teniperature 'I m which is detected by first heat
exchanger refrigerant temperature detection means 131 and
a target set temperature Txn& (for example. 20" C.) are
compared. This Tmn value is a value which is set such that
the oplunum reingermil quantity wluch cusurcs the highesl
eflicicncy is obtuned ai Ihc lime oi space heating/dchumuli-
fying. Then, when 'I'm is equal to or more than Txm, this
in&plies a state that an intermediate pressure of the first heat
exchanger 113 is higher than the set value and the circulating
refrigennt quantity is lower than the optimum value.
Accordln iy. processing advances to step 145 so as to
pcrfomi a control whiCh decreases thc degree OI'opm&ing of
thc Iirst dccomprcssor 112. In tins munncr. by low enng thc
refrigerant holding quantity in the first heat exchanger 113

by lowering the intermediate pressure in the first heat
exchanger 113, it is possible to operate the reffigemoting
cycle de&ice with the optinuuu refri emont quantity at the
time of space heatingdehumidifyin .

Furllmr. when Tm is smaller Ihan Txm, llus implies a stoic
thai Ihc uucm&c&halc prcssure of Ihc first heal cxchangcr 113
is lower than a scl &slue and the circulating rcfrigcrmu
quantity is higher than the optimum value and hence,
pmcessing advances to step 146 in which a control is
perfom&ed so as to increase the degree of opening of the Iirst
decompressor 112. Due to such a constitution, by increasing
thc rcfngcranl holing quantity u& the Iirsl heat cxclmngcr
113 by u&crcasing lhe inlenncdiale prcssure in Ihc Iirsl heal
cxchangcr 113, &I is possible lo opcrule thc rcfngeratuig
cycle device &vith the optinnui& refrigerant quantity at the
time of space heatingidelnunidifying

After compietion of the above-mentioned step 145 and
step 146. the processing advances to step 1 47 ln which the
reibigcrant tcmperaturc Tei a whwh is dclcclcxt by thc a&mond

heal exclmngcr refrigerant temperature dc&ection me&ms 130
and llm targe& scl lempcralurc Txcva /for example, a dcw
point temperature: 0" (Li are compared with each other The
subsequent operations are substailtially equal to the open-
tion of the above-mentioned embodiment 9.

As described above, by changing an intermediate pressure
iu the Iirsl heal cxchangcr 113 by operating Ihc Iirsl decom-
prcssor 112 and &hc second dccompressor 116, the rcfn cr-
au& holding quantity u& thc first heat exchanger 113 can bc
adlusted and hence, it is possible to perfiirnl the operation of
the refrigerating cycle device v ith the optimmn refrigemont
quantity without providing a receiver for adjusting the
refri erant at the time of space hcatinvw'dehumidifying.

Furllmr. when the degree of opening oi'hc a&mond dccom-
prcssor 115 is adlus&ed positmcly rm dcscnbcd in Ihe
embodiment 9, thc dryness OI'he absorbed refngerant in Ihe
cmnpressor is largely fluctuated and hence, a capacity con-
trol of the refrigeratina cycle device becon&es difficult
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Howcvcr, by adlusting thc degree of opening of flie first
decompressor 112 and the second decompressor 115 as
described above, such a drawback can be alleviated and
hence, it is possible to perform more stable operation of the
refrigerating cycle device

10MI3ODIMEN'I'l

With respect to the enibodiment I I of the present inven-
tion, the manner of operation of the first decompressor 112
and the second decompressor 115 at the time of space
healuig/dehumidifying in a rcfrigcralm cycle device shown
in FIG. 12 is cxplauied using 0 flow chart shown ui FIG. 18.
Pomls wluch make this embodiment ihfferenl from the
embodiment ') are explained hereinafter 'I'he refrigerating
cycle device includes blow-off temperature detection nteans
134 which detects a temperature of blow-off Bir which Is
blocvn off by way of the heater core 119 and compressor
opcraiion frcqucncy control means 132 wluch conlrols an
operation frequency ol'he compressor 110. 20

Ai llic liiiic of space ltcatingldclutnutfilYing, il rcfrlgcrdiil
tenipemture 'I'm which is detected by the first heat exchanger
refrigerant teniperature detection means 131 and a target set
tenipemture 'I xm (for example 20" ('.) are compared in step
150. The subsequent opemtions are substantially equal to the -'perationof the above-mentioned embodimenr I 0, wherein
slaps 144 to 149 rcspcclivcly corrcspond lo slaps 150 to 155.

llien, ihe proccssuig advances from step 154 or step 155
to step 156 in wluch a blow-off'cmperdlurc Tl'luch is

sli
detected by blow-otT temperature detection means 134 and
a target set tempemcture 'I'xf (fiir example 40" (') are
conipared is ith each other The value of Txf is 0 value of a
blois-off tenipemture required at the time of space heating/
delnimidifymg. Then, when Tf is equal to or more than Txf, is
since Ihc blow-ofl Imnpcralure Tf is lu her lhan Ihc target scl
lempcralurc Txl, Ilus unplies thai Ihe hcanng capacity is
hig)i Accordingly, the processing advances to step 157 in
which a control is performed so as to decrease the operation
frequency of the compressor 110. Thereafter, the processing

40
retunts to step 150

Further. cchen Tf is smaller than Txf, since rhe blow-ofl'cmpcralurcTl'is lower than thc uugcl sel tcmpcraturc Txf,
tins unpl ms tlui I Ibc healing capacity is low. Accord mgly, the
processing advances to stc33 158 in wluch a control is
performed so as to increase the opemtion frequency of the
compressor I IU. I hereafter, the pnicessing retunls to step
150.

As described above, the heating capacity can be adjusted
by changing the operation frequency of the compressor 110 so
dnd hcncc, il is possible to operate ihe rcfngemting cycle
dcvicc with Ihc opnmum rclbigcmnl quanlily without dete-
riorating the comfortableness.

EMBODIMENT 12

FIG. 13 is a constitutional view showuig a rclhgcrating
cycle device according to thc embodiment 12 of thc presmil
invention. Points which niake this embodiment difTerent
fmm the enibodinient 9 are explained hereinafter. Tlus 00

refrigerating cycle device includec dicchar e refrigerant
tempemcture detection mesne 133 which detects 0 discharge
rel'rigcranl lmnperaturc of a compressor 110 and a bypass
cirmiil 136 which bypasses mi outlet of 0 second heat
exchanger 116 and an inlet of a compressor 110 by way of sc
an open.'close valve 135 'I'he manner of operation of the
openiclose valve 135 at the time of space heating/delninudi-

fying operation ui Ihe rclngeraling cycle dcvicc shown in
lii(i. 13 is explained using a flow chart shown m I'I(i 17.

At the time of space heating,'dehumidifying, the disclmr e
refrigerant temperature Td detected by the discharge refrig;
emcnt temperature detection nieans 133 and a target set
temperature Tx (for example. f40'.) are compared with
each other in step 160. Here, Ihe target set Icmpcralure is scl
to a value wluch is close to an upper limit tmupcralurc within
a use range of the compressor 110 I'hen, when Td is equal
to or more than Tx, this implies a state in which Td exceeds
the upper limit temperature v ithin the use range of the
compressor 110 and the processing advances to step 161 in
which 0 control is performed so as to open the degree of
opening ol'a relcasc valve 135 Due to such a control, thc
rcfngcrdnt which flows oui from the second heat cxclmngcr
116 flows into the bypass circuit 136 and hence, an internal
heat exchange qttantity in the internal heat exchanger 114 is
decreased, an absorption refri emnt temperature of the com-
pressor 110 is lowered. and the discharge refrigerant tem-
perature is also lowered. Afler controlling the release valve
135. thc processin rclums Io step 160.

Furflmr. when Td is smaller titan Tx, flus implies 0 stme
in winch '['d is lower than the upper limit temperature within
the use range of the compressor IIU and the processing
advances to step 162 in which a control is perfornied so as
to close the opening degree of the release valve 135.
Thereafter. the processing renims to step 160.

In this manner, by controlluig Ihc release valve 135, it is
possible lo prcvmit lie cxccssivc clcvation ol'he dischar c
temperature of the compressor 110 without lowering the
opemction frequency of the compressor and hence, it is
possible to perform the opemtion of the refrigerating cycle
device v, ith high comfortableness and v ith high efficiency.

I:MIIODIMI bfl 13

The embodiment 13 of the present invention ic chamcc-
terized in that the refrigerating cycle device is an air con-
ditioner I'or a veluclc. Here, when only a rcfngcranl-waier
heat excliangcr 111 is opcralcd as a radiator (for example. al
the lime of pcrfonning d sldri-up opcranon or Ihe hkc), an
outdoor-side heat exclianger. that is. a first heat exchanger
113 ic operated as an evaporator. I Iowever. m case of the air
conditioner for a vehicle. the first heat exchan er 113
receives an oncoming wind durin travelin of the vehicle.
Accordln iy. ivhen a temperature of the refrigemcnt which
flows in thc first hant exchanger 113 becomes O'. or less
diid il host ls gciicratcil. cvcii '0'licit flic first lieut cxcliBiigci
113 is operated as a radiator by perforniing the reverse cycle
opemction, the refrigemnt temperature is diflicult to elevate
and hence. it is extremely diflicult to perform defroctin
rapidly and completely.

Accordingly, by sclnng Ihe prcssure in lhc Iirst heal
exchanger 113 to an intermediate pressure by operating the
first decompressor 112 or the second deconipressor H5 so as
to adjust a refrigerant temperature of the first heat exchanger
113 as described in the embodiment 9. it is possible to
prevent the gcncralion of thc frost in the Iirsl heal exchanger
113 in advance whereby il is also possible to perform Ihe
operation ol Ihe rclngeraling cycle device with high com-
fortableness and cvith high etTiciency with respect to the air
cmiditioner for a vehicle.

As can bc clearly understood Ibom thc foregoing expla-
nation, according lo llus mnbodimcnt, by selling flm prcssure
iu the first heal exchanger 113 lo an intcnuediatc prcssure by
opemcting the first decompressor 112 or the second decom-
pressor 115 so as to adjust the refrigerant temperature of the
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lira& heal exchanger 113, lt &s poss&blc Io adiust a heal
exchange quantity of the mternal heat exchanger 114.
Accordingly. it ls possible to perform the operation of the
refrigeratina cycle device with high etTiciency, while ensur-
in the reliability, with ener y consumption smaller than
energy consumption necessary for a conventional example
without setting prcssure to thc lugh-s&dc prcssure which
consululcs Ihc mu»mum cncrgy calculated bv lhc convml-
tional exaniple.

Further. it is possible to adjust a refrigerant holding io

quantity in the tirst heat exchanger 113 in such a manner that
the intermeihate pressure in the first heat exchanger 113 is
changed by operatin the first decompressor 112 and the
second decomprcssor 115 and hence, &I is possible to operate
lhc reflsgcriinu'voke ih:vlcc w lib lhc optiuuuu lelrlgcrdul I

qumltity without providing a receiver for adjusting the
refrigerant at the time of space heating/delnilnidifying

l'urther. by chanyng the opemstion frequency of the
compressor 110 by operating the tirst decompressor 112 and
the second decompressor 115, the space heating capacity can la
be odin&text and hence, &I ls possible to opcratc lhc rcfmg-
cralulg cycle device w&lh au optimum rcfngeranl quanlily
without deteriorating conifi&rtableness

Further. by controlling the release valve 135, it i ~ possible
to prevent the excessive elevation of the discharge tmnpera-
nire of the compressor 110 v ithout lowering the operarion
frequency of the compressor and hence, it is possible to
opcraie Ihc rclngcratlng cycle device wllh lugh comfi&rl-
dblencss and with lugh eliiclcncy.

l'urther. by controlling the refrigerant temperature of the io
firs heat exchanger 113 in such a manner that the pressure
in the first heat exchanger 113 is set to the intermediate
pressure by operatin the tirst decompressor 112 or the
second decompressor 115, it is possible to prevent the
gencranon of thc troat ln thc tirsl heal cxcllangcr 113 ln li
advance wlu:rcby &I &s possible Io perform lhc opcranon of
thc rclbigeratlng cycle dev&cc with high comfortablcncss and
with high etTiciency also with respect to the air conditioner
for a vehicle.

As can be clearly understood from the foregoing expla- do

nation. the present invention can provide the refrigeraring
cycle devices and Ihc opera lulg melhods of lhc reingers! ing
cvcic dcviccwhlch clulblc lhc cthe&col opcidfiou, %bile
mlsuring the rcl&abihty. with a nun&aturidcd low-prcssure
receiver or witllout using a low-pressure receiver by making
use of features of the (:Ol refrigerating system in a refrig-
erating cycle device using CO. refrigerant.

Further. the present invention can provide rhe dehurnidi-
Pyulg dci ice aud thc operatulg of tlm dehunudifyulg method
which enable Ihc cthe&cut opcrdllou while cadi&ling lhc
lclldblllly'nd chnuuiitulg au hnbahiucc of ilu opfiuluul
refrigerant quantity between time fi&r space cooling and time
for space heatin /dehunildifying by adjusting intermediate
pressure without increasing the high-side pressure by mak-
ing use of the features of the CO, refrigeratin sysrem in the &s

dcluunidlfyulg device us&ng thc CO, rcfrigcranl.
lllc iuvcnnon claunixi ls:
1. A refngeratuig cycle device compnsulg. a rclhgerating

cycle subsystem including
a compressor that compresses a refrigerant which contains io

carbon dioxide.
a refrigemsnt-water heat exchanger that perfomts a refrig-

erant-water heat exchmlgc between water and the
refrigerant comprcsscd by thc compressor,

a lira& dccomprcssor couiigurcd io decompress die corn- si
pressed refrigerant passed thmugh said refrjgemu&&-

water heat exchanger.
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a tirsl heat exchanger that perlorms a lira& heal cxchim c

between the refrigemsnt passed through said first
decoinpressor and first air,

an internai heat exchanger that performs an internal heat
exclmngc between thc refrigerant passed tlumigh said
lira& heat cxchdngcr dnd Ihc rcl'ngerdnl subjected Io a
second heat exchange, said compressor receiving the
refrigerant passed fmm an outlet of said internal heat
exchange,

a second dccomprcssor Illa& dccompresscs thc relrigeranl
passed from n further outlet ol'lm &ntcrnal heat
exchanger, and

a second heat exchanger that performs the second heat
exchan e bet&veen the refrigemsnt decompressed by the
second decomprcssor and second air, said almond air
dillbrcnl from saul first mr

said refrigeratin cycle subsystem providin a refrigerat-
ing cycie fi&r said refrigerant by sequentially connecting
said compressor. said rclbigerant-water heal cxclianger,
said lirst decomprcssor, said lira& heat exchanger, said
inlcmal heal exchanger. said scmond decompressor, said
second heat exchan er. and said intenial heat
exchanger, and

a water cycle subsyslmn including.
a power engine that heats the water
the refrigerant-water heat exchan er, the refrigerant-water

heat exchanger rime&vulg thc w ster heat&xi by the power
cugulc,

a heater core that receives the water passed thmugh the
refri erant-&vater heat exchanger„said heater core
arranged downstream of and in pmximity to the second
heat exchanger Io receive thc second mr moddicd by
liow tluough said second heat exchanger, mid

a radiator, separate from said heater core, that receives the
water passed tlirough said heater core and passes the
water to said power engine,

said water cycle subsysteni providing a water cycle for the
water by sequentially connecting said power engine,
said refrigerant-water heat exchanger, said heater core
and said radiator.

whcrcin an lur condlnolung capac&ty &s adiustcd by adlusl-
ing a degree of an openilm of the second decompressor
at a time of heating and delnlmidifying

2 A refngcraling cycle de&ice according to claun 1.
wherein during Ihc ndjusuncnt of the dcgrcc of thc opclung
of thc second dccomprcssor at the umc of heating and
dehunlidifying, a discharge temperature of the compressor is
detected, the detected disclmr e ten&pemsture and a set dis-
charge temperature are compared, and the depee of the
opening of the second deconlpressor is increased when the
ilclcclcd dlschlilgc Iculpcliinuc is equal to or uloic lian dlc
sct discharge Icmperaturc and ls decreased when Ihe
deum&cd d&schargc tcmpcralure is less Ihan the set disci&urge
temperature

3 A refngcraling cycle de&ice according to claun 1.
wherein saul rcfrigeralmg cycle device comprises a third
bypass circuit which connects an inlet and an outlet of the
first heat exchanger by way of a third open/close valve

4 A refrigerating cycle device according to claim 1,
wherein said refrigeratin cycle device comprises a ti&urth

open/close valve at an inlet of said first heat exchanger
5 A refrigemsting cycle device according to claim 1,

v herein said refrigerating cycle device compnses:
a lifih open&close valve which is disposed bctwccn an

outlet of said refriaerant-ivater heat exchanger and said
first decompressor:
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a lirsl tluec-way valve which is disposed bclwu:n an

outlet of said first heat exchanger and an inlet of said
internal heat exchanger:

a fourth bypass circuit which is ciulilected by having one
end thereof disposed between an outlet of said refrig-
emsnt-water heat exchanger and an inlet of said fifih
opmgclose valve and thc other mid formed of smd lirst
tluec-way valve,

a second three-way valve which is disposed between said
further outlet of said internal heat exchanger and an
inlet of said second decompressor;

a tifth bypass circuit which is connected by haviiig one
end thereof formed of said second three-lvay valve and
thc other end thereof disposed bclw ixn an oullcl of smd
liflb open/close valve and an uilcl of said lirsl du:om-
pressor;

a sixth bypass circuit which is connected by having one
end thereof disposed between an outlet of said first heat
exchanger and said first three-way valve and the other
end thereof disposed between said second tluee-way
salve and saul second dccomprcssor mul by way uf a
sixth open/close valve, imd

refri erant circulation mode changeover means which
selectively changes over a steady mode in which the
refrigerant which is flown out from said refrigemlnt-
water heat exchanger is circulated by wny of said fifih
open/close valve and a start mode in which the refri-
cranl is circulated ui saul lmirlh bypass circuit mid smd
liflb bypass circuit.

6 A refngerating cycle device according, to claim 1,

wherein during the adjustment of the degree of the opening
of the second decompressor at the time of heating and
dehumidifying, a refri erant temperature Teva of the second
heat exclmnger is detected. a set refrigerant temperature
Txcva;md Ihc detected relngcmnl lcmpcralure Tele are
compared. and Ihc dcgrcc of thc opmung of thc sixond
dcxomprcssor is dccrcascd when thc dclcctcd rcfn ermlt
temperature 1 eve is equal to or more than the set refrigerant
temperature ixeva and is increased when the detected
refrigerant tempemture Teva is less than the set refrigerant
temperature Txeva

'7. A rcfngcrating cycle device accorduig Io claim 1,
whermn the air comhlionulg capacity Is further adjusted by
ail ustulg a degree ol an opening of Ihc lira l dccomprcssor at
the time of heating and dehumidifying
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8 A refngcraling cycle des ice according to claun 7.
wherein during the adjustment of the degree of the opening
of thc first dccomprcssor al the tune of hcaung and dehu-
nudifying, a refrigemlnt temperature 1 m of the first heat
cxchangcr Is dclccled, a scl rcfrigcranl Icmpcralure Txm and
the detected refrigerant tempemlture Tm are compared, and
the degree of the opening of the first decompressor is
decreased when the detected refrigerant teniperature Tm is
equal to or more than the set refngerant temperature Txm

111 and is increased when the detected refngerant temperature
Tm is less titan thc set rcfrigcrant Icmpcralure Txm,

a refrigerant temperanire leva of the second heat
exclmnger is detected. a set refrigemsnt temperature

I
Txeva and the detected refrigerant temperature Teva
are compared, and the degree of the opening of the first
ilccolllpressor ls decreased whcli lllc dctcclcx! rcfri or-
mll Imnpcralure Teva is ixNal lo or morc limn thc sel
rclbigerant tcmpcralurc Txeva and is utcruiscd when
the detected refrigerant temperature 1'eva is less than
the set refrigerant temperature 1'xeva

9 A refrigerating cycle device according tn claim 1,
wherein the rcfrigerntmg cycle device composes blow-ufi
air tcmpcraturc dctccston mcints which detixla a tcmperaturc
of blow-otT air bloivn otT by way of said heater core and
compressor operating frequency control means which con-
trols nn operating frequency of said compressor, and

said colllprcssol opcliilillg frcqucllcv colllrol lllcalls ciill-
trols the operatmg frequency of said compressor in
response to said detected air tempemlture

113. A refrigerating cycle device according to claim 1,
wherein the refrigerating cycle device comprises discharged
refrigemnt temperature detection means which detects a
dischaigcd rcfngcrant Imnpcrature of enid compressor and

ls
a bypass circuit which bypasses berween an outlet of said

second heat exchmiger and an inlet of said compressor
by v:ay of an open/close valve„and

saul open,close valve lms opening and closing Ihereol
colltiollcd 111 rcspollsc Io said ih:tcclixl discllalgcx!so
refrigerant tempemture.

11. A refrigerating cycle device according to claim 1,
v hich is used as an air conditioner for a vehicle.


