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(57) ABSTRACT

A gas-inlecuon (ype refrigerauon-cycle device has heaL
exchanger where refrigerant extracts ivaste heat from heat-
ing devices In the refrigeration-cycle device, the mode is
changed bet&veen where lower-pressure refrigerant extracts
heat and whcrc intermediate-prcssure refrignant extracts thc
heat of thc hot water. The lower-prcssure refrigerant is
drawn in(o compressor, after heal exchanger is set at the
lower-pressure side of the refrigeration cycle. The
intermediate-pressure refrigerant is in(roducecl into
compressor-gas-injection port, after heat exchanger is set at
the intermediate-pressure side of the refri eration cycle In
another aspect, a clcfrosting moclc of outcloor heat cxchan cr
includes a heating mode, and gas rcfrignant clischar ccl

from compressor flows Ihrough condenser without heaL
exchange. Thereafter, the flow of the gas refngerant &s

divided to two portions, and the gas refrigerant of one
portion flr»vs into outdoor heat exchanger, thereby clefrost-
ing outdoor heat exchanger. The other portion flows into
evaporator, thcrcby heating bloivn air within an air-
conditioning duct by evaporator.
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REFRIGERATION-CYCLE DEVICE

('OSS-RL'I'L)RL)N(IL'O RLI.AI'L)I)
APPI.I('AI1ON

The present mvention is related to Japanese patent appii-
catinn No Iiei. I I-210)J(8, filed Jul. 26, I)79)J; No llei
11-298497, filcrl Oct. 20, 1999; No. 2000-116937, file Apr.
18, 2000; No 2000-148460, filed May 19, 2000; the con-
tents of which are incorporated herein by reference. io

I'IL)I.IJ OI 11IL) INVL'N'11ON

The present invention relates lo a hear-pump-type
refngeration-cycle device, and mnre particularly to a heat-
pump-type refngeration cycle device that changes between
heating, cooling and dehumidifying mndes.

BACKGROUND OF THE INVENTION

In a vehicle such as an electric car, conventionally, since
cnginc waste-heat (hot water) cannot bc used as a heat o

source for hcatin a passcngcr compartment, a heat-pump-
typc rcfmgcration-cycle device is instailcd to heat thc pas-
senger compartment v:ith reftugerant-comlensauon heat
from a comlenser. Here, an outrioor heat-exchanger is oper-

asated as an evaporator during lower-outside temperatures in
winter At that time, however, since heat-extraction by the
outdoor heat exchanger is low, coniprcssor-inhale refriger-
ant prcssure is reduced. Therefore, thc refrigerant spccific-
volumc is increased, and refrigerant-cycle volume is

r )decreased, thereby reducing healing performance. That is,
cold-area operation has low heaung performance ior Ihe.

passenger compartment
In JP-A-9-328013 and JP-A-11-34640, therefore, the

prcscnt applicant has proposed a refrigeration-cycle device
thar increases heating performance. In the reftugerauon-
cycle rlevice, higher-pressure cycle-reingerant is depressur-
rzerl lo mtermeriiale pressure during heatmg. The
intermediate-pressure refrigerant is separated into gas and
liquid refrigerant by a gas-liquid separator I'hen, the
intcrmcdiatc-pressure refrigerant is gas-injected into a
compressor, while recovering the waste heat from heating
devices mounleri on a vehicle. This increases heaung per-
formance.

In the aliove-described devices, the waste heat from
heating dcviccs mounted on thc vehicle is recovered by thc
intcrmcdiatc-pressure rcfrigcrant. For improving heating
pcrformancc by gas-injection, however, thc absolute pres-
sure of Ihe intermediate-pressure reingerant rs sel lo 5 kg
ficm or more and the temperature is sel lo 15'. or more. ro
'I'herefore, when the temperature of the hot rvater (waste-
heat recovering fluid) fnr extracting heat from the heating
dcviccs is lower, the tcmpcraturc diffcrcncc bctwcen thc hot
water and thc intcrmcdiatc-pressure refrigerant is
rnsuffircicnt, thcrcby making thc waste-heat recovery impos- ss
sible. Also, an evaporator for a refngeranon cycle rs dis-
posed upstream of an air duct of an inrioor mr-conditioner
unit A condenser is dispnsed at the downstream side thereof
With this arrangement, dehumidification is perfnrmed,
thcrcby rlcfrostin a windshield. ro

Also, in thc above dcscribcd prior art, thc rcfri erant-flow
direction is changed so that gas refrigerant discharged from
the compressor flows into an outdoor heat-exchanger dunng
cooling aml into an indoor condenser during healing, chan-
nelerl by a four-way valve disposed on the compressor- ss
discharge side When the outdoor heat-exchanger is frnsted
during heating, the refrigerant-flow directinn is reversed by

Ihe four-way valve creanng a reverse cycle (cooling cycle)
Accordingly, frost on the outdoor heat-exchanger is
removed rvith heat from the higher-temperature as refrig-
erant discharged from the compressor.

Since the outdoor heat exchanger is defrosted by the
reversed cycle, mdoor healing cannot be periormed dunn ~

defrosung. As such, the passenger ix)mpartment remains
cold

Also, since thc four-svay valve changes thc operation
mode to chan e thc rlircction of refrigeration-florv, thc
refwgerani-piping structure of ihe cycle is complicaterl anil
Ihe number of components such as check valves are
increased The present invention rvas developed m light of
these drawbacks

SUMMARY OF THE INVENTION

In light of these anil other aforcmentioncd drawbacks, thc
present inveniion provides a gas-int eel ion type reihgeraiion-
cycle device havrn ~ a heat-exchanging means where refng-
erant extracts heat from a waste-heat recovenng flurd which
has recovered rvaste heat from heating device I'urther, the
operation mode of the present invention can be changed
bctwcen a lower-prcssure-side heat-extraction heat-pump
mode, an intermediate-prcssure-side heat-extraction hcat-
pup mode and a gas-injection heat-pump mode. In the
lower-pressure-side heat-extraction heat-pump mode, the
heat-exchanging means is sel io a lower-pressure side, and
the lower-pressure refrigerant drawn into the compressor
extracts heat from the rvaste-heat recovenng fluid In the
intermediate-prcssure-side heat-extraction heat-pump mode,
heat-cxchan~vn means is set at an intermcdiatc-pressure
side, and ihe intermerhale-pressure refngerant introduced
into compressor-gas-injection port extracts heat irom ihe
waste-heat rem)venng fluid. In the gas-injection heat-pump
mode, heat extracted from the waste-heat recoverin tluid rs

stopped, and the intermediate-pressure refrigerant is drawn
into gas-injection port.

Since thc rcfrigcrant mode can l)c changed bctwccn thc
three heat-punip modes in this manner, thc heat-pump mode
rs selected accorrling lo the temperature of Ihe waste-heat
recovering fluid anil Ihe amount of waste heat from heaun ~

device. Therefore, this preferable mode selection can make
the waste-heat recovery from heatin device etfective,
thereby preferably improving the heatin performance over
all ranges of waste-heat rccovcring fluid tempcraturc and thc
amount of svastc heat.

In another aspect of thc invention, thc refrigeration-cycle
device has a condenser, lor heaung air with the gas refng-
erant discharged from m)mpressor and is disposed within
air-conditioning duct. Lvaporator, for cooling air, is dis-
posed upstream of said condenser tv)thin air-conditioning
duct. In the refrigeration-cycle rlcvice, thc operation mode
can l)c changed bctwccn a heating mode, a coolin mode and
dchumidifyin mode. During the heating mode, hot air
heated by conrlenser is blown into a passenger compartment
while outdoor heal-exchanger (24) operates as an evapora-
tor IJurin the cooling mode, cool air cooled by evaporator
is blown into the compartment while the heat exchanger
operates as a condenser. During thc dehumirlifyin mode,
thc air, coolerl by evaporator and again hcatcrl liy condenser,
is blown into thc compartment.

Furthermore, rn the relrigerauon-cycle device, when a
defrosling mode for defrosung outrloor heal-exchan cr is sei
io Ihe heanng mode, ihe gas refngerant discharged from
compressor is divided into two portions. One of the divided-
refrigerant portions tlows into outdoor heat-exchanger for



deirosling anil the other tlows into evaporator to heat blov:n
air within air-cnnditioning duct.

Accordin to this manner, the passen er compartment can
bc hcatctl by thc air-hratin operation of evaporator while
outdoor heat-exchanger ts defrosted. That is, when evapo-
rator is nol used for healing, evaporalor is elfectively utilized
in Ihe defrosling mode, thereby ensuring imloor-heaung
during the rlefrostmg mnde without complicating the refrig-
eration cycle.

In thc present invention, thr refrigeration-cycle device I t I

iurther incluties lirsl heat-exchanger for recovering lhe
waste heal from healing device. In the deirosting mode., Ihe.

waste heat from heating device is extracted by the refriger-
ant and prnvided to evaporator by first heat-exchanger.

IS
Further areas of applicability of thc present invention tvill

become apparent from Ihe detaileti descnption provided
hereinafter Il shoulti be untierstood that Ihe detaileti descrip-
uon and speciiic examples, while intiicaung preferred
embodiments of the invention, are intended for purpnses of „

dlustration only, since various changes and moditications
within thc spirit and scope of thr invention will become
apparent to those skilled in thc art from this detailed descrip-
tion

BRIL'I'LtS('RIP l1ON OI'IIL'&RAWINGS

Thc prcscnt invention will become morc fully understood
from Ihe delaileti descnption ami the accompanying
drawings, wherein.

I'l(t I is a refrigeration cycle diagram shnwing a first
cmbodimcnt of a rcfri cration-cycle device according to the
prcscnt invention,

FIG. ZA is a perspective view showing a refrigerani-
refrigerant-hot-water heat exchanger used in the first
embodiment of a refrigeration-cycle device according tn the
present inventinn,

FIG. 2B is a sectional view cut along 2B—2B of FIG. ZA
of a water heal exchanger for a refngeralion-cycle device
accordtng lo Ihe present invenuon;

FIG. 3 is a front view showing an air-conditioning panel
for a rcfri oration-cycle device according to thc prcscnt
invention;

FIG 4 is a diagram view operation regions of a
temperature-control lever in an air-conditioning panel for a as
refrigeratinn-cycle device according tn the present inven-
tion,

FIG. 5 is a graphical view illustrating a cooling region for
a temperature-control lever ior a reingeration-cycle device.
according to the present invention; so

FIG. 6 is a characteristic diagram illustrating a dehumidi-
fying region of a temperature-control lever for a
reingeration-cycle tievice according to the present inven-
lion,

FIG. 7 is a graphical view dlustrating a heating region of
a temperature-control lever fnr a refrigeratinn-cycle device
according to the present invention;

I'IG. 0 is a flowchart illustrating an nperation for a
rcfn cration-cycle dcvicc according to thc present inven- „,
tion,

FIG. 9 is a table illustrating thc operation of valves and
doors to be used for a refrigeration-cycle device accortiing
to the present invention,

FIG. 10 is a Mollier diagram for a gas-injection heat- as

pump mnde for a refrigeration-cycle device according tn the
present inventinn,

FIG. 11 is a Mollier diagram at a lower-pressure-side
water-heal-extraction heal-pump mode for a reingerauon-
cyclc device according to thc prcscnt invention;

I'IG. 12 is a Mollier diagram at an intermediate-pressure-
sule water-heal-extraction heat-pump mode for a
refrtgeraflon-cycle device according to the present inven-
tion;

FIG. 13 is a diagrammatic view of heaung performance
Qc and COP in changing lhe heat-pump mode for a

rcfri cration-cycle device secor(ling to thc present inven-
tion;

FIG. 14 is a diagrammauc view of a refngeralion cycle for
a refri eranon-cycle device accortiing to the present inven-
tion;

11G. 15 is a diagrammatic view of a refri eration cycle for
a refrigerauon-cycle device according to the present inven-
lion,

I'IG 16 is a refrigeration cycle diagram for a
refwgeration-cycle device accortling to the present inven-
lion,

I'IG 17 is a refri eration cycle diagram for a
rcfri cration-cycle device secor(ling to thc present inven-
tion;

I'IG lg is a refrigeration cycle diagram for a
rcfri eration-cycle device according to the prcscnt inven-
tion;

FIG. 19 is a table illustrating thc operation of valves anil
doors for a refrigeration-cycle device accordin to thc
present invention;

FIG. 20 is a refrigeration cycle thagram for a
rcfri eration-cycle device according to the prcscnt invcn-
lion,

FIG. 21 is a refrigeration cycle diagram for a
rcfri cration-cycle device secor(ling to thc present invcn-
lion,

FIG. 22 is a refrigeration cycle thagram for a
rcfri eration-cycle device according to the prcscnt invcn-
lion,

FIG. 23 is a refrigeration cycle diagram for a
rcfri cration-cycle device secor(ling to thc present invcn-
lion,

FIG. 24 is a refrigeration cycle thagram for a
refwgeration-cycle device accortling to the present inven-
lion,

FIG. 25 is a Mollier tliagram at an intnmcdiatc-prcssurc-
sule waler-heal-extraction heal-pump mode for a
refrtgeraflon-cycle device according to the present inven-
tlotl;

FIG. Z6 is a Mollier duigram at a lower-pressure-side
water-heaL-extraction heat-pump mode ior a reingerauon-
cycle device according to the present invention;

FIG. 27 is a Mollier diagram dlustraung the deirosung
cycle for a refngerauon-cycle tlevice according to lhe
present invention;

FIG. Zfl is a refrigeration cycle diagram for a

refwgeration-cycle device accortling to the present inven-
ttotl;

FIG. Z9 is a refrigeration cycle diagram for a

refrigeration-cycle device according to the present inven-
tlotl;

FIG. 30 is a refrigeration cycle diagram for a

refrigeration-cycle device according to the present inven-
ttotl;

FIG. 31 is a refrigeration cycle diagram for a

refrigeration-cycle device according to the present inven-
tlotl;



exchanger fi)r a relngeration-cycle device according to the
present invention;

FIG. 47 is a front view of thc significant portion of a
refrigerant-rcfri crant-hot-water heat cxchangcr for a
refngeration-cycle device accorcling to the present inven-
lion,

I'IG. 4II is a sectional view taken along line 48~8 in
FIG. 47 according to thc present invention;

FIG. 49 is a secnonal view Uiken along line 49~9 in
FIG. 47 according to Ihe present invenuon;

11G. 50 is a front view of the s(gn(ficant portion of a
refrigerant-rcfri crant-hot-water heat exchanger for a
rcfri cration-cycle device accorcling to thc present inven-
tion;

11G. 51 is a sectional view taken alon line 51 51 in
I'l(i 50;

FIG. 52 is a front view shoivin a refrigerant-rcfri crant
heat exchanger for 6 refrigeration-cycle device according to
Ihe present inveniion;

I'IG. 53 is a sectional view taken along line 53 53 in
Fl(i 52;

FIG. 54 is a secnonal view Uiken along line 54—54 in
FIG. 52;

11G. 55 is a sectional view showin a refngerant-
rcfri crant-hot-water heat cxchan cr for a rcfrigeration-
cycle device according to thc present mvcntion;

FIG. 56 is a perspective view of Ihe signilicanl portion of
a refrigerant-refrigerant heat exchanger for a refrigeration-
cycle device according to the present (nvention;

FIG. 57 is a refrigeration cycle diagram showing a first
cmbodinicnt according to the present invention,

I'IG. 5's a sectional view showing a refrigerant-
refrigerant heat exchanger for a refrigeration-cycle dev(ce
according to the present invention;

FIG. 59 is 6 table illustrating the operation of valves and
doors for a refn aration-cycle device according to lhe
present invenUon,

FIG. 60 is a Mollicr diagram illustrating thc operation of
a rcfri cration cycle in a heating mode for a rcfrigeration-
cycle device according to thc present mvcntion;

FIG. 61 is a duigrammatic view illustrating heanng-
performance difference due to the presence or ahsence of
ivaste-heat recovery for a refrigeration-cycle device accord-
in to thc prcscnt invention;

FIG. 6Z is a Mollier chagram illustraung the relngerauon
cycle chllerence due to Ihe presence or absence of waste-heat
recovery for a refri eration-cycle device accnrding to the
present invention;

FIG. 63 is a refrigeration-cycle diagram illustrating thc
operauon al a defrosnng lime for a refngeration-cycle
device accordmg lo Ihe present invenbon;

FIG. 64 is a Molher diagram illustraung a delrosun ~

operation for a refri eration-cycle device according to the
present invention;

I'l(k 65 is a refrigeration-cvcle d(agram for a
rcfri cration-cycle device for a refrigeration-cycle clcvicc
according to thc prcscnt invention;

FIG. 66 is a refrigeration-cycle cliagram showing a thircl
embodiment for a refngeralion-cycle device according lo the
present invenUon,

FIG. 67 is a Mollier diagram illustraung 6 delrosung
operation for a refrigeration-cycle device accnrdmg to the
present invention;

FIG. 32 is a Moll(sr diagram illustrating a del rosting cycle.
for a refrigerat(on-cycle device according to the present
(nvention;

FIG. 33 is a table iliustrating vaivr operation for a
relngeration-cycle cfevice according to the present inven-
lion,

I'IG 34 is a diagrammatic view of a change in heat-pump
mode for a refrigeration-cycle device according to the
prcscnt invention,

)o
FIG. 35 is a tlowchart illustrating an operabon of. a

refngeration-cycle device according to the present inven-
tion,

FIG. 36Ais a dia rammatic view illustrating thc relation-
ship bctwccn hcatin performance Qc, COP and hcat-
exlraclion lor the change in heat-pump mode lor a
refngeration-cycle device according to the present inven-
tion,

FIG. 36B is a dia rammatic view illustrating thc relation-
ship bctwccn hcatin performance Qc, COP and heat- "o

extraction lor the change in heat-pump mode lor a
refngeration-cycle device according to the present inven-
tion,

FIG. 36C is a dia rammatic view illustrating thc relation-
ship bctwccn hcatin performance Qc, COP and hcat- "'xlraclionlor the change in heat-pump mode lor a
refngeration-cycle device according to the present inven-
tion,

I'IG. 361) is a diagrammatic view illustrating the relation-
ship bctwccn hcatin performance Qc, COP and hcat- ''()
extraction for thc change in heat-pump mode for a
refngeration-cycle device according to the present inven-
tion,

I'IG. 37 (s a flowchart illustrating an operation for a
rcfn cration-cycle dcvicc according to thc present inven-
tion,

FIG. 38 is a cfiagrammalic view showing Ihe sel value, of
hot-water temperature for a refrigeration-cycle device
according to the present invention; so

I'IG. 39 is a diagrammatic vieiv showing the change of the
heat-pump mode for a refrigeration-cycle device according
to thc prcscnt invention;

FIG. 40 is a front view showing a refrigerant-refrigerant
heal exchanger lor a refngeralion-cycle cfevice according io 65

the present invention,
FIG. 41 is a sectional view taken along line 41~1 in

I l(i. 40 for a refrigeration-cycle device according to the
present invention,

I'IG 42 is a sectional view taken along line 42~2 in 50

FIG. 40 for a refrigeration-cycle device according to the
prcscnt invention;

FIG. 43 cs an cxplodcd pcrspcctivc view showing the
signilicanl portion of a relngeranl-refrigerant heal
exchanger for a refrigeration-c:ycle device according lo Ihe.

present invention;
I'IG. 44 is a perspective view showing the assembly of the

sign(ficant portion of a refrigerant-refrigerant heat
cxchangcr for a rcfrigcration-cycle device accordin to thr
prcscnt invention,

FIG. 45 is an cxplodcd perspective view showin thr
sigmlicanl portion of a refngerant-refrigerant heat
exchanger for a refrigeranon-c:ycle device according lo Ihe
present invention, 65

I'IG 46 is a perspective view showing the assembly of a
significant portion of a refrigerant-refrigerant heat



FIG. 68 is a refrigeration-cycle diagram for a
refrigeratinn-cycle device according tn the present inven-
tion;

FIG. 69 is a schematic perspcctivc view iflustrating an
integral-type heat exchanger for a refngerauon-cycle device.
according lo Ihe present invennon;

I'IG 70 is a sectional view along line 70 70 in FIG 69
for a rcfrigcration-cycle device according to the present
invention; anti

iu
FIG. 71 is a refngeralion cycle duigram of. a refngeration-

cycle device according Io Ihe present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

is
FIG. 1 shows an air-conditioner for an electric car accord-

ing to a first embodiment of. Ihe present invenuon. Atr-
condittoner unit I is an indoor unit mounted in the passenger
compartment of the electric car, with air-conditioning duct 2
for introducing the conditioned air into the passenger corn- zo

partmcnt. Air-conditioning duct 2 is equipped, at onc cnd,
with inlets 3, 4, 5 for inhaling inside and outside air.
Inside-air inlet 4 and outside-air outlet 5 arc opcncd closed
by inside/oulsirfe air changing door 6.

Adjacent to above inlets 3—5, bfoiver 7, for bloiving air
into air-conditioning duct 2, is disposed. Iflower 7 is com-
posed of a motor (not shown) and fans 7a, 7b driven by a
motor. At thc other side of air-conditioning duct 2, plural air
outlets, which communicate with the inside of the passenger
compartment, are providerf. These air outlets include fool
outlet 0 for blowing conditioned air Iowarrf the feel of. a
passenger in the passenger compartment, face outlet 9 for
lilowing conditioned air toward the upper half of the pas-
scngcr therein and defrost outlet 10 for blowing conditioned
air onto thc inner face of thr vehicle windshield.

In air-conrfilioning duct 2, coohng evaporator 11 ts dis-
posed dovvnstream of blnwer 7 ( ooling evapnrator 11 is an
indnor heat exchanger and part of refrigeration cycle 21
Coolin evaporator Il opcratcs as a cooler for drhumidify-

so
ing and cooling the air within air-conditioning duct 2 by
using endothermic action of the refrigerant flowing therein
in cooling anrf dehumidifying modes descnberf later.

In air-conditioning duct 2, heating condenser 12 is dis-
posed dnwnstream of cooling evaporator 11 Heating con-
dcnscr 12 is an inrloor heat cxchan er composing a portion
of rcfrigcration cycle 21, and operates as a heater for heating
the air within air-conditioning duct 2 when in heating or
dehumirfiTying modes. This healing action is caused by
heal-rrmhation from the refngeranl flov;ing therein.

The air passage in air-conditioning duct 2 is divided into
first air-passage 14, second air-passage on a side nf duct 2
proximate face outlet 9 and defrost outlet 10 by partition
wall 13. This halving of air passages 14, 15 is carried out for
performing thc following insideroutsidr air mode during a ss
heaung mode in winter. In Ihe inside/outside air mode,
healerf inside-air is introduced into lirst air-passage 14
thrnugh insirle-air inlet 3, and is blown tnward the feet nf a
passenger, thereby reducing heating load At the same time,
in thc inside/outsirlc air mode, low-humidity outside-air is „ti
introrluccd into second air-passage 15 in thc side of defrost
outlet 10 through outside-air inlet 5 to prcvcnt thc wind-
shield from fogging.

Doors 16, 17 are passage-i:hanging doors for changing Ihe
air passage between condenser 12 and bypass passage. 12a. ss
lfypass passage 12a bypasses condenser 12. Dnor 17 also
operates as a partition member of air passages 14, 15 l)oor

10 is disposed downstream of. air passages 14, 15, anhf is a

state-chan ing door for changing the state between a parti-
tion state of air passages 14, 15 and a communication state
thereof The outlets 0, 9, 10 are respectively openerl/closed
by each outlet-changing door not shown. Thc refrigeration
cycle 21 is a heat-pump-type refrigeration cycle for cooling,
heaung and dehumidifymg the inside of the passenger
comparlmeni with cooling evaporator 11 and healing con-
denser 12

Refrigeration cycle 21 includes clcctric refrigerant com-
pressor 22 and an accumulator ( as-liquirl separator) 25 at
Ihe inlet side of compressor Z2. Accumulator Z5 separates
gas and liquul of. lower-pressure cycle relrigeranl
(rein eranl drawn into Ihe compressor) and reserves the
surplus liquid refrigerant Accumulator 25 includes
U-shaped refrigerant-outlet tube 25a, ivhich draivs gas
rcfri erant from thc upper-encl opening thcrcof, thereby
prcvcnting thc liquid refrigerant from rcturnin to compres-
sor ZZ. Al the same ume, liquid refmgeranl, in which oil is
dissolved, is inhaled from the small-diameter oil-returning
holes (not shown) provided al the bottom of U-shaped
refrigerant-outlet tube 25n of accumulator 25 Then, the
liquid refrigerant is mixed into the gas refngerant, thereby
ensuring the oil-rctumin pcrformancc by compressor 22.

Reftngerant-refrigerant heat exchanger 23 is formehf by
mle rating a refrigerani-refmgeranl heal exchange portion
and a water-refrigerant heat exchange portion, and is for
recovering ivaste heat from hot water (ivaste-heat recovering
fluid) In the refri erant-refrigerant heat exchange portion,
thc gas-liquid intermediate-prcssure rcfrigcrant cxchangcs
thc heat with higher-prcssure refrigerant which is to bc
gasified. The specific structure of refrigerant-refrigerant heal
exchanger Z3 is describeil later with reference to FIG. 2.

Outdoor heat-exchanger 24 is installed outside the pas-
scngcr compartment of thc clcctric car, anil exchanges heat
vvith outside air blovvn by an clcctric outdoor fan (not shown
in lhe drawing). First depressunzing device 26 bypasses a
poruon ol: Ihe higher-pressure refmgeranl, having passed
Ihrough condenser 12, and ilepressunzes this poruon to an
intermediate pressure. Second depressurizing rlevice 27
depressurizes the higher-pressure refrigerant at the outlet of
heat cxchangcr 23 to a lower pressure dunng heating. First
and Second dcprcssurizing devices 26, 27 arc made of an
eleclnc expansion valve where a valve-open degree is
eleclncafly adjusted. This electric expansion valve, for
example, includes an electric dover such as a step motor. In
this electric expansion valve, the position of a valve element
is adjusted by an electric driver, thereby adfusting the open
de rcc of a rcfrigcrant-throttle passage

Third depressumzing device 29 depressurizes the higher-
pressure refrigerant, condensed in outdoor heat-exchanger
24 during cooling, to lower pressure In the present
embodiment, hxed throttle composed of a capillary tube and
an orifice, located downstream thereof, is used as third
deprcssurizin rlcvice 29. Howcvcr, thirrl dcpressurizing
device 29 can bc composed of an electric expansion valve
simihir lo lirst and second depressurizing devices 26, 27.
Solenoid valves Zgrt—28d respectively compose each
refrigerant-route chan ing means for changing the
refrigerant-floiv route according to cycle-operation condi-
tinilx

Relingerant-compressor 2Z is an electric compressor with
an AC motor (not shown) mtegrally packaged in a sealed
case, aml is dnven by the vehicle motor to intel e, compress
and discharge refrigerant A('oltage is supplied to the AC
motor of this refri erant compressor 22 hy inverter 30, the



frequency of Ihe AC voltage is ariiusted by this inverter 3U,
and continuously changes the revolution speed of the motor
I'hat is, inverter 30 is revolution-speed adjusting means for
compressor 22, and D(: vnltage is applied thereto from
battery 31 mounted on thc vehicle. Thc power supplied to
invcrtcr 30 is controlled by air-conditioning controller 40.

Refrigerant compressor ZU is equipped with ihscharge.
port 22a, intake port 22b and injection port 22c. Discharge
port 22a discharges the cnmpressed refrigerant, intake port
22b intakcs rcfri crant from thc lower prcssure side of thc
cyck, and gas injection port 22c injects thc intermediate
pressure gas refngeranl. This gas injection port 22c com-
municates with reftugerant-refrigerant heal exchanger 23
through gas-injection passage 22d which is equipped v:iih
solenoid valve 28d. is

In thc high-prcssure-side refrigerant piping, refri erant-
tcmpcraturc sensor 41a and high-pressure sensor 41b arc
disposeri, which respectively rietect the temperature anil
pressure of the high-pressure refngeranl at Ihe outlet of.

refngerant-refrigerant heat exchanger 23 I'he output signals o

of these sensnrs 4la, 4th are input into air-conditinning
controller 40 to control the npen degree of lirst depressur-
izing dcvicc 26. This controls thc superheating degree of the
intcrmcdiatc-prcssure refrigerant at thc outlet of heat
exchanger 23.

FIG. 2 shows an example of heat exchanger 23. Heal
exchanger 23 is formed by integrating first passage Z3a,
secnnd passage 23b and third passage 23c In lirst passage
23a, the high-pressure refrigerant tlows theirthrough In the I)
second passa c 23b, thc gas-liquid two-phase intermediate
rcfn crant, dcprcssurizcd by first dcprcssurizing device 26
or the lower-pressure rei nge rant, fiows. In third passage 23c,
the hot water (the waste-heat recovenng lluid), descmberl
later, llows. Each of these three passages 23a—23c is com-
posed of tlat plural tubes extruded from metal such as
aluminum (refer to I'IG. 2(b)). I'irst (higher pressure) pas-
sa c 23aanrl second (hot water) passage 23c arc bonded to
opposite sides of second passage 23b, so that these three
passu cs arc integrated. Therefore, the refrigerant within

(D
seconri passage 23b can exchange heat with higher-pressure.
reingeranl within iirst passage 23aaml the water within third
passage 23c

Next, hot-water circuits 80, which circulates hot seater
into third (hnt water) passage 23c nf above-described heat
cxchangcr 23, will bc explained. This hot-water circuit 80
provides cooling for heating devices (waste-heat source) 81
mounleri on the electnc car. For example, heating devices 81
include an AC motor (nol shown) for runmng the electnc
car, a semiconductor-switching element (power iransistor), a
fuel cell, a fuel-refining device for producing the fuel
(hydrngen) from a fuel cell and the like

Hot-water circuits 80 includes not only thc above-
mcntioncd heat cxchangcr 23, l&ut also electric water-punip
82 for circulating thc hot water, solenoid three-way valves ss
(water-circuit changing means) 83, 86, raduitor 84 ior radi-
aung Ihe heal of the hot water (coohng water) io outside air
and bypass passage 85 fnr radiator 84. By the changing the
operation of three-way valve 83, the hnt water heated at
heating dcviccs 81 fiows into heat exchanger 23, or flows „I)

into radiator 84. By thc changing thc operation of three-way
valve 83, thc hot water heated at heating devices 81 flows
into rariiator 84, or llows into bypass passage 85.

Atr-condttiomng controller 4U is composeri of a micro-
computer and peripheral circuits, and the output mgnals of. ss
sensor group 41 are input therein Sensor group 41 invnives
not only abnve sensors 4 la, 41b, 4 if, 418 but also includes
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outside-iemperalure sensor 41c, evaporator-lemperalure
sensor 41d, ihscharge-temperature sensor 41e, refrigerant-
tempcraturc sensor 4th, water-tcmpcraturc sensor 41i, cur-
rent sensor 41j and thc like. Outsirlc-tcmperaturc sensor 41c
is disposed proximate outdonr heat-exchanger 24
Lvaporator-temperature sensor 41d detects the temperature
of the air passing through evaporator 11. Discharge-
lemperalu re sensor 41e deiecls Ihe temperature of gas

refrige-

rantt rlischargcrl from compressor 22. Rcfrigcrant-
iemperature sensor 41/i detects the temperature of ihe
refngeranl ai ihe outlet of outiloor heat exchanger 24. Water-
iemperaiure sensor 41i detects the temperature of the hoi
water at the hot-water outlet of heatin devices 81 of
hot-water circuits 80 ('urrent sensor 41j detects the current
ot'nvcrtcr 30. Further, thc signals representing thc position
of lcvcrs, opcraterl by thc passenger (user) through air-
condiuomn ~ control panel 50 (shown in FIG. 2), are input
mio air-comhnoning controller 4U.

In FIG. 1, only clcctrical connections among compressor
2Z, inverier 30 and air-conditioning controller 4U are shown.
However, other electncal connecuons between other appa-
ratuses and air-conditioning cnntroller 40 may exist
Accordingly, air-conditioning controller 40 also controls
each operation of first and second depressurizmg devices 26,
27, solcnoirl valves 28a—28d, rloors 6, 16—18, outlct-
changin rloors (not shown), t)lower 7, an (not-shown)
outdoor fan, and solenoid three-way valves 83, 86.

In air-conditionin control panel 50 shown in FIG. 3, thc
followin operation, manually opcraterl by the passcngcr,
are provided. Temperature-control lever 51 sets the target
temperature of. Ihe air blown into the passenger
compartment, and thereby sets the target rotation-speed of
electric compressor 22 in the present embodiment I urther,
according to thc tar ct value set t)y thc operation position of
tempcraturc-control Icvcr 51, solenoid valves Zga—Zgd and
passage-chan in doors 16, 17 arc controlkd to open and
close. This chan es the operauon modes of the reingerauon
cycle and controls Ihe amount of heal-exchange irom con-
denser 12

As shown in FIG. 4, as lever 51 is moveil irom the left
side io Ihe nghi side, ihe operauon mode is changed from ihe
cooling mode to the heating mode through the dehumidify-
ing mode sequentially. As shown in I'IGS 5—7, by the
operation position of temperature-control lcvcr 51, thc tar ct
tempcraturc of the air blown from thc evaporator is sct at thc
cooling mode, and the target higher-pressure is sct at thc
dehumidifying mode aml the heating mode. A signal of the
operation position (target value) of temperature-control
lever 51 is input into contrnller 40 Then, controller 40
controls the rotation speed of cnmpressor 22 so that the
actual tcmperaturc of thc air t)loivn from thc evaporator or
thc actual higher prcssure dctectcd by sensor group 41
conforms vvith thc above target value, thcrcby controlling
Ihe temperature of the air blown mto the passenger com-
partment. Changing lever 5Z changes airllow speeds of
blower 7 Air-conditioner sivitch 53 turns ON,)OI 1'om-
pressor 22 Conditioned-air bloiv-mode changing lever 54
opens closes changing doors (not shown) of outkts 8, 9, 10
Lastly, inside)outside air changing lever 55 opcnsicloscs
inside)outside air chan in rloor 6.

Next, the operation of a first cmbodimcnt will bc
explained. If air conditioner switch 53 is turned on, its signal
is input into controller 40 aml controller 40 turns on com-
pressor ZZ. FIG. 8 shows a control routine periormed by
controller 40, which is started by turning on air comliuoner
sivitch 53 At step SIUU, contrnller 40 inputs si nals such as
those detected by sensor group 41 and nperation signals



from air-conditioning control panel 50. Then, at step S110,
it is determined whether the heaung mode is set. That ts,
when tcmpcraturc-control icvcr 51 is positioned between
PH1 and PHZ, thc heating mode is sct, and the program
proceeds tn step S120 At step 120, it is determined ivhether
the water temperature I'W at the hot-water outlet of heating
devices 81 of hot-water circuits 81 is higher than preset
value TW1. When TW&TW1, the program proceerls to step
S130, and a gas-injection mode is sct. In the gas-infection
mode, valves aml rloors are controlled in state (jl in a ia
heating mode shown in FIG. 9, where solenoid valve 2&c is
closed and solenoid valve 2&d is opened. Therefore, as
indicated by black arroivs in I'IG I, second passage 236 of
heat exchanger 23 communicates with gas-injection pnrt 22c
of compressor 22 through passage 91.

When the heating mode is selected, three-way valve 86
opens bypass passage 85 and clnses passage through radiator
84 in hot-water circuit 80. Accordingly, hot water flows
through bypass passage 85, thereby stopping heat radiation.
When the gas-injection mode is set dunng the heanng mode,
since three-way valve 83 opens bypass passage 85 and
closes passage thrnugh heat exchanger 23 of refrigeration
cycle 21, thereby stopping hot water flow into heat
exchanger 23. I'he superheated gas refrigerant discharged
from compressor 22, has a higher temperature and prcssure,,-
and flows into indoor condcnscr 12, and exchanges heat with
(raihates the heat to) air blown by blower 7. The hot air
heaterl by gas-refrigerant comlensation is blown into the.

passenger compartment mainly from foot outlet 8, thereby
heating the passenger compartment At this time, since
passage-changing doors 16, 17 npen the air passage at the
side of condenser 12 and close bypass passage 12a, air
blown by blower 7 flows through condenser 12 and is
heaterl.

Aportion of thc high-prcssure two-phase refrigerant hav-
ing flowcrl out of condenser 12 passes through second
passage 236 of heat exchanger 23 from branch point 92, and
flows tnto Iirst ilepressurizing device 26 to be depressurized
to intermediate pressure PM from higher pressure Pil indi-
catedby a Moflierdiagram shown in lqG 10 I'he t&vo-phase
rcfrigcrant dcpressurized to intermediate prcssure PM
passes through second passage 236 of heat exchange 23, and
cxchangcs thc heat with (extracts thc heat oi') the highcr-
pressure reftngerant passing through lirst passage 23ato be
gasilieil. The gasdied refngerant is introduced into in&ection
port 22c through passage 91 as indicated by black arrnws A

The high-pressure relngerant passing through lira( pas-
sage 23aof heat exchanger 23 Irom branch point 9Z
exchanges heat with (radiates the heat to) the refrigerant
passing through second passage 236 to be supercnoled 'I'he

supcrcoolcd higher-pressure rcfri erant is deprcssurizcd to
lower prcssure PL by second dcprcssurizin device 27, and
flows into outdoor heat-exchanger 24. At this time, since
solenoid valve 2&b for cooling is closed, the rel nge rant does
not flow into the refngerant passage at the stile of. solenoirl
valve 2&b for cooling When the lower-pressure refrigerant
passes through outdnor heat-exchanger 24, the refrigerant
extracts thc heat of the air (outside air) blown l&y thc outdoor
fan.

The gas refngerant, gasified in outdoor heat-exchanger
24, flows into accumulator 25 through solenoid valve 2&a.
Thc liquirl rcf&ngerant, cncrated duc to heating-load
fluctuation, is reserverl within accumulator 25. In accumu-
lator 25, the gas refngerant is drawn from the upper-enri
opening of its U-shape&1 relngerant-outlet tube 25a. At the ss
same time, the liquid refrigerant, in ivhich oil dissolves, is
drawn frnm the oil-returning holes (not shoivn) prnvided at

12
the bottom of. U-shaped refmgerant-outlet tube 25a. Then,
the hquid relngerant t& mixed into the gas refrigerant, and
the gas rcfri crant is inhaled into intake port 226 of com-
pressor 22. According to this nianncr, even when refrigerant-
flo&v volume is smaller such as a lower-load heating time
during a middle period, oil is returned to compressor 22

FIG. 10 is a Moflier rliagram showing thc rcfn crant state
of thc rcfrigcration cycle during hcatin operation accordin
to the gas-injection mode. Black arrows in I IG I indicate
the refrigerant-tlo&v route durin heating operation The
open degree of. Iirst depressurizing device 26 is controlled by
controfler 40 based on the signals detected by temperature
sensor 41f and prcssure sensor 41g for thc intcrmcrliatc-
prcssurc refrigerant. By this open-rlc rcc control, thc flow
volume of the gas-injection refrigerant, tlo&vin into injec-
tion port 22c of rompressor 22, is controlled sn that the level
of. superheann ~ degree SH of the gas-injecuon refngerant
becomes a predetermined value. That is, if superheaung
dcgrce SH of thc as-injection rcfrigcrant bccomcs larger,
thc openin of first dcprcssurizing device (electric expansion
valve) 26 is increased If superheating degree SI I becomes
smaller, the openin of first depressurizing device 26 is
reduced.

The opening of second depressurizin device 27 is con-
trofled by controller 40, thereby controfling the amount of
heat exchan ed in heat exchanger 23 so& that supermoltn ~

de ree SC of. the higher-pressure refmgerant exiung lira(
passage 23aof heat exchanger 23 becomes thc prcrlcter-
mincd value. That is, when supcrcooling degree SC of thc
higher-pressure refrigerant becomes larger, the pressure
value of the higher-pressure refrigerant is reduced by
increasing the opening of second depressurizing device 27,
thcrcby reducing supcrcooling rlc rcc SC When supcrcool-
in dc ree SC bccomcs smaflcr, the prcssure value of thc
hi her-pressure refrigerant is increased by reducing the
opening of second depressurizing device Z7, thereby
increasing supercoolin de ree S('.

In FIG. 10, Gi ts the flow volume of the refngerant
gas-inlected into inlection port ZZc from injection passage
91, and Ge is the flow volume of the refrigerant drawn into
compressor 22 through outdoor heat exchanger (evaporator
durin heating) 24. ((II is the cnthalpy diifi:rcncc of thc
intermediate-prcssure refrigerant at thc gas-injection sirlc
&vhich extracts the heat at heat exchanger 23. AIZ is thc
enthalpy ddference of the higher-pressure relngerant which
radiates the heat at heat exchanger 23 and heads lor second
depressurizing device 27 The refrigerant cycle-tlow volume
for condenser 12 is increased to (Gi+('e), thereby improving
heating performance

When &vater temperature TW at the hot-&vater outlet of
heating devices &l of hot-water circ&tits 80 is higher than
first preset value TW1 at step S120, thc program proceerls to
step S140. At this step, it is determined whcthcr water
tcmpcraturc TW is higher than thc seconrl prcsct value TW2.
Specilically, whether TW1&TWZ. W'hen TW&TWZ, that is,
when TW1&TW&TWZ, the program proceeds to step S150.
Here, a lower-pressure-side &vater-heat-extraction heat-
pump mode is set In this mode, the valves and doors are
controflcd in state CZ) in thc heating mode shown in FIG. 9,
where solenoid valve 28c is opened anti solenoid valve 2&d
is closed. Thcrcforc, as indicatcrl by black arrow B, second
passage Z36 of heat exchanger 23 communicates with con-
fluent point 94 at the inlet side of accumulator Z5 through
passage 93 Since both solenoid valve 2&i& for cooling and
second depressurizing device 27 are closed, the refrigerant
does not flow into outrloor heat-cxchangn 24.

When the lower-pressure-side &vater-heat-extraction heat-
pump mode is set, in hot-water circuits 80, smce three-way
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valve 03 closes the water passage at the mde of. bypass
passage 05 aml opens Ihe water passage at the mde of heat
cxchan cr 23 of refrigeration cycic 21, thc hot water flows
into heat cxchangcr 23. Therefore, in the refrigeration cycle,
the heating mode according to the lower-pressure-side
water-heat-extractinn heat-pump mode is performed as fol-
lows. The superheated gas reingerant having the higher
temperature and pressure discharged from compressor 22
exchanges heat with (radiates the heat tn) the air blown by
blower 7 at indoor condenser 12 and is condensed. All nf the
higher prcssure rcfri crant having flowe out of condenser
12 flows into first dcprcssurizing device 26 and is dcprcs-
surizml to lower pressure PL from higher pressure PH
imhcatetl by a Mollier ihagram shown in FIG. 11. The.
two-phase refrigerant depressurized to lower pressure Vl.
flows through second passage of heat exchanger 23 and
exchanges the heat ivith (extracts the heat of) the hot tvater
passing through third passa e 23c and is gasified. That is, in
this operation morlc, heat cxchangcr 23 operates as a loivcr-
pressure sirie evaporator. The gas refrigerant gasdied within
secontl passage 23b of heat exchange 23 is drawn into intake
port 22b of compressor 22 frnm passage 93 thrnugh accu-
mulator 25

In Ihe lower-pressure-sirie water-heat-extraction heat-
pump mode, as shown in I'IG. 11, the waste heat is recovered
from the hot vvater due tn the lower-pressure refrigerant
having a lower cvaporatin tcmperaturc. Thercforc, even if
thc tcmpcrature of thc hot water is relatively low
(TW&TWZ), thc tempcraturc difi'crencc bctivccn thc hot
water anil the refrigerant is ensured. As such, ihe waste.-heat
can be recovered from Ihe hot water. If the waste heat is
recovered from the relatively-loiver-temperature hot water
hy the intermerliate-pressure refrigerant, the temperature of
thc intcrmcdiatc-pressure rcfrigcrant must bc decreased
lower than thc tcmperaturc of thc hot ivater. Therefore, the
prcssure of thc rcfrigcrant is decreased, thereby decreasing
gas-infection flow volume Gi and reducing heating perfor-
mance. At the lower-pressure-sirie of. the water-has(-
extraction heat-pump mode, however, such a trnuhle does
not nccur. do

During the lower-pressure-side water-heat-extraction
heat-pump mode, further, since the refrigerant extracts heat
from the hot water having a temperature higher than the
outside air, lower prcssure PL of the refrigeration cycle can
bc hi hcr than during thc above-dcscribcd as-in)cation as
mode. Thcrcforc, thc compression ratio of compressor 22
can be smaller, thereby improving cycle elhciency.
Furthermore, due Io the heat extraction from Ihe hot water,
heat exchanger 23, nperating as an evaporator, is not frnsted
I'herefore, the heating operation can he continuously oper- so
atcd for a long time without stopping duc to dcfrosting.

At step S140 m 11G. 0, when the water temperature TW
is higher than second preset value TWZ (TW& I'W2), the
program procccds to step S160. Here, thc iower-pressure-
sidc water-heat-extraction heat-pump mode is sct. Durin~ ..
this motte, the valves and doors are controlleri in state +3
dunng the heating motle shown in FIG. 9, where solenoid
valve 2gc is closed aml solenoid valve 2's opened.
I'herefore, as indicated hy black arrow A, second passage
23b of heat exchanger 23 again communicates ivith gas- oo

injection port 22c of compressor 22 through passage 91.
Since second dcprcssurizing device 27 is opcncd at a control
open-degree, outdoor heal-exchanger 24 operates as an
evaporator and extracts heat from Ihe outside air. In hoi-
water circuits UU, in the same manner as during ihe lower- as
pressure-side water-heat-extraction heat-pmnp mode, since
three-way valve 83 opens the water passage nn the side of
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heat exchan er 23 of refrigeration cycle 21, the hot water
flows into heat exchanger 23.

Thcrcforc, in thc refrigeration cycle, a heating mode
according to thc lower-prcssure-sirlc water-heat-extraction
heat-pump mode is performed as follows. Superheated gas
refmgerant havmg a higher temperature and pressure dis-
charged Irom compressor 2Z exchanges heat with (radiates
the heat to) air hloivn by blower 7 at indoor condenser 12

and is condensed The higher-pressure refrigerant flowing
out from condenser 12 is rlivided into two streams at branch
point 92. Onc is thc insirlc stream hcarling for outdoor
heat-exchanger Z4 through lirst passage Z3aof heat
exchanger Z3 and secoml depressurizing device 27. The
other is Ihe inlecuon-side stream heading for gas-iniecuon
port 22c through tirst depressurizing device 26 and second
passage of heat exchan er 23

FIG. 12 is a Mollicr dia ram showing thc lower-prcssurc-
side water-heat-extracnon heat-pump mode. The refrigerant
of the other stream is depressumzed to intermediate pressure
VM from higher pressure VI I by tirst depressuriiung device
26 Thereafter, the tivo-phase refrigerant having intermedi-
ate pressure VM flows throu h second passa e 23b of heat
cxchan er 23, and exchanges the heat with (extracts thc heat
of) the higher-prcssure refrigerant passin throu h first
passage 23annd Ihe hot water passing through thirtl passage
23c. Then, the intermediate-pressure refngerant is intro-
duced into gas-injection port 22c through passage 91 as
indicated hy black arrow A in ltl(L I

Thc higher-pressure rcfrigcrant passing through first pas-
sage 23aof heal exchanger 23 exchanges the heaL with
(radiates Ihe heat to) the intermediate-pressure refngerant
passing Ihrough secoml passage Z3b, aml is supercooled
The supercooled hi her-pressure refrigerant ts depressuriued
to leaver pressure VI. by second depressuriinng device 27,
anti floivs into outdoor heat-exchanger 24 and asitied by
heat extraction from outside air. The refngcrant gasifie in
outtloor heat-exchanger Z4 passes through solenoid valve
2ba for heatmg anil accumulator Z5, thereafter being drawn
into intake port ZZb of compressor ZZ.

The lower-prcssure-side water-heat-extraction heat-pump
mode can improve both of heating pcrformancc and COP
(cocfficient of perfomiancc). In thc present mode, the lovvr-
pressure refmgerant extracts heat from the outside air, while
Ihe intermeduite-pressure refrigerant extracts heat from the
hot ivater Accordingly, heatin performance and ('OV can
he expressed hy following equations I, 2, and both can be
improved.

Hcaune pmtotmancc go=amount of heat extra tron of outdoor
heat-exchanger 24 pc+amount of hcnt cxttacttoa of thc tntct-

r'OP=i,tmgp tli m,n Ii! p wm It pu t. Ihe zi

In thc prcscnt niode, since indoor heat-exchanger 12 can
radiate heat gain front thc above as-injection pump mode
and amount of heat extraction of. Ihe intermediate-pressure
refmgerant Qr, both Ihe heating performance and COP is
improved. In the present mode, further, indoor heat-
exchanger 12 the above discussed gain, amount of heat
extraction of outdoor heat-exchanger 24 Qe and the
incrcascd heat amount of compressor motive-power L clue to
gas-injection is added. Thcrcforc, heating performance anil
COP is improved.

FIG. 13 shows the relauon among heaung performance
Qc, COP anil the change iluring heaLing operation time
during gas-injection heat-pump mode Ql, leaver-pressure-
side water-heat-extraction heat-pump mode Q2 and



15
intermediate-pressure-side water-heat-extraction heaL-pump
mode Q3. As hot-water temperature TW is increased, Ihe
above mode is sequentially changed from Ql QZ Q3.
Thcrcforc, cificicnt hcatin operation can be realized at
higher (:Op, while heating perfnrmance is improved

Nevt, mode operatinns will be summarily explained ivith-
out Ihe heating mode. When temperature-control lever 51 is
posittonml between PC1 anci PCZ, The program proceecis
from step S110 to step S170 in the flowchart nf FIG. 8, and
it is dctcrmincd that thc cooling mode is srt. Then, at step

1(i
SISU, valves and doors are controlled according tn the
cooling mode shown in I'IG. 9. In the cnoling mode, both of
iirst and second depressurizing cievices 26, 27 are controlled
to be entirely closml, and solenoid valve 286 for coolin ~ is
controflcd to bc opened. Passage-chan in doors 16, 17
cntircly close the air passe e at thc side of condenser 12, and "
entirely npen bypass passage 12n

White arrows in FIG 1 indicate the refrigerant tlnsv in the
cooling mode. The superhealeci gas refngerant havin ~ Ihe
higher temperature and pressure discharged from compres-
sor 22 flows into indoor condenser 12. Hnwever, since zo

passage-changing cioors 16, 17 enurely closes Lhe air pas-
sage at the side of. comlenser 12, the superheateci gas
refngerant cloes not exchange heat with (radiates the heat to)
the air blown by lilower 7 thrnugh cnndenser 12 All of the
air blosvn by lilower 7 flows into bypass passage 12a zs
Thcrcforc, thc gas refrigerant discharged front coniprcssor
22 passes through condcnscr 12 under thc superheated state
having high temperature aml pressure.

Dunng this time, since both Ihe lira( and seconcl depres-
surizing devices 26, 27 are entirely closed and snlenoid
valve 286 for conling is closed, afl nf the higher-pressure gas
refrigerant flows mto nutdoor heat-evchanger 24 through
solenoid valve 28b for cooling. Herc, thc higher-pressure
rcfn crant cxchangcs heat with (radiates thc heat tn) thc air
(outs(tie air) blov:n by the ouuloor lan and condensed. The is
refngeranl comlenseci al outdoor heat-exchanger 24 passes
through third ciepressunzing device 29 due to closed sole-
noid valve 28a, and is depressurized to loiver pressure PI.
'I'hereafter, the lower refrigerant tlows into evaporator 11. In
evaporator ll, thc rcfrigcrant extracts heat frnm air blnwn by so
blower 7 aml is gasified. The air cooled in evaporatnr ll, due
to Ihe heat radiation, does not pass through indoor comlenser
12 at the downstream stele, as descnbeci above. Instead, it
passes through bypass passage 12a. Then, this cool air is
lilown intn the passenger compartment mainly from face Js
outlet 9, thereby cooling the passenger cnmpartment 'I'he

rcfn crant gasificcl in evaporator 11 flows into intake port
22h of compressor 22 from outlet lnwcr-prcssure passage 95
through accumulator 25. In the healing mode, in hot-water
circuits 80, the hot water cycles through the following route so

to radiate heal irom the hot water from heating cievices Sl
to the outside air in radiatnr 84. I'he path goes from heating
dev(ce 81 water pump 82 three-way valve 83 three-
way valve 86 radiator 84 hratin devices Sl.

When tcmpcraturc-control lever 51 is pnsitionrd between ..
PD1 anci PDZ, slap S170 proceecis to step S190 in Lhe.

flowchart in FIG. 8 to determine whether the dehumidifying
mode is set Then, in step S200, equipmenl such as valves
and dnors are contrnlled in the dehmnidifying state in llG
9 In th(s dehumidifying mode, solennid valves ZSa—28d and
first dcprcssunzing device 26 arc controlled tn bc cntircly
closccl, while second depressurizing device 27 is npenrd to
a control open degree. Further, pamage-changing doors 16,
17 complelelv close bypass passage 12a to completely open
the air passage al the sule of comlenser IZ. ss

In the dehum(difying mode, in hot-water circuits 80, the
hot water cycles through the following mute to radiate heat
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from heaun ~ devices 81 to oulsicle air in rachator 84 in the
same manner as at the cnoling time: heating device
Sl water pump S2 three-way valve 83 three-way valve
86 radiator 84 heating devices Sl. ('ross-hatched arrows
in FIG. 1 inclicatc the rcfri crant flow in the dehumidifying
mode. Thc superheated as refrigerant bavin higher tem-
perature and pressure and discharged irom compreswir 22
flows into indoor condenser IZ. At this time, since passage-
changing doors 16, 17 open the air passage at the s(de of
condenser 12, the gas refrigerant ivithin cnnclenser 12
exchanges the heat ivith (radiates the heat to) the a(r blown
by blower 7 to lic condenscct.

Since first depressurizing device 26 ancl soknoid valve
286 for cooing are completely closed, all of Lhe higher-
pressure reingerant from Ihe outlet of condenser 12 passes
through hrst passage 23aof heat exchanger 23. At this time,
since the refrigerant does not floiv through both second and
third passages 23b, 23c of heat exchanger 23, the h(gher-
pressurc refrigerant passing through first passage 23adocs
not cxchan e heat at heat exchanger 23. Accorclingly, thc
hi her-pressure refrigerant flows into second depressunzing
device Z7 through heat exchanger Z3 with reidgerant lust
having floived out of indoor condenser 12 The refrigerant (s
depressurized to intermediate pressure by secnnd depressur-
izing device 27, and floivs into outdoor heat-exchanger 24

During thc first dehumidifying moclc whcrc thc blosvn air
having a higher tcmpcrature is required, thc intermediate
pressure provided by secoml depressunzing device 27 is set
at a value lower than the mturatecl vapor pressure of the
refrigerant at ambient air temperature. Therefore, outdoor
heat-exchanger 24 can be operated as an evaporator so that
the refrigerant extracts heat from there(n. That is, the depres-
surization quantity is increased by malong the opening
de rcc of second dcprcssurizing device 27 smalkr, so that
Ihe inlermeduite pressure can be set at lower pressure. The
intermediale-pressure refrigerant exiung outcloor heat-
exchanger Z4 flows into Ihird depressunzing device 29 by
closing solenoid valve 28n, and is depressurized In lower
pressure PI. The depressurized lower-pressure refrigerant
flows into evaporator 11 to extract heat from air blown by
blower 7. This rcfrigcrant is clrawn into intake port 22(L of
compressor 22 throu h accumulator 25.

In Ihe dehumidifymg mode, since Ihe refngerant tlows
mto both evaporator 11 and conclenser 12 provided within
indonr air-conditioner unit I, the air blnwn by blower 7 is
cooled and dehumidified in evaporatnr 11 and (s heated in
condenser 12, thcrcliy gcncratin hot air. This hot air is
blosvn into thc passcngcr compartment, thereby defog ing
Ihe wmdshield and dehumidifying(heanng the passenger
compartment. In Lhe seconcl clehumidiTying mode where air
havin ~ lower temperature is required, the intermediate pres-
sure provided by second depressurizing dev(ce 27 is set to a
value higher than the saturated vapor-pressure of the refrig-
erant at ambient air tcmperaturc. Therefore, outcloor hcat-
cxchan er 24 can bc opcratcd as a conclcnscr so that thc
refngerant can radiate heat therein. That is, the depressur-
ization quanuty is reduced by makmg Lhe opening degree of
second depressunzing device Z7 larger, so that the
intermediate-pressure can be set at higher pressure

Since outdoor heat-exchanger 24 operates as a condenser
so that thc rcfrigcrant can racliatc heat therein, heat-radiation
amount Qc from indoor condenser 12 is rccluccd lower than
dunng Ihe lira( dehumidiTying mode. Therefore, blown air
havin ~ lower temperature is provided.

FIG. 14 shows a second embmliment of the present
invention In the hrst embodiment, solenoid valve Zgd for
injection is disposed in gas-injection passage 91. I lnwever,
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in the second embodiment, this solenoid valve 28d ts elimi-
nated. (&enerally, gas-injection pnrt 22c includes check valve
mechanism 22d for preventing refrigerant hack-flow In the
secnnd embndiment, attention is given to check valve
mechanism 22d, and check valve mechanism 22d is made to
play an additional role of solenoid valve 28d. That is, in
gas-injection heal-pump mode QI amf iniermediale-
pressure-side water-heat-extraction heat-pump mode Q3,
since intermediate pressure PM of the cycle ivnrks on check
valve mechanism 22d, check valve mechanism 22d is
opened, thereby injecting gas into the intermediate-pressure
rcfngcrant.

In lower-prcssure-side water-heat-extraction heat-punip
mode  , lower pressure PL worl s on checl valve mecha-
nism 22d However, since the valve-open pressure of. checl
valve mechanism 22dsfower pressure Pl., gas-injectinn port
22c is maintained clnsed by check valve mechanism 22d
I'herefore, snlenoid valve 28d can be eliminated.

FIG. 15 shows a third embodiment of the present inven-
tion. In thc first cmbodimcnt, during heating mode, three ao

heal-pump morfes Ql,  , Q3. However, in lhe third
embodiment, lower-pressure-sirfe water-heat-extraction
heat-pump mode Q2 is eliminated, and gas-injection heat-
pump mnde Ql and intermediate-pressure-side water-heat-
extraction heat-pump mode Q3 are used. zs

FIG. 16 shows a third emf&odimcnt of thc present inven-
tion In thc first embodiment, as shown in FIG. 2, first
passage 23u wherein the higher refingerant passes, second
passage 23b anil Ihiril passage 23c are integrated into heal
exchanger 23. In secnnd passage 23b, the hot water (cooling
water) from hnt-water circuits 80 passes. In third passage
23c, the gas-liquid intermediate-pressure refrigerant nr the
lower-prcssure rcfrigcrant depressurizcd by first dcprcssur-
izing dcvicc 26 passes.

In a fourth embodiment of the present invenuon, heat is
exchanger 23 is divirfed into lirsl heal exchanger
(refrigerant-refngerant heat exchanger) 231 aiul second heat
exchanger (water-refrigerant heat exchanger) 232 Second
passage 23b nf first heat exchanger 231 and refrigerant
pass& c (second passage) 123 of sccnnd heat exchanger 232 sc
arc conncctcd by piping 96.

FIG. 17 shows a lifth emborfimenl of: the present inven-
tion In the above rfescribed fourth embodiment, refrigerant
extracting heal from the hol water in second heat exchanger
232 flows into both gas-injection passage 91 and lower- as
pressure passage 93 I loivever, in the fifth embodiment, this
rcfn crant flows only into lower-prcssure passage 93. That
is, thc mode is changed only between gas-injection hcat-
pump moile Ql anrf lower-pressure-side water-heal-
extracuon heal-pump morfe Q2, aiul Lntermediatespressure- sn

sale water-heat-extraction heal-pump mode Q3 is noi
performed. I'he fifth embodiment is more preferable when
the intermediate-pressure refrigerant cannnt extract heat
bccausc thc tcmpcraturc of the hot water from heating
dcvicc 81 is low.

FIG. 18 shows a sixth embodiment of. the present inven-
tion In the sixth emboihment, secoiul heal exchanger 232 in
the above described liflh embodiment and outdoor heat-
exchanger 24 are cnnnected in parallel When nutdoor heat
exchanger 24 is operated as a condenser in the cooling
mode, second heat exchanger 232 is also npcratcd as a
condcnscr, thereby improving the cycle efhciency in thc
cooling mode The operation state of. the valves and doors
accordtng to the sixth embodiment is shown in FIG. 19. In
the sixth emboihment, in the cooling mode, the hot water as
flows in hot-water circuits 80 bnth at the side nf radiatnr 84
and the side of hnt-ivater passage (third passage) 23c of

second heaL-exchanger 23Z. Then, the hot water is cooled in
radiator 84, and the higher-pressure refngerant within refrig-
erant passage 123 of secnnd heat exchanger 232 is cooled by
the cooled hot-ivater and is cnndensed

FIG. 20 shows a scvcnth embodiment of thc prcscnt
invention. In thc seventh enibodimcnt, the gas-injection
operation is omitted by eliminating lirsl heat exchanger
(refn erant-refngerani heat exchanger) Z31 in the sixth
embodiment In the seventh embodiment, in the heating
mode, solenoid valve Zgd is closed and solenmd valve 28c
is opened, so that only the intermediate-pressure-side water-
hcat-extraction mode is on.

FIG. 71 is a niodificd refrigeration cycle diagram of that
shown in FIG. ZU, in which heat exchange means is disposed
m sane& with and downstream of an outdoor heat exchanger

11G. 21 shows an ei hth embndiment of the present
invention In the eighth embodiment, secnnd heat exchanger
(ivater-refrigerant heat exchanger) 232 in the sixth embodi-
ment is disposed in series with anil rlownstrcam of outdoor
heat-cxchan er 24. Accordingly, when in cooling mode,
second heaL exchanger Z3Z also operates as a condenser in
Ihe same manner as in Ihe sixth embodiment, thereby
improving cycle efFiciency.

I'IG. 22 shnws a ninth embodiment of the present inven-
tion In the ninth embodiment, hot-water circuit 80 in the
first embodiment is modificrl to adjust thc tcmperaturc of thc
hot water cyclin in thirrl passage (hot-water passage) 23c of
heat exchanger 23. Thai is, heat-insulation tank 87, bavin ~

a heat-insulated structure, three-way-valve Lype tlow-rate
cnntrol valve 88, electric ivater pump 89 and water-
temperature sensor 41k are added to hot-water circuit 80 in
the first embodiment Water-temperature sensor 41k is dis-
posed at thc hot-water inlet of heat cxchangcr 23 to rlctect
thc hot-ivater tcmpcraturc on the sirlc of the air conditioner.
Flow-rale control valve 88 can continuously adjust Lhe rauo
of. ihe hoL-waier flow rale al Ihe side of bypass circuit 100 to
Ihe side of water pump 89 based on the temperature detected
by water-temperature sensor 41/ Water pump 89 makes the
hot water cycle at air-conditioner-side hot-water circuit 102
including bypass circuit 101 and third passage 23c of heat
cxchan er 23.

Flow-rale control valve 88 adjusts the ratio of: ihe higher-
lemperaiure hoi water, having passed through heaun ~

devices 81, flowmg into air-conilitioner-side hot-water cir-
cuit 102 based on the temperature detected by water-
temperature sensnr 41k, thereby adjustin the hot-water
tcmpcraturc of air-conditioner-side hot-water circuit 102.

FIG. 23 shows a tenth embodiment of the present inven-
tion. In ihe tenth embodiment, in place of hot-water circuu
80 in ihe ninth embodiment, hoi-water circuit 80 is com-
posed of iwo circuits isolaleil from each other Specifically,
heating-device-side hnt-water circuit 103 and air-
conditioner-side hot-water circuit 102 are prnvided.
Between both hot-water circuits 102, 103, heat exchanger
104 bavin first and second hot-ivater passa cs 104a, 104b
is disposed. First hol-water passage 1U4u is connected to
hot-water circuit 103, anil secoml hot-water passage is
connected io hol-water circuit IUZ. Accorilingly, heat
exchange can be perfnrmed between circuits 102, 103 The
revolution speed of electric water pump S9 is adfusted based
on thc tcniperaturc dctccted by ivater-tcmpcraturc sensor
41k.

According to ihe tenth embodiment of the present
invention, when ihe amount of waste-heaL from heaung
devices 81 increases, Ihereby increasing ihe hot-water tem-
perature of heating-device-.side hnt-ivater circuit 103, the
revolution speed of electric water pump 89 of air-



condttioner-sicfe hot-water circuit 102 is increased.
I'herefore, the hot-water flow rate ot'ir-conditioner-side
hot-water circuit 102 is increased, thereby maintaining the
hot-water temperature of air-conditioner-side hot-ivater cir-
cuit 102.

FIG. 24 shows an eleventh embodiment of thc prcscnt
inventton. In the eleventh embodiment, the inlermediate-
pressure refrigerant is cfividecf into gas and liquid refrigerant
by gas-liquid separator 200. Then, the intermediate-pressure
gas reftngerant within gas-liquid separatnr 200 is introduced io
into gas-injection port 22c of compressor 22 through first
gas-injection passage 91. In the elcvcnth embodiment,
accordingly, rcfri crant-refrigerant heat exchanger 231
(refer lo FIG. 17 or the like) for gas-infection operanon is not
required. is

In the first to tenth emhodiinents, the refrigerant passages
are cnmpnsed so that the gas refrigerant discharged from
discharge pnrt 22a of compressnr 22 always floivs intn the
passage at thc siclc of indoor condenser 12 when in all
heating, cooling and dehumidifyin modes. In thc eleventh oo

embodiment, however, four-way valve 201 is fully con-
trollecf by controller 40 ancf is disposecf among chscharge
port 22a of cnmpressor 22, indoor cnndenser 24 and outdoor
heat-exchanger 24.

In the heatmg and dehumidifying modes, as indicated by zs
black arrows and cross-hatched arrows in FIG. 24, the
rcfngcrant discharged from compressor 22 flows into the
passage at the side of indoor condenser 12. In lhe cooling
mode, as indicated by while arrows in FIG. 24, Lhe refrig-
erant discharged from compressnr 22 directly flnivs into .io

outdoor heat-exchanger 24 through four-ivay valve 201
During confing, therefore, the refrigerant discharged from
compressor 22 docs not flow into indoor condenser 12.

In thc clcvcnth embodiment, further, thc tcnipcraturc-
actualecf-type expansion valve ior adfusting the superheating is
degree of the rebngerant drawn into compressor 22 is usecf
as second cfepressurizing cfevice 27. In lhe eleventh
embodiment, that is, the cycle is composed so that this
second depressunzing device 27 plays both rnfes of second
and third dcprcssurizing devices 27, 29 in thc first to tenth co

cmbodimcnts In thc cicvcnth embodiment, furthermore,
water-refrigerant heat exchanger 232 at the lower-pressure.
stele ts disposed cfownstream oi: outdoor heat-exchanger Z4
to recover waste heal in the same manner as in FIG. 21.
Second gas-injection passage 203 connects the liquid- Ls

refrigerant area at the linttom side ot'as-liquid separator
200 and as-inicction port 22c of compressor 22, and is
disposed in parallel with first gas-injection passage 91.

In second gas-injection passage 2U3, water-refrigerant
heal exchanger 233 at lhe intermecfiale-pressure inde is so
disposecf to recover lhe waste heat. In water-refrigerant heat
exchanger 233, refrigerant passage 23h into which the liquid
refngerant flows from the liottom portion of gas-liquid
separator 200 and hot-water passage 23c into which thc hot
water flows from hot-water circuits 80 are equipped. Thc hot ..
water from hot-water circuits SU passes through hot-water
passage 23c of water-refrigerant heal exchanger 233 al lhe.

intermediate-pressure sicfe. Thereafter, lhe hol water passes
thrnugh hnt-water passage 23c of water-refrigerant heat
exchanger 232 at the lower-pressure side to return to the side
of heating dcviccs Sl.

In FIG. 24, check valves 202a, 202h, 202c, 202d arc
shown. Solenoicf valve 2&a is opened dunng the heating
mode, solenonf valve 2&h is openecf cfuring lhe cooling ancf

dehumicfiTying modes, solenoxf valve 2&e is opened dunng ss
the lower-pressure-side ivater-heat-extraction heat-pump
mode nf the heating mode, and solenoid valve 2's opened
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at intermediate-pressure-side water-heal-extraction heat-
pump mode of the heating mode In the eleventh
embodiment, during the heating mode, as hnt-water tem-
perature TW is increased, the mode is changed sequentially
as follows. As shown in FIG. 13, in thc same manner as in
thc first embodiment, thc mode moves from thc gas-
mjecnon mode the lower-pressure-side water-heat-
extracnon heaL-pump mode lhe intermediate-pressure-side
water-heat-extraction heat-pump mode.

I'ill. 25 is a Mollier diagram shoiving the intermediate-
pressure-side ivater-heat-extraction heat-pump mode
according to thc clevcnth embodiment. In this moclc, since
solenoid valves 28a, 28f arc open and solcnoicl valves 2&h,
2&e are closecl, the intermediate-pressure rebngerant depres-
surized lo intermechate pressure PM by lirst depressunzin ~

device 26 is divided into gas and liquid refrigerant hy
gas-liquid separator 200 Then, the intermediate-pressure
gas refrigerant within as-liquid separator 200 is mtroduced
into as-injection port 22c of compressor 22 through first
gas-injection passage 91.

At the same ume, lhe intermechale-pressure liquid refng-
erant within gas-liquid separator ZOO extracts heat from hot
water at refrigerant passage 23h of ivater-refrigerant heat
exchanger 233 provided in gas-injection passage 203, and is
thereby gasihed and introduced into gas-injection port 22c
Thc intermediate-pressure liquid refngcrant within gas-
liquid separator 200 is clcprcssurizcd to lower prcssure PL by
second depressunzing device 27. Then, lhe lower-pressure
liquid relngerant extracts heal from outside air in outdoor
heat-exchanger (evaporator) 24 and is gasified. Then, lower-
pressure refrigerant passes throu h refri erant passage 123
of water-refrigerant heat exchanger 232 and solenoid valve
28a, and is thereby drawn into thc intake port of compressor
22. FIG. 26 is a Mollicr diagram showing thc lovur-
pressure-stile water-heat-extraction heat-pump mode. In this
mode, smce soilenoid valves Z&a, Z&e are open amf solenoid
valves 2&h, Z&f are closed, gas-liquid separator 200 sepa-
rates gas and liquid of hi her-pressure refrigerant from the
outlet of indoor condenser 12. Then, the hi her-pressure
liquid rcfri crant within gas-liquicl separator 200 is clcprcs-
surizcd to loivcr pressure PL by second clcprcssurizing
device Z7. The lower-pressure liquid refrigerant extracts
heal Irom ouLside air in outdoor heat-exchanger (evaporator)
24 and is gasilied.

Then, the loiver-pressure refrigerant extracts heat from
hot water in refrigerant passage 123 of water-refrigerant heat
cxchan cr 232. Thcrcaftcr, the refrigerant is drawn into
intake port 22h of conipressor 22 throu h solenoid valve
2&a. In Lhe gas-mjection node, since solenoicf valve 2&a is
open aml solenoid valves Z&h, 2&e, 28/ are closecf, Lhe

intermecliale-pressure refngeranl does noL tlow into second
gas-injection passage 203. 'I'he hot-water stream mto water-
refrigerant heat exchangers 232, 233 at lower and mterme-
diatc prcssure sides is stopped by three-way valve &3 of
hot-water circuits 80. Thcrcforc, a Molhcr dia ram showing
lhe gas-inlecnon mode (nol shown) omits, from FIG. 25,
heal extraction by water-refngerant heat exchanger 233 at
lhe intermediate pressure side.

In the eleventh embodiment, furthermore, a bypass pas-
sage connects the hot-water inlet of heating devices &1 and
thc outlet of hot-water passage 23c of water-refrigerant heat
cxchan cr 232 on thc lower prcssure siclc. Also, a soknoicl
three-way valve is added at the hol-water inlet of hot-water
passage Z3c. During the intermediate-pressure-side water-
heat-extraction heal-pump mode, lhe three-way valve closes
the inlet of hot-water passage 23c and opens the ahove-
described bypass passage. 'I'herefore, the hot ivater, having
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passed through hot-water passage 23c of. water-refrigerant
heat exchanger 233 at the intermediate-pressure side, can be
directly returned to heating devices 81 through the above-
described bypass passage. At the lower-pressure-side in the
water-heat-cxtraction heat-pump mode, if thc three-way
valve opens thc inlet of hot-water passage 23c and closes thc
above-described bypass passage, the same operation as in
the above tiescripiion can be performed.

In a twelfth emliodiment according to the present
invention, during the heating mode, the passenger compart-
ment is heaterl while outdoor heat-exchanger (evaporator)
24 is dcfrostcd Its cycle has thc same structure as in FIG. 1.

FIGS. 27B, 27C show the dcfrosting cycle for outdoor
heal-exchanger 24 according Io the twelfth embodiment, and
FIG. 27A is a Mollter diagram (equal Io FIG. 12) shov:ing
the intermerliate-pressure-side water-heat-extraction heat-
pump mode for reference. If heating is performed during lotv
outside temperature and high humidity, outdoor heat-
cxchangcr 24 is frosted so that the aniount of heat-extraction
from thc outside air or heating performance is reduced, ao

Therefore, if outdoor heat-exchanger 24 is lrosietl, Ibis
situation needs to be detected aml outdoor heat-exchanger
24 should be defrosted lletection of frost on of outdoor
heat-exchanger 24 can be determined by various metier(s
I or evample, temperature I'ho, as is detected by refrigerant- as
tcmpcraturc sensor 41ft at thc outict of outdoor hcat-
cxchan cr 24, shows a dccrcasc to thc preset temperature or
less, thereby inthcaiing frosnng of outdoor heat-exchanger
24. Otherwise, the temperature dilference between ihe out-
side air temperature and detected temperature Tho is used to .to

increase to the preset temperature, thereby indicating the
frosting of outdoor heat-evchanger 24

If thc outdoor heat-cxchan cr 24 is dctcrmincd to bc
frosted according to this manner, the cycle is changed to thc
defrosiing cycle in FIG. 27B or 27C Io defrost outdoor ts
heal-exchanger 24. The defrositng cycle in FIG. 27B is
performed, when temperature TW of. Ihe hoi water from
hot-water circuits 80 is relatively higher (for example,
Z(L30''. or higher). 'I'hat is, the defrosting is perfomied in
thc intcrmcdiatc-prcssure-side water-heat-extraction heat- do

pump moclc. In thc dcfrosting cycle in FIG. 27B, solenoid
valve 28b is opened, so thai outdoor heal-exchanger 24 is ai
the higher-pressure side of. the cycle. Accordingly, higher
temperature anti pressure refngerani flows into outdoor
heat-exchanger 24, thereby defrosting outdoor heat- ds
exchanger 24. At this time, the intermediate-pressure refrig-
erant extracts heat hot-water circuit 80, while the refrigerant
fiows into indoor heat-cxchangcr 11 to extract heat from
blown air by clomng solenoid valve 28a. Therefore, Ihe
passenger compartment is healed at heanng performance Qc so

accordtng Io Ihe lollowtng equalton 3.

Hcauna pcrfotrnan c Qc=amount of heat-cxtractiort by ndoor

p u Lt Q + m aI et b t t . ton t ttl mr m 4

The defrosnng cycle in FIG. 27C ts performed, when Ihe.

temperature of hot water from hoi-water circus! 80 ts rela-
tively losver (for example, 20—30' or lower), or in the
gas-injection heat-pump mode. In the defrosting cycle in
FIG. 27C, solenoid vaivc 28b is opened, and the higher
tcmpcraturc and prcssure rcfri crant flows into outdoor
heal-exchanger 24 from the outlet bitte of indoor mndenser
12, thereby defrosiing ouitloor heat-exchanger 24. Ai Ibis
time, secontl refrigerant passage 23b of heal exchanger 23 is ns

changed to the lower-pressure side of the cycle by opening
solenoid valve 28c, while the refrigerant tlows into indoor

heat-exchanger 11 to extract heat from Ihe blown air.
Accordingly, the refrigerant extracts heat from hot-water
circuit 80 Therefore, the passenger compartment is heated
at heating performance Qc according to the following equa-
tion 4.

Heat » pe t'man e Qc=smount of heat ext act on by ndoor
evapontm ii Qer+mnountet heat extra ton at the lowe p es
su e s de Qr'+ omp esse mouse p we f— heat rad at on
amount Q o IEq dl

lluring the defrosting cycle in I l(iS 278, 27C, when the
tempcraturc ot'ncloor evaporator 11 decreases so low that
indoor heat-cxchan er 11 is frosted, solenoid valve 28a is
miermiiiently opened io intermittently slop the refngerani
stream into indoor evaporator 11, thereby preventing imloor
heat-exchanger 24 from becoming frosted

l1G. 28 shotvs a thirteenth embodiment accordin to the
present invention. Ilere, heat-insulation tank 87 having a
heat-insulatecl structure (thc same onc as in FIG 22) is
aclclccl to hot-water circuits 80 in thc first cmbochmcnt.
Accordingly, for defrosnng in FIG. 27B or Z7C, heat from
heahng devices 81 can be preserved within heat-insulauon
tank 87 beforehand As a result, during the defrosting mode,
outdoor heat-exchanger 24 can lie defrosted without reduc-
ing the heating performance in the passenger compartment

FIG. 29 shows a fourtccnth cmboclimcnt according to thc
prcscnt invention. In the fourtccnth embodiment, ckctric
heater 87n is added in place of heat-insulauon tank 87 in the
thirteenth embodiment. Accorthngly, when the delrosun ~

cycle in l1G 27l3 or 27('s performed, the amount of
hot-tvater heat generated during the defrosting metic can be
increased by heating the hot water with electric heater 87a
As a result, during dcfrostin, thc outdoor heat-exchanger is
defrosted without reducing thc heating performance in thc
passenger compartmeni. The current Lo electric heater 87d is
controlled based on the temperature detected by water-
iemperaiure sensor 41k, thereby adiusiing Ihe temperature of
the hot water tlotving into heat exchanger 23.

I'IG. 30 shows a tifteenth embodiment according to the
prcscnt invention. Herc, clcctric heater 87b is further added
in thc airflow, upstream ot'ncloor evaporator 11 in thc
thirteenth embothmeni. This electnc heater 87b can be
integrally mounted wiihm indoor heat-exchanger 22
According Io Ibis, when ihe defrosung cycle in FIG. 27B or
27C is perfomied, the temperature of indoor evaporator II
(refrigerant-evaporation temperature) can be increased hy
oner izin clcctric heater 87b. As a result, outdoor heat-
cxchan cr 24 can bc defrosted without rcclucing thc heating
performance m the passenger compartment. If PTC heaters
havin ~ posilive temperature-resistance charactemsucs are
respectively used as elecinc healers 87d, 87b in the I'our-

teenth and hfteenth embodiments, the heaters themselves
can respectively control their mvn temperatures With these
dcviccs, the positive tenipcraturc-resistance characteristics
is that thc rcsistancc value incrcascs sudclcnly at a prede-
termined temperature (Curie point). In FIG. 30, heat-
msulaiion Lani 87 is addetl to hot-water circuit 80 and
elecinc heater 871r is addetl in the airllow, upstream from
indoor evaporator I I I iowever, only electric heater 87ft can
be added to indoor evaporator II.

FIG. 31 shows a sixtccnth embodiment according to thc
present invention. In the sixtccnth cmboclimcnt, during
heahng, Ihe passenger compartment is heatetl while outdoor
heat-exchanger (evaporator) Z4 is defrosted in the same
manner as the twelfth Io lil ieenth embodiments. However, in
the defrosting mode, a portion of the refrigeration-cycle
structure is changed. In the sixteenth embodiment, bypass



passage 301 aml fourth depressunz&ng dev&ce 302 for
defrnsting are added to the cycle in FIG I Bypass passage
301 cnnnects the discharge side of compressor 22 (the inlet
s&de of indoor cnndenser 12) and the inlet side of outdoor
heat exchanger 24. Fourth dcprcssurizing device 302 is
provided in this bypass passage 301. Since this fourth
depressurizing dev&ce 302 does noi require precise open-
degree control, a solenoid valve can be used as a fourih
depressurizing device 302, so that the fnurth depressurizing
dev&ce 302 includes a fixed thrnttle of a snlenoid-valve in
opening I lowever, fourth depressurizing device 302 can
have an clcctric expansion valve.

In thc intcrmcdiate-pressure-side water-heat-extraction
heal-pump mode in Ihe heating mode, when frosnng of
outdoor heat-exchanger 24 is rietec ted, fourth depressu nz&ng
device 302 is opened Then, the refrigerant discharged from
compressor 22 is divided into indoor condenser 12 and
bypass passage 301 Accordingly, as sho&vn in I&IG 32,
outdoor heat-exchanger 24 is defrostcd while the passcngcr
compartment is hcatcd by the heat radiation from indoor zo

condenser 12. FIG. 33 shows, at the &ntermeriiaie-pressure-
s&rle water-heat-extraction heat-pump mode in the heating
mode, the operation state nf the valves and doors during the
defrosting mode

In the twelfth to sixteenth embodiments, I'urther, if heating zs
devices 81 arc fuel cells, thc fuel ceils or a fuel-refinin
devices arc controlled incrcascd their output durin drfrost-
&ng. Therefore, the amount of hot-water heal generated
dunng deirosting (temperature) can be increased, thereby
defrnsting outdnor heat-exchanger 24 &vithout the heating
perfnrmance in the passenger compartment being reduced.

In heating devices 81 in an electric car nr the like,
according to its operation condition, thc an&ount of &vastr

heat may bc smaller, or thr waste-heat fluctuation may br
larger In a seventeenth embodiment, therefore, ihe heai- &s

extracnon mode &s suitably selected for the waste.-heat
recovery at the refngeralion-cycle s&de &n cons&deralion of.

not nnly hot water temperature (waste-heat recovering fluid)
but also the amount of waste-heat from heating devices 81
Since thc whole system in thc seventeenth en&I&odin&ent is &n

thc same structure as in the first embodiment, explanation is
om&&ted. FIG. 34 shows Ihe chang&ng concept of ihe heat-
pump modes accord&ng to the seventeenth embodiment. The.

amount of waste heal (the amount of heat able lo be.

extracted) from heating devices 81 is shown nn the ordinate, as
and temperature TW of the hot water (waste-heat recovering
fluid) is shown on thc abscissa. This hot-water temperature
TW is onc at thc side of hcatin devices 81 detected by
water-temperature sensor 41i &n FIG. 1. In ihe example
shown &n FIG 34, lira& preset value TW1 aml secoml preset sn
value TW2 higher than TWI are prese! as the ludgement
value of hot-water temperature I'W

I'irst preset value TWI determines the mode changing
between thc lower-pressure-side water-heat-extraction hcat-
pump motte and thc gas-injection heat-pump mode. If hot- ..
water temperature TW decreases lower than lira& preset
value TWI, a compressor &nhalat&on pressure is reduce&i due.

to reduced heat extract&on from the lower-pressure s&de,

thereby increasing the compression ratio of the compressor
As a result, the cnmpressor-discharge-refrigerant tempera-
ture bccomcs higher than the compressor-operation critical
tcmpcraturc. Thercforc, compressor 22 cannot be operated at
the h&ghesl revolution speed (max&mum performance),
thereby reduc&ng heating performance. In ihe present
embod&ment, therefore, Ihe lower-side temperature, &s preset as
to a first preset value TWI. When hot-&vater temperature TW
becomes lo&ver than first preset value TWI, the lo&ver-
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pressure-side water-heat-exiracnon heat-pump mode &s

stopped and the mode is changed to the gas-injection heat-
pump mode Second preset value I WZ determines the
change bet&veen the intermediate-pressure-side water-heat-
extraction heat-pun&p morlc and the gas-injection heat-pump
mode. TW2 is higher than first preset value TWI by a
predeterm&ned value. If there is no temperature d&lference
between the hot-water temperature and the saturanon tem-
perature determined by the pressure of the &ntermediate-
pressure refrigerant, heat exchange (waste-heat recovery)
cannot be performed between the intermediate-pressure
rcfri erant and thc hot water. Therefore, in thc present
cmbodin&cnt, thc tcmperaturc, which is higher than thc
saturation temperature de&arm&ned by Ihe pressure of the
miermediale-pressure refngerani, is preset as a seconrl pre-
set value TWZ If hot-&vater temperature 'I'W rlecreases
lower than the second preset value 'I'W2, the intermediate-
pressure-side &vater-heat-extraction heat-pump mode is
stopped and the motte is chan crl to the gas-injection heat-
pun&p mode.

In FIG. 34, lira& preset value QWI anil second preset value
QWZ, (larger than QW1), are preset as waste-heat ludge-
ment value QW The reason why both preset values QWI,
QWZ are preset is as folio&vs. Second preset value QW2 &s

used as the operation threshold value during the lower-
prcssurc-side &vater-heat-extraction heat-pump mode. Since
the hot-water ten&peraturc TW is much higher than thc
ouhs&de-a&r temperature dunng Ihe lower-pressure-side
water-heal-exlraci&on heal-pump mode, Ihe relrigerant-
evaporation pressure (compressor-inhalation pressure)
increases greater than during the ordinary lower-pressure-
side air-heat-extraction heat-pmnp mode Accordingly, the
amount of heat extraction fron& the hot watn is increased.
Thcrcforc, if the an&ount of waste heat is not balance&I
a sinai the heat extraction increase, hoi-water temperature
TW decreases excess&vely, thereby deterioratin the opera-
tion characiensncs of heaung dev&ces 81 Therefore, in ihe
present embodiment, second preset value QW2 of the
amount of &vaste heat QW is preset to &vhere hot-water
tempcraturc TW does not dccrcasc excessively cvcn if thc
lower-prcssure-side water-heat-extraction heat-pump mode
&s performed.

First preset value QW1 is used as Ihe operation ihreshohl
value dunng Ihe intermediate-pressure-s&de water-heat-
extraction heat-pump mode. 1)uring this mode, the tempera-
ture of the intern&ediate-pressure refrigerant is higher than
thc lower-prcssure refrigerant, the tcmpcraturc ihifcrencc
between the intcrmeiliate-pressure refrigerant anil the hot
water decreases, anil the refrigerant flow-volume decreases
greater than duwng the lower-pressure-side water-heat-
extracnon heat-pump mode. Therefore, Ihe amount of heaL
extracted from the hot water decreases more than dunng the
lower-pressure-side water-heat-extraction heat-pump mode
In thc present embodiment, thercforc, first prcsct value QWl
of thc amount of waste heat QW is preset smaller than
second preset value QW'2 by a predelerm&ned value (that &s,

Ihe amount of heat extraction is reduced).
FIG. 35 shows a flowchart of the ref&ugeranon-cycle

control according to the seventeenth embodiment of the
present invention, corresponding to I l(l 8. In Ihe seven-
tccnth embodiment, thc refrigeration cycle uses first anil
second sct values TW1, TW2 of hot-water temperature TW
described above and lira& aml second set values QWI, QW2
of ihe amount of waste heaL QW described above. In FIG.
35, the same process&ng steps as m FIG. 8 are respecnvely
given the same numeral numbers as &n I l(i. 8, and their
explanation is omitted. When hot-water temperature TW
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detected by water-temperature sensor 4li is lower than lira(
set value TWI, the program proceeds from S120 Lo step
S130 and thc gas-injection heat-pump niode is sct. When
hot-water tcmpcraturc TW is higher than first sct value TWI,
step S120 proceed~ tn step S140 and it is determined
whether hot-ivater temperature I'W is higher than secnnd set
value TWZ When hot-water temperature TW is lower than
seconri set value TWZ, ii is determined whether the amount
of waste heat QW is larger than second sct value QW2 at
step S210. In thc example shown in FIG. 34, despite the io
change of hot-water teinperature 1W, first and secnnd set
values QWI, QW2 of the amount of waste heat QW are
respectively marie constant.

The amount of waste-heat QW of. healing rievices 81 can
bc specificall estimated based on thc change ratio ('yscc)
of hot-water temperature TW pcr unit tinie. For example,
after heating devices 81 begin operation, if the ratio
(increase ratio) of hnt-water temperature TW increases, the
amount of waste heal can be estimated to be larger. When ihe
change ratio (increase ratio) of.hoi-water temperature TW is
smaller, the amount of waste heat QW can be estimated to ao

be smaller. After heating devices 81 start to operate, lime
elapses. Then, after the hot-water temperature increases io
the higher-temperature area ot'he predetermined tempera-
ture (fnr example, equal tn second set value TW2 or the
temperature ol (TWZ+o)) or more, the amount of ivaste heat "s

QW is cstimatcd to reach second sct value QW2.
When thc amount of waste heat QW, estimated in the

above-descnbeil manner, is larger than secoml set value.
QW2, the mode proceeds to step SI50 and the lower-
pressure-side water-heat-extractinn heat-pump mode is set .io

When the amount of ivaste heat QW is smaller than second
set value QW2, the mode proceeds to step 8130 and the
gas-injection heat-pump mode is set. When hot-water tcm-
pcraturc TW is higher than second sct value TW2 at step
S140, whether the amount of. waste heat QW ts larger than is
first set value QWI w determined at next step S220. When
the amount of waste heal QW is smaller than lirst sei value
QWI, the mode prnceeds to step SI30 and the gas-injection
mode is set When the amount of waste heat QW is larger
than first sct value QWI, whether thc amount of waste heat so
QW is smaller than second sct vaiuc QW2 is dcterniincd at
step S2IU. When the amount of waste heat QW is smaller
than secoml set value QW2, the mode proceeds io step S16U
aml the intermeihate-pressureeude water-heat-extraction
heat-pump mnrle is set When the amount nf ivaste heat QW Ls

is larger than second set value QWZ, the program proceeds
to step S150 and thc lower-pressure-side water-hcat-
cxtraction heat-pump mode is sct.

FIG. 36 shows the change-operation charactensucs of. Lhe

heal-pump mode according to ihe seventeenth embodiment so

accordtng to the present invennon. FIGS. 36(rt), 36(b) show
amount of heat extraction QW'rom the hot water and the
heating performance (amount of heat-radiatinn from indoor
condcnscr 12) at constant compressor-revoiution speed.
FIGS. 36(c), 36(rfl show the amount of heat extraction QW'.
from the hot water and COP (coefficient of performance)
dunng constant heating peri ormance. As seen from FIG. 36,
according to the seventeenth embothment, ihe gas-inteciion
heat-pump mode is set at the loiver temperature side of
hot-water temperature 'I'W, and the iniver-pressure-side oo

water-heat-cxtraction heat-pump mode or thc intcrmcdiatc-
prcssurc-side water-heat-extraction heat-punip mode is set at
the temperature area where hot-water temperature TW is
higher than the predetermined temperature (lira( anil seconil
set values TWI, TW2). Accorthngly, both heanng perfor- ss
mance Qc and COP (coeflicient of performance) can be
improved even during cold operation.

In the seventeenth embodiment, further, it is considered
that amount of heat extraction QW's larger rluring the
lower-pressure-side water-heat-extraction heat-pump mode
than during the intermediate-pressure-side water-heat-
extraction heat-pump morlc. Thcrcforc, first anil second sct
values QWI, QW2 (QWI&QWZ) arc set as thc rlctcrmining
value of the amount of waste heat QW( W'hen QW&QW2,
Lhe lower-pressure-side water-heat-extracuon heat-pump
mode is set When QW2&QW&QWI, the intermediate-
pressure-side ivater-heat-extraction heat-pump mode is set
Therefore, when the amount of waste heat QW is larger, the
lower-prcssure-side water-heat-extraction heat-pump mode,
where amount of heat extraction QW's larger, is performcrl
When ihe amount of waste heal QW's smaller, the
miermediate-pressure-side water-heat-extraction heat-pump
mode, ivhere amount of heat extraction QW's smaller, is
perfomied. Accordingly, the waste-heat-recovery heat-
extraction mode, ivhere the amount of ivaste heat QW and
amount of heat extraction QW'rc arlaptablc to each other,
can lic sclccted. Therefore, the tcmpnaturc of heating
devices 81 bein ~ excessively tlecreased Lo reduce the opera-
uon efliciency thereof by performing the waste-heat-
recovery heat-extraction mode

In an eighteenth embodiment, in the same manner as in
the seventeenth embodiment, in consideration of both the
tempcraturc of thc hot ivatcr (waste-heat rccovcring fluid)
and the amount of ivastc heat from heating dcviccs 81, thc
waste-heat-recovery heat-extraction mode can be suitably
selected. FIG. 37 shows the control flowchari secor&ling to
the eighteenth embodiment, and I l(i. 3S shoivs the relation
betiveen the elapsed time since starting heating devices 81
and hot-water temperature TW at the side of heating devices
81. In FIG. 38, first and second sct values TWI', TW2'or
rcspectivcly dctcrmining hot-water temperature TW arc
respectively slightly higher than lirst and second set values
TWI, TW2.

In FIG. 37, when ihe heatmg motle is determined to be sei
at step SIIU, ivhether hot-water temperature TW is higher
than first set value TWI's determined at next step 8120
When hot-water tcmpcrature TW is higher than first sct
value TWI', thc lower-prcssure-side water-heat-extraction
heat-pump mode is set at step S0150. Then, at step S24U, it
is determined whether the amount of waste heat QW from
heaung devices 81 is suitable for the lower-pressure-side
ivater-heat-extraction heat-pump mode 'I'his determination
is based on the chan e ratio (',isec) of hnt-water tem-
perature at thc side of heating rlcvices 81 pcr time. That is,
if thc loivcr-prcssure-side water-heat-extraction heat-pump
mode is performed, hoi-water temperature TW decreases
due to ihe waste-heat recovery at heat exchanger 23.
Therefore, change ratio (temperature-reducuon ratio) ATW
of hot-water temperature 'I W is calculated, and whether this
change ratio ATW is smaller than tirst set value A'I'Wl is
dctermincd. First sct value ATWI is thc predetermined
tempcraturc-chan e ratio allowed at thc area where hot-
water temperature TW is higher than lirst seL valueTWI'hen

ihe change ratio ATW is smaller than lirst set value
ATWI, ihe amount of waste heat QW from heating devices
81 is determined to be suitable for the loiver-pressure-side
ivater-heat-extraction heat-pump mode Accordin ly, the
lower-pressure-side ivater-heat-extraction heat-pump mode
continues operation. When change ratio ATW is larger than
lira( set value ATWI, the amount of waste heat QW of
heaung devices Sl is lower than ihe heal-extraction amount
at the lower-pressure-side water-heat-extracuon heat-pump
mode. Therefore, step S240 proceeds to step 8140, and it is
determined ivhether hot-water temperature 'I'W is higher



than secoml set value TW2k When hot-water temperature.
I'W is higher than second set value I'W2', the intermediate-
pressure-side water-heat-extraction heat-pump mode is set at
step S160 I'hen, at step S250, it is determined ivhether the
amount of waste heat QW of heating devices 81 is suitable
for thc intcrmcdiatc-prcssure-side water-heat-extraction
heal-pump motte. Specilically, change ratio ATW
(temperature-reduction ratio) oi. hot-water temperature. TW
at the side of heating devices 81 is calculated, and it is
determined whether this temperature-change ratio ATW is io
lower than second set value ATW2

Second sct value f&TWZ is the prcdctermincd
tcmpcraturc-change ratio allowed where hot-water tempera-
ture TW is higher than Iirst set value TW2k When change.
ratio ATW is smaller than second set value ATW2, the.

amount of waste heat QW from heating devices 81 is
determined to be suitable for the intemiediate-pressure-side
water-heat-extraction heat-pump mode, thereby continuing
thc intcrmcdiate-pressure-side water-heat-extraction hcat-
pump morlc. When change ratio ATW is larger than first sct zo

value ATWJ, the amount of waste heat QW from heating
devices 81 is lower than the amount of. heat-extraction
during the lower-pressure-side water-heat-extraction heat-
pump mode. 'I'herefore, the program proceeds to step S130,
and the gas-injection heat-pmnp mode is set When hot- zs
water tcmpcrature TW is dctcrmincd to be lower than first
sct value TWl't step S120, thc program proceeds to step
S130, and the gas-iniection heal-pump mode is set. When
hot-water temperature TW is determined to be lower than
second set value 'IWZ't step SI40, the above-described .ic

process is performed.
In an eighteenth embodiment according to the present

invention, as dcscribcd above, chan e ratioATW of thc
hot-water tcmpcrature is calculated, after thc lowcr-
pressure-side water-heat-extraction heat-pump mode is set at &S

step S15U, or after the intermeriiate-pressure-side water-
heat-extraction heal-pump mode is set at step S160. Then, it
is determined whether the amount of ivaste heat QW is
suitable for each mode based on the temperature-change
ratio ATW. Be&cd on this, thc mode is changed, thereby xo

exhibiting thc same opcrationai cft'cct as in the seventeenth
embothment

FIG. 39 shows the change between the gas-intecuon
heal-pump moile and the intermediate-pressure-side water-
heat-extraction heat-pump mode according to a nineteenth Ls

embodiment In the nineteenth embodiment, the amount of
waste heat QW is cstimatcd oniy based on hot-water tcm-
pcraturc TW at thc side of heating devices 81 bcforc thc
starting the heat pump. When hot-water temperauire TW
before the operational start of. the heat pump ts lower than so

Iirst set value TW3, the amount of. waste heat QW is
estimated at tirst set value QWI or less, and the gas-injection
heat-pump mode is set When the hot-water temperature TW
bcforc thc operational start of the heat pump is l&ctwcen first
and second sct values TW3, TW4, thc amount of waste heat ..
QW ts estimateri as between lirst and second set values
QWI, QW2, aml the intermediate-pressure-saic water-heat-
extraction heal-pump mode is set. When hot-water tempera-
ture 1W before the operational start of the heat pump is
higher than second set value TW4, the amount of waste heat
QW is cstimatcd to bc second set value QW2 or more, and
thc lower-prcssure-side water-heat-extraction heat-pump
mode is set

Accordingly, the amount of waste heat QW is est&materi
baseri on hot-water temperature TW before the operauonal ss
start of the heat pump, and the heat-pump mode is changed
'I'herefore, the mode suitable to the amount of ivaste heat

QW can be selected, thereby avoiding the trouble of exces-
sively reducing hot-water temperature TW due to excessive
amount of heat extraction.

The above seventeenth to nineteenth embodiments can be
applied to a rcfri cration cycle whcrc gas-liquid separator
200 of thc intermediate-pressure refrigerant is provided as
shown in the eleventh embodiment in FIG. 24. The
intermeiliate-pressure gas refngerant separated at this gas-
liquid separator 200 is injected to compressor 22.

In a twentieth embodiment, heat is exchangerl bet&veen
two kinds of fluids in the heat exchanger m the same manner
as at first heat cxchangcr (refrigerant-rcfri crant heat
cxchan er) 231 in thc fourth embodiment (FIG. 16). Thc
purpose of the twentieth embodiment is to miniatunze the
heat exchanger and to simphfy its connection piping. FIGS
40—44 show the specific structure of a heat exchanger
according to the twentieth embodiment. In refrigerant-
refrigerant heat exchanger 231, second tlat tubes 91 connect
to both t'aces of first flat tube 90 at its center. First flat tube
90 has first passe c 23ainto which thc higher-pressure
refmgerant flows from the outlet of condenser IZ, anil second
tubes 91 have secoml passage into which the intermediate-
pressure refrigerant depressurized by tirst depressuriving
device 26 tin&vs

The intermediate-pressure refrigerant, which has a larger
specifi volume than thc higher-prcssure refrigerant, flows
into second flat tubes 91. Thcrcforc, the two flat tubes 91
combine Lo increase the secnonal area of the intermediate-
pressure rehugerant passage, while flat Lube 9U is one
According to this, the pressure loss within the intermediate-
pressure refrigerant passage is reduced. Irurther, the tlat tube
having the same sectional form can be used as hrst and
second flat tubes 90, 91.

First and second flat tubes 90, 91 rcspcctivcly have a flat
sectional lorm including plural holes as shown in FIG. 42,
and respectively are formetl by extruding metal such as
alummum. First header members 9Z (collecting pipes) are
connected to both ends of tirst flat tube 90, anti second
header members 93 (collecting pipes) are connecterl to both
ends of second flat tubes 91. Scconrl flat tubes 91 arc shorter
than first flat tube 90 in the refrigerant flow direction (thc
nght-Lo-left direction in FIG. 41), anti secoml header mem-
bers 93 are disposed inside of. Iirst header members 92 in the
refmgerant flow direction.

I'irst header member 92 has tubular portion 92u which is
the connection portion between both ends of first flat tube
90. Cap 926 closes onc end of tubular portion 92m Joint
portion 92c is provirlcd at thc other end of tubular portion
9Za. Second header member 93 has tubular portion 93n
connechng both ends of second flat Lube 91 Cap 936 closes
one encl of tubular portion 93n. Joint portion 93c provided
at the opposite end of tubular portion 93n Bach portion of
first and second headers 92, 93 is made of material such as
aluniinum. In the prcscnt embodiment, since heat exchanger
231 is integrally fornicrl of aluminum by brazing, solder is
deposited by cladding, spraying or the lil e on the surface of
Iirst and second flat tubes 90, 91 aml Iirst anil second header
members 92, 93.

I'irst and second slits 93d, 93e (I IG. 43) are provided in
tui&ular portion 93n of second header member 93 in the
longitudinal direction thereof. First slit 93d has a wider
width so that first and scconrl flat tube (the total is three flat
tubes) 90, 91 can be inserted thereinto. But, secoml sht 93e
has a narrower width so that only lirst flat tube 90 can be
inserted thereinto. Since first and second slits 93ri, 93c are
provided in the circumferential surface of tubular portion
93rt 180 degrees apart from each other, the end of first flat
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tube 90 pena&rates tubular portion 93&& of second header
member 93 through first and secnnd slits 93d, 93e Single slit
92d is prnvided m tubular portion 92n nf first header
member 92 in the longitudinal direction, and the end portion
of first flat tube 90 is inserted into tubular portion 92a of first
hcadcr mcmbcr 92 through slit 92d. According to this
structure, each part in FIG. 43 can be lemporanly assemblerl
as in FIG 44. The lemporanly-assembled body &s carnerl
into a brazing furnace while the assembling state is main-
ta&ned Then, the tempnrarily-assembled body is heated up
to the solder melting-pnint, thereby integrally brazing the
tcmporanly-asscmblcd body.

Next, thc operational cflect according to thc twentieth
embod&men& w&ll be explamed. In lhe &went&eth
ambo&hment, total three flal tubes 90, 91 are comb&ned, and
two second flat tubes 91 communicate &vith common second
header member 93. Therefore, the nmnber of header mem-
bers are reduced more than where header members are
rcspcctivcly provided each of three flat tubes 90, 91 (for
cxampk, hcadcr-mcmbcr arran emcnt in FIG. 2(a)), thcrcby zo

s&mphfying connection piping.
Further, lhe end port&on of lirst flal lube 90 penelrates

tubular portion 93a of second header member 93 to pen-
etrate into tubular pnrtion 92a nf first header member 92
'I'herefore, as shown in 11G. 41, thickness dimensinn D of zs
thc whole heat exchanger can be rcduccd to the same
dimension as thc outer diameter of first and second header
members 92, 93 Accorrlingly, th&cl ness dimension D of lhe.

whole heat exchanger can be reduced to a larger degree than
one having such header-member arrangement as in l1G
2(n).

I'urther, first tlat tube 90, &vherein the refrigerant having
higher tcmpcraturc and prcssure flows, is disposed at thc
ccntcr, aml second fiat tubes 91, wherein thc refrigerant
hav&ng lower temperature and intermed&ale pressure tlows, &s

are respectively at each of. the both sales of lirst flat lube 9U.

Therefore, the heal of the higher-pressure reingeranl can be
etfectively conducted to the intermediate-pressure refriger-
ant w&thin second flat tubes 91, thereby preferably prevent-
ing thc heat of thc higher-prcssure refrigerant from waste- so

fully being radiated to outside air.
In lhe &went&eth emboihment, slits 92d, 93rl, 93e are.

respectively opened at each cap-side end of. tubular portions
92o, 93e of first anil secon&l header members 92, 93. In a
twenty-first embodiment, however, as sho&vn in HGS. 45, Ls

46, slits 92d, 93d, 93e are respectively elongated and
rectangular, and arc not respectively opened at each cap-side
encl of tubular portions 92a, 93n of first and second hcadcr
members 92, 93. In the others, lhe present embodiment has
the same structure as in lhe twenuelh embod&ment. so

The above twentieth an&l twenty-lira& embod&menLs are
explained for refrigerant-refrigerant heat exchanger 231, but
the twentieth and twenty-tirst embodiments can be applied
to water-rcfrigcrant heat cxchangcr 232 shown in the fourth
cmbodimcnt.

The above twent&elh anil &wanly-lira& embodimenls relate.
to lhe heal exchanger such as refrigerant-refngeranl heat
exchanger 231 for exchanging the heal between Lwo I inds of
fluid. I in&vever, a t&venty-second embodiment relates tn the
heat exchanger such as heat exchanger 23 in the first
cmborhmcnt (FIG. I) for exchangin thc heat among three
kinds of fluirl of thc higher-prcssure refrigerant, the intcr-
merhate refrigerant and the hol water.

In the twenty-secoml embodiment, therefore, as shov:n in
FIGS. 47—49, third flat tubes 94 are connected to Lhe further ss
outside of secnnd flat tubes 91 I'bird flat tube 94 composes
third passage 23c &vherein the hot water (waste-heat recov-

cong fluid) lrom heating dev&ces 01 flows. Further, third
header members 95 are added, and each makes both ends of
t&vo third flat tubes 94 communicate with each other. 'I'bird
flat tube 94 is shorter than second tlat tube 91 in the flow
direction of hot water (refrigerant), anil third header mcm-
hers 95 arc disposed insirlc of second hearlcr mcmbcrs 93.
Th&rd header member 95 has also tubular pornon 95o and
cap 950. However, third header member 95 has d&ameter-
enlarged portion 95c for connecting hot-water pipin at the
end of tubular portion 95a in place of joint portions 92c, 93c
in first and second header members 92, 93.

Tubular portion 95a of third head mcmbcr 95 has slit 95d,
into which thc total five of first to thirrl flat tubes 90, 91, 94
can be inserted, and slit 95e into which the total three of iirst
and second flat tubes 90, 91 can be inserted The twenty-
second embodiment has the same structure as in the twen-
tieth and t&venty-first embodiments l&urther, m the twenty-
second embodiment, the heat exchanger can be integrally
assemble(i by brazing as in the twentieth and twenty-first
cmborlimcnts.

In the above twenty-secoml embodiment, common header
members respecnvely make both amis of Lwo third tlat tubes
94, &vherein the hot water (waste-heat recovering fluid)
flo&vs, communicate with each other. Therefore, the total five
of tirst to third flat tubes 90, 91, 94 are required to be inserted
into third hcadcr men&bar 95 anti to bc conncctcrl thereto,
thereby coniplicatin thc connection portions.

In a twenty-third embodiment, as shown in FIGS 50, 51,
third header members 95 are respectively connected &mli-

vidually to each of both ends of each third flat tube 94,
thereby simplifying the connection portion of third header
member 95

A Twenty-fourth Embodin&cnt. In rcfn crant-refrigerant
heat cxchangcr 231 secor(ling to the forcgoin twenhcth and
twenty-lira& emboihments, serx&nd flal tubes 91 are d&sposed
at both sides of one lirst flat lube 9U, so that the total three
of flat tubes 90, 91 are used. In a twenty-fourth embod&ment,
ho&vever, as sho&vn in I l(iS 52—54, one second flat tube 91
is disposed at one side of one first tlat tube 90, so that a total
two of flat tubes 90, 91 arc used.

In heat cxchangcr 23 for exchanging heat among fluids for
lhe higher-pressure refrigerant, Lhe intermediate-pressure
refwgeranL and the hol water according lo the loregoin ~

twenty-second embodiment. One lira& flal tube 90, two
second tlat tubes and two third tlat tubes 94 are combined,
so that the total five of first to third tlat tubes 90, 91, 94 are
used. In a twenty-fifth embodiment, howcvcr, as shown in
FIG. 55, first to third flat tubes 90, 91, 94 arc rcspcctivcly
disposed one by one, so that lhe total three of tlat tubes 90,
91, 94 are used.

In the above seventeenth to twenty-lifih embod&ments,
plural flat tubes 90, 91, 94 are connected. In a twenty-sixth
embodiment, however, as sho&vn in I'l(i. 56, one integrally-
formcd flat tube 96 is made to play thc role of plural flat
tubes, That is, FIG. 56 shows refrignant-rcfrigcrant heat
exchanger 231 according Lo Lhe twenty-sixth embod&ment
In th&s heat exchanger 231, center passage 96a anil both s&de

passages 96b are integrally formed by extruding, aml the end
surface of flat tube 96 is processed so that the end of center
passage 96» projects than the end of both side passages 96b
Here, ccntcr passa e 96a forms first passage 23awhercin thc
hi hcr-prcssure refrigerant flows. Both side passages 96b
are located at both stiles of center passage 96n, anil form
second passage 23b where&n the intermed&ate-pressure
refwgeranl flows. Accord&ngly, even if one integrally-formed
flat tube 96 is used, tirst and second passa es 23n, 23b can
be respectively connected to each of first and seconrl header
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members 92, 93. In Ihe above seventeenth to twenty-sixth
embodiments, each of first to third header members 92, 93,
95 is a tubular member whnse section is circular ilnivever,
the section of first to third header members 92, 93, 95 can be
shaped other than as a circle.

In each above described embodiment, thc airflow passage
within air-conilitioning rluct 2 is partiuoned ihrough lirst
airtlow passage 14 at Lhe side of. loot outlet 8, second airflow
passage 15 at the side nf face nutlet 9 and defrost outlet 10
Accordingly, the insideoutside air two layer mode is per-
formed during the heating mode. Ilnivever, the present
invention can bc applied to air-conditioner unit I including
normal single-sirflow-passage structure whcrc thc airflow
passage within air-i:omhnomng duct 2 is not parutioned in
two airflow passages 14, 15. In each above described
embodiment, two plate-type passage-changing doors 16, 17,
interlocked, are used to change the airflow betiveen con-
denser 12 and bypass passage 12a Ilowever, one plate-type
door, a film-type door or thc like, can bc used as this door.

In FIG. 57, a twenty seventh cmbodinient of thc present zo

inventton is illustrated. Here, refrigeration cycle 21 includes
refngerant compressor 22, refrngerant-refrigerant heat
exchanger 23, outdoor heat-exchanger 24, accumulator (gas-
liquid separator) 25, first depressurizing device 26, second
depressurizing device 27, third depressurizing device 29, zs
solenoid valves (rcfrigcrant-passa c changing means) 28a,
28h, 28c, anil water-rcfrigcrant heat exchanger 74. In
relngerant-refrigerant heat exchanger 23, heat exchange is
performed between intermediate-pressure relngerant having
two gas hquirl phases and high-pressure refrigerant tn gasify
the intermediate-pressure refrigerant. Accumulator 25 sepa-
rates the gas and liquid lower-pressure cycle refrigerant
(rcfrigcrant drawn into thc compressor) and reserves thc
surplus liquid rcfrigcrant. First dcprcssurizing device 26
introduces a poruon of. higher-pressure refrigerant having ia

passed through conilenser 12 and reduces Ihe pressure
thereof to an intermediate pressure. Second depressunzing
device 27 reduces the pressure of the higher-pressure refrig-
erant at the outlet of refrigerant-refrigerant heat exchanger
23 to thc lower prcssure during heating. Third dcprcssuriz- so

ing dcvicc 29 reduces thc pressure of thc higher-prcssure
refrigerant having been condensed m outdoor heat-
exchanger 24 Io lower pressure refngerant during cooling.
Solenoid valves 28a, 28h, 28c change Ihe refngerant pas-
sage for conling, heating, dehumidifying and defrosting Ls

modes.
Outdoor heat-exchanger 24 is disposed outside the pas-

scngcr compartment of thc vehicle to exchange heat with thc
outstde air blown by outside fan 24. Aforemenuoned
refngerant-compressor 22 is an electnc compressor v:ith a sO

not-shown AC motor integrally pacl aged in a sealed case.
'I'he compressor is driven by the motor tn intake, compress
and discharge refrigerant A(l voltage is applied tn the AC
motor of rcfngcrant compressor 22 by invertcr 30. The
frequency of thc AC voltage is adjusted by this invertcr 30,
thereby continuously changing the revolution speed of Ihe.

motor. That is, inverter 30 is a revolution-speed adtusting
means for compressor 22, anil DC voltage is applied ihereto
from battery 31 mounted nn the vehicle I'he poiver supplied
to inverter 30 is controlled by air-cnnditioning cnntrnfler 40

Accumulator 25 includes U-shaped refrigerant-outlet tube
25a, and rcscrvcs surplus liquid-refrigerant on thc bottom
stile. U-shaped refngerant-outlet tube 25a draws gas refrig-
erant from the upper-end opening thereof., thereby preveni-
ing Ihe liqunl relngerant from returmng Io compressor 2Z. ss
At the same time, the liquid refrigerant in which oil
dissolves, is drawn from the small-diameter oil-returning

holes (not shown) provided at the bottom of U-shaped
refrigerant-outlet tube 25a of accumulator 25 Then, the
liquid refrigerant is mixed into the gas refngerant, thereby
ensuring the oil-returning performance of compressor 22

Refrigerant piping (main passage) 32, in thc htghcr-
prcssure side, connects refrigerant-refmgerant heat
exchanger 23 and second depressunzing device 27. In
refngerant piping 3Z, rehugerant-temperature sensor 41a
and high-pressure sensor 4lh, which detect respectively
each of the temperature and pressure of the hi her-pressure
refrigerant at the outlet of refri erant-refrigerant heat
cxchan er 23, arc disposed. Thc output signals of these
sensors 41a, 41h arc input into air-conditioning controller 40
Io control the openin ~ of seixind depressunzing device 27,
thereby controlling the supercool temperature of Lhe higher-
pressure refrigerant at the outlet of refngerant-refrigerant
heat exchanger 23.

In injection passage 22d described above, intermediate-
pressurc-refrigerant tcmpcrature sensor 4lf and
intermediate-prcssure sensor 418, which rcspectivcly rlctcct
Ihe iemperature and pressure of Ihe intermediate-pressure
refngerant, depressurized by lirst depressunzing device 26,
are disposed The output si nels of these sensors 41f, 418 are
input into air-conditioning controfler 40 Io control the open-
ing of first depressurizin device 26, thereby controlhng the
superheat tcmpcrature of the intermerliate-pressure refriger-
ant at the outlet of the refrigerant-rcfri crant heat exchanger

Air-conilitiomng controller 40 aLso controls each opera-
tion of. Iirst to Lhiril depressurizing devices Z6, 27, 29,
solenoid valves 28a, 28h, 28c, doors 6, 16, 17, 18, outlet-
changing doors (not shoivn), blower 7, and outdoor fan 24a
Solenoid valves 28a, 28h, 28c are controlled to open,'close
as shovvn in FIG. 59 described later, thereby changin thc
rcfri crant-circulation route corresponding to each cooling,
heaung, dehumidifying and ilefrosting modes.

In refngerant-reliugerant heat exchanger 23 descnbed
above, for example, as shown in FIG. 58, inside passage
23aand outside passa e 23h are formed ooncentrically as a
cylindrical douhle-passage structure. Withm inside passe e
23a, located at thc center of thc refrigerant-refrigerant heat
cxchan er, niain refrigerant (higher-prcssure refrigerant)
directed for outdoor heat exchanger Z4 flows. Ouoside pas-
sage 23h is composed of plural small passages disposed
circumferenfiafly around inside passage 23a. The
intermediate-pressure refrigerant, depressurizerl by first
depressurizing device 26, flows into outside passage 23h
from bypass passa c 63.

Tubular mcmlicr 23c, cncasin insirlc passage 23aanrl
outside passe e 23h, is molded (for example, extrurleil) from
hi h thermal-comlucuon metal such as aluminum. Heat-
insulating material is anacheil to Ihe penpheral surlace of
tubular member 23c Therefore, heat exchange can be sat-
isfactorily performed only betiveen the higher-pressure
rcfri erant within inside passage 23aanrl thc intcrmediate-
prcssurc refrigerant within outsirlc passage 23h.

W'hen gas injecuon is not required, lirst depressunzin ~

device 26 ts entirely closed, so that the higher-pressure
refn erant flows only in inside passage 23aond this
refrigerant-refrigerant heat exchanger 23 is used as a portion
of higher-pressure side piping 32 Water-refrigerant heat
cxchan cr 74 can lie also formed in thc same manner as in
rcfri crant-rcfri erant heat cxchan cr 23 rlcscnbcd above.
In water-refrigerant heal exchanger 74, inside passa e (hot-
water passage) 74a aml outsiile passage (refrigerant passage)
can be formed concentncally to be cylimlncal double-
passage structure 'I'he intermediate-pressure refrigerant
floivs into outside passage 74h from outside passage 23 of
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ref ngerant-refrigerant heat exchanger 23 through piping 71.
The outlet side of this outside passage 74b is connecterl io
injection port 22c throu h injection passage 22d and to
piping 72 equipped with solenoid valve 28c for defrosting
through branch pnint 73a. This piping 72 is connected to
branch point 736 downstream of third depressurizing device
29.

Next, hot-water circuits 8U, circuhiting the hot water into
inside passage (hot-water passage) 74u of water-refrigerant
hc&t exchanger 74, will be explained. Hot-water circuits 80 iu
are prov&decl for cooling heating devices 81, mounted on the
vehicle. I'or example, heating devices 81 can include an AC
motor (not shown) for running the elec(wc car, a
semiconductor-switching element (power transistor) aml Ihe
like.

Hot-water circuits 80 include not only water-refrigerant
heat exchanger 74 described abnve, but also electric water-
pump 82 for circulating the hot water, solenoid three-way
valve (water-i:ircuit changing means) 83 anil radiator 84 for
rathattng Ihe heat of the hot water (cooling water) to outside.
air. By changing thc operation of three-way valve 35, thc hot ao

water heateil at heating ilevices 81 flows into water-
refngerant heat exchanger 74 as indicated by sold arrows A,
or flows intn radiator 84 as indicated by broken arrotv B

In air-cnnrlitioning control panel 50 shown in I'IG 3, the
following operation members manually nperated by the zs
passcngcr arc provided. Temperature-controi lever 51 sets
thc target temperature of the air blown into the passenger
compartment, and sets Ihe target rotation-speed of electnc
compressor 22 in the present embodiment. Further, accord-
ing tn the target value set by the operation positinn of .&ti

temperature-control lever 51, solenoid valves 28n, 28/&, 28c
and passage-changing doors 16, 17 are controlled to be
opcnctl/closed, thereby changing the operation modes of thc
rcfn cration cycle.

Next, in the above structure, Ihe operation of the Iweniy &S

seventh embodiment v:ill be explained. If air conditioner
switch 53 is turne&1 on, its signal is input into controller 40
and controller 40 turns on compressor 22. When
temperature-control lever 51 is located in the positions
bctwccn PHl and PH2 in this state, controlicr 40 dcterniincs ao

that thc heating mode is set, and controls equipmcnt such as
solenoid valves 28n, 28b, 28c anil pamage-changing doors
16, 17 in the heaung mode shown in FIG. 59. In FIG. 57,
black arrows inrlicate relngerant-flow directions dunng Ihe.

heating mode. I1G 60 is a Mnllier diagram indicating the as
refrigerant state of the refrigeration cycle in the heating
mode. Supcrhcatcd gas-rcfri erant, having higher pressure
anil tcmpcraturc, is discharged from compressor 22, and
flows tnto indoor conrlenser 12. Then, in imloor mndenser
12, the superheated gas refrigerant exchanges heat v:iih so

(rathates the heat Io) Ihe air blown by blower 7, aml is
thereby cnnrlensed. I'he hot air heated by the gas-liquid
condensation is mainly bloivn into the passenger compart-
ment from foot outlet 8, thereby heating the passenger
compartment.

Since solenoid-valve 28b lor cooling is closed, a poruon
of the higher-pressure refrigerant exiting comlenser 12 flows
into bypass passage 63 through branch point 61n. Then, a
portion nf the higher-pressure refrigerant flows into first
depressuri&ing rlevice 26 and is depressuri&ed to intermedi-
ate prcssure PM. Thc two-phase rcfri erant depressurized to
intcrmcdiatc prcssure PM flows into outside passage 23b of
refngerant-refrigerant heat exchanger 23. Then, Ihe two-
phase relngerant exchanges heat with (extracts heat from)
higher-pressure refrigerant at the outlet of condenser 12 ss
flowing into inside passage 23a, thereby increasing the
gas-refrigerant ratio of the tivn-phase refrigerant

As indicated by sohd arrows A, the hot water, heated by
heaung devices 81 of hot-water circuixs 8U, flows into
water-refrigerant heat exchanger 74 by three-way valve 81
durin heating. Thercforc, thc intcrmctliatc-prcssure
refrigerant, exiting outside passage 236 of refri erant-
refrigerant heat exchanger, exchan es the heat with (extracts
heat from) the hot water at water-refrigerant heat exchanger
74. As a result, the intermediate-pressure refrigerant and the
gas-rcfri erant ratio is increased.

Since solenoid valve 28c is closed during thc heating
mode, the intermediate-pressure gas-refngerant tlows into
injection port 22c through injection passage 22d.

The hi her-pressure refrigerant, flowing in inside passage
23aof refrigerant-refngerant heat exchanger 23, exchanges
heat with (radiates the heat to) thc refrigerant flowing
outside passage 23b anil is supercooled. This supercoolcrl
higher-pressure refrigerant flows into second depressuriving
device 27, is depressurized to lo&ver pressure PI. by second
depressunzing device Z7, and flows into outdoor heat-
exchanger Z4. When Ibis lower-pressure refrigerant tlows
&vithin outtloor heat-cxchangcr 24, it extracts heat from thc
air (outside air) blown by outdoor fan 24u aml is gasilied.

The gas refngerant, gasified in outdoor heat-exchanger
24, tlo&vs into accumulator 25 through solenoid valve 28n,
which is open durin heating 'I'he liquid refrigerant, gen-
erated due to heatin -load tluctuation, is reserved within
accumulator 25. In accumulator 25, thc gas rcfrigcrant is
dra&vn from thc upper-cnd opcmng of its U-shaped
refngerant-outlet tube 25a. At the same ume, the liquid
refngerant, in which oil dissolves, is drawn from the oil-
returning holes (not shown) provided at the bottom of
I/-shaped refrigerant-outlet tube 25u. 'I'hen, the liquid refrig-
erant is mixed into the gas refrigerant, and the gas refrigerant
is drawn into intake port 22b of compressor 22. According
to this nianncr, cvcn when refrigerant-flow volume is small,
such as dunng a lower-load heating time between starung
and stopping dunng the heanng mode, oil can be surely
returned to compressor ZZ.

The opening of first depressurizing device 26 is controlled
by controller 40 based on the signals detected by tempera-
ture sensor 4lf and prcssure sensor 418 for thc intcrmediate-
prcssurc rcfri erant. By this opcnin control, thc flow vol-
ume of the gas-inleciion refrigerant, tlowing into infection
port 22c of compressor ZZ, is controlled so that superheaun ~

temperature SH of Ihe gas-infection reldgerant reaches a
predetermined value. That is, if superheat temperature SI I of
the gas-injection refri erant becomes larger, the opening of
first dcprcssurizin device (electric expansion valve) 26 is
incrcascd. If supcrhcat tcmpcrature SH bccomcs smaller, thc
opening of. lira( depressunzing device Z6 is reduced. Thus,
Ihe excessive liquid refngerant is prevented from returning
to compressor Z2 by controlling the superheat temperature
for the gas-injection refrigerant

The opening of second depressuritnng device 27 is con-
trolled by controller 40, thereby controlling heat quantity
cxchan ed in refrigerant-rcfrigcrant heat exchanger 23 so
that supercool temperature SC of the higher-pressure refrig-
erant having flowed out of inside pasvage Z3no( refngerant-
refngerant heat exchanger Z3 becomes the pretleterminetl
value 'I'hat is, if supercool temperature SC of the higher-
pressure refrigerant becomes larger, the pressure value of the
hi hcr-prcssure refrigerant is rcduccrl by increasing thc
opening of secontl dcprcssurizing tlcvice 27, thcrcby rcduc-
in ~ supercool temperature SC. If supercool temperature SC
becomes smaller, the pressure value of the higher-pressure
refngerant is increased by retlucing the opening of second
depressuri&ing device 27, thereby increasin supercool tem-
perature S('
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In FIG 6U, Gi is Ihe flow volume of. the refrigerant

gas-injected to in)ection port 22c from injection passage
22d, and Ge is the flnw volume of the refrigerant draivn into
compressor 22 through outdoor heat exchange (evapnrator at
thc heating) 24. Ail is the cnthalpy diftcrcnce of thc
intcrmcdiatc-pressure rcfrigcrant at thc gas-injection side
whtch extracts heat in reftngerant-refrigerant heat exchanger
23 anti water-refngeranl heat exchanger 74. 512 is Ihe
enthalpy difference of the higher-pressure refrigerant which
radiates heat at refrigerant-refrigerant heat exchanger 23 and in
heads fnr second depressurizing device 27. Since passage-
changing doors 16, 17 open thc air passage at the side of
condenser 12 and entirely cloaca l&ypass passage 12a, heat
exchange is performed in conrlenser 12 between the higher-
pressure refngeranl discharged from compressor 22 and Ihe.

air blown by blower 7
In I'IG 61, the pressure (intermediate pressure) of the

intermediate-pressure refrigerant, depressurized by first
dcprcssurizing device 26, is shown on thc abscissa, and
supcrhcat tcmpcrature SH of thc injection rcfrigcrant and zo

healing capacity Qc are shown on Ihe ordinate. When
superheat temperature SH is arbitrary value T1, the inter-
mediate pressure becomes Pm withnut waste-heat recnvery
at water-refrigerant heat exchanger 74, and heating capacity
Qc becomes Ql In the present embodiment, the ivaste heat zs
is rccovcrcd at water-refrigerant heat exchanger 74.
Thcrcforc, Even if superheat temperature SH is controflcd to
the same value TI, since th e intermediate-pressure refrig-
erant ts enhanced aml is gasilieil by the waste-heat recovery
from the hot water, the intermediate-pressure value can be
increased from Pm to Rtnl as shown in HG 62. The floiv
volume of the gas-injection refrigerant is increased from Gi
to Gil duc to this intcrmcdiatc-prcssure rise, and heating
capacity Qc can bc increased from Ql to QZ in FIG. 61. FIG.
62 is a Mollier diagram showing the change of cycling- is
refngeranl state between Ihe presence aml absence of. Ihe
wdsle-heal reciivery.

Next, the defrosting mnde during the heating mode will be
explained In the heating mode, water is condensed at
outdoor heat-exchanger 24 operated as an evaporator, and do

thc condcnscd water is frosted at outdoor heat-exchanger 24.
When outdoor heat-exchanger 24 is determined lo be under
the frost-formation state by controller 4U, equipment such as
solenoid valves 28n, 28b, 28c anti passage-changing doors
16, 17 are changed to the defrosting mode shown in lrlG. 59 ds

The frost-formation state of outdnor heat-exchanger 24
can bc rlctcrmincd by various niethods. In thc prcscnt
cmborhmcnt, when refrigerant temperature Tho at the outlet
of outrloor heal-exchanger 24 is lowered due to frost for-
mation al outdoor heat-exchanger 24 and the temperature so

difference (Tam —Tho) between outtude temperature Tam anil
outlet-refrigerant temperature Tho becomes larger than a
predetermined value (for example, 20'.), outdonr heat-
cxchan cr 24 is determined to bc in a frost-formation state
and thc rcfrigcration cycle is changed to thc dcfrosting niode ..
shown in FIG 63. In FIG. 63, white arrows indicate
relngeranl-flow ihrections in the defrosting mode, FIG. 64 is
a Moiler diagram shov:ing Ihe change of refngerant state in
the defrosting mnde.

In the defrnsting mode, since the air passage of condenser so
12 is cntircly closed by passage-changing doors 16, 17, all
of thc air blown by blower 7 passes through bypass passage
12a of conrlenser 12. Therelore, the gas reftngerant dis-
charged from compressor 22 bypasses condenser 12 v:ithout
heal exchange when the relngerant ts lust being discharged, es
and the flmv of the refrigerant is divided to two streams at
branch point 6ln.

The refrigerant of one flow radiates heat, while passin ~

through inside passa e 23nof refrigerant-refrigerant heat
exchanger 23. 'I'hereafter, the refrigerant is depressurized by
second depressurizing device 27, and tlows into outdoor
heat-cxchan cr 24. At outdoor heat-exchanger 24, thc
deprcssurized gas-refrigerant (hot gas-refrignant) radiates
heat, thereby defrosling outdoor heal-exchanger 24. The
refngeranl having passed through outdoor heat-exchanger
24 tloivs into accmnulator 25 through opened solenoid valve
28n for heating

The refrigerant of the other tlow from branch point 61a
flovvs into first dcprcssurizin device 26 and is dcprcssur-
izcrl. The dcprcssurized gas-rcfrigcrant passes through out-
side passage 238 of refngerant-refngeranl heat exchanger
23, while extractin ~ heat from higher-pressure gas-
refrigerant passing through inside passage 23n. I'hereafter,
the depressurized gas-refrigerant again extracts heat from
hot ivater in outside passage (refrigerant passage) 74b of
water-rcfrigcrant heat cxchan cr 74. Thcrcaftcr, thc dcprcs-
surizerl as-refrigerant passes throu h dcfrosting solenoid
valve Zgc, flows into indoor evaporator 11, anil radiates the
heat into the air blown by blower 7. The refngerant having
passed through indoor evaporator 11 tlows into accumulator
25, thereby joining the refrigerant having passed through
outdoor heat exchan er 24 and is drawn into compressor 22

Thc blown air (hot air) heatcrl by inrloor evaporator 11

passes through bypass passage 12n of condenser 12, and is
blown into Ihe passenger compartment mainly from fool
outlet 8, thereby heating the passenger compartment.
Therefore, the passenger compartment is heated while
defrosting is performed. 'I'his prevents the temperature drop
of the passenger compartment dunng defrosting In the
defrostin mode, first and second dcprcssurizing devices 26,
27 arc respectively maintainerl at each of thc preset arbitrary
openings.

If. Ihe delrosting mode proceeds, refngerant temperature
Tho al the ouflet of outiloor heat-exchanger Z4 is increased.
If the temperature difference (Tam —Tho) between outside-
air temperature Tam and outlet-refrigerant temperature Tho
is cqualizcd to or lower than thc prcrlctcrmincd value (for
cxaniplc, 20'.) anil this state continues for a prcrlcter-
mined nme (for example, 10 secomls) or more, it is ileter-
mined that defrosling of outiloor heat-exchanger 24 is
completed, anil the healing mode is resumed

When temperature-control lever 51 is positioned between
P('I and PC2, controller 40 determines that the cooling
mode is sct, and controls equipment such as solenoid valves
28n, 28b, 28c and passage-changing doors 16, 17 in thc
cooling mode shown in FIG. 59. In FIG. 57, white arrows
imhcate refngerant flow during the cooling mode. In the
cooling mode, since passage-changing doors 16, 17 entirely
close the air passage at the side of condenser 12, afl of the
air blown by bloiver 7 tlows into bypass passage 12a
Therefore, thc supcrhcatcrl gas-rcfrignant having higher
prcssure and tenipcraturc, discharge(i from compressor 22,
does nol exchange heaL with (does not radiate the heat to) the
air blown by blower 7. Therefore, refrigerant passes through
condenser 12 uniler as superheated refrigerant just bavin ~

been discharged from compressor 22
At this time, since first and second depressunzin devices

(clcctric expansion valves) 26, 27 are controllcrl to bc
entirely closed, afl of thc gas refrigerant discharge(i from
compressor ZZ flows into outiloor heat-exchanger 24
Ihrough opened soilenoid valve Zgb for cooling and bypass
passage 6Z. At outdoor heat-exchanger 24, the higher-
pressure refrigerant exchanges heat with (radiates the heat
to) the air (outside air) blown by outdoor fan 24n and is
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condensed. The refngeranl concfensed in outdoor heat-
exchanger 24 is depressurized to loiver pressure PI., &vhife

passing through third depressurizing device 29 due to clos-
ing solenoicl valves 28a, 28c I'hereafter, the refrigerant
flows into evaporator 11. Thc opening of third dcprcssuriz-
ing dcvicc 29 is controlled based on thc si naia detected by
high-pressure sensor 41b and refngeranl-temperature sensor
418 at the outlet of. outdoor heat-exchanger 24 so that Ihe
supercool temperature of the refrigerant at the outlet of
outdoor heat-exchanger 24 becomes the predetermined
value

At evaporator 11, thc refrigerant extracts heat froni the air
blown by blower 7 and is gasified, As described above, the
air cooled in evaporator 11 does noi pass through indoor
comlenser 12 at the dov:nstream stele, but passes ihrough
bypass passage 12a as cool air 1'hen, the cool air is bfnivn
into the passenger compartment mainly from face outlet 9,
therel&y cooing the passenger compartment. The gas
rcfn crant, gasiflcd at evaporator 11, flovvs into accuniulator
25, and is drawn into intake port 22b of compressor 22 from ao

accumulator 25 When temperature-control lever 51 ts posi-
tioned between PD1 ancf PD2, controller 40 determines that
the dehumidifying mode is set, and controls equipment such
as solenoid valves 28a, 28b, 28c and passage-changing
doors 16, 17 in the dehumidifying mode sho&vn in fil(1. 59 zs
In FIG. 57, cross-hatched arrows indicate refrigerant flows
durin thc dehumidifying mode.

In the dehumidifying mocfe, the air passage of comlenser
12 ts opened by passage-changing doors 16, 17, and super-
heated gas-refrigerant having higher pressure and
temperature, discharged frnm cnmpressor 22, flo&vs into
condenser 12 Therefnre, the gas refrigerant exchanges heat
with (rachatcs thc heat to) the air blovvn by l&iower 7 at
condcnscr 12 ancl is condensed. During this time, since first
depressurizing device 26 and solenoid valve 28b for cooling is
are entirely cfosecf, all of. the higher-pressure refrigerant
condensed al condenser 12 passes through inside passage
23aof refngerant-refrigerant heat exchanger 23 Then, the
refngerant passing through inside passage 23ais not confed,
and flows into second dcprcssurizin device 27 as rcfriger- so
ant just having passed through indoor condenser 12. The
reingeranl is depressunzed to the intermediate pressure by
this second cfepressunzing device 27, and flows into outdoor
heal-exchanger 24.

In the dehumidifying mode, first dehmnidifying mode l)1 JS

requires the blown air having higher temperature In first
dehumidifying mode Dl, thc interniediatc prcssure provided
by second clcprcssurizin device 27 is sct at a value lower
than the saluratecf vapor pressure of. Ihe refngeranl at
outside-air temperature. As such, outdoor heal-exchanger 24 so

can be operalecf as an evaporator so that the refrigerant can
extract heat therein. That is, the depressurizatinn quantity is
increased by making the npening of second depressurizing
dcvicc 27 smaller, so that thc intermediate-prcssure can be
sct at lower prcssure. The intemiediatc-prcssure refrigerant ..
having ex&teil outdoor heat-exchanger 24 flows into third
depressurizing device 29 by closing solenoid valve 28a for
heanng, ancf is cfepressunzed to lower pressure PL. The.
depressurizecl lo&ver-pressure refrigerant flows into evapo-
rator 11 to extract heat from air bloivn by bloiver 7, and
flows into accumulator 25. Thc gas rcfri orant is drawn into
intake port 22b of compressor 22 from accumuiator 25. In
the dehumidifying mode, since the reiingerant flows inio
both evaporator 11 ancf condenser IZ provicfecf within indoor
air-c:onditioner unit I, Ihe air blown by blower 7 is coolecf as
and dehumidified at evaporator 11 and is heated at condenser
12 as hot air 'I'his hot air is bfnwn into the passenger

compartment, thereby defogging the windshield aml
dehumidifying,'heating the passenger compartment

In first dehmnidifying mode l)1, the amount of heat-
radiation of indoor condenser 12 can be the summation of
thc niotive-power amount of compressor 22 and thc amount
of heat extraction of outdoor heat-cxchan cr 24 and indoor
evaporator 11. Therefore, Ihe blown air having h&gher tem-
perature can be provided. In Ihe dehumidiTying mode,
second dehumidifying mode 1)2 requires the blown air
having lo&ver temperature In second dehumidifymg mode
D2, the intermediate pressure provided by second clepres-
surizing dcvicc 27 is set at hi hcr than thc saturated vapor-
prcssurc of the rcfrigcrant at outsiclc-air tcmperaturc, so that
outdoor heat-exchanger Z4 can be operated as an condenser
allowing refngerant to radiate heat therein. That is, the
depressurization quantity is reduced by making the opening
of second depressurizin device 27 larger, so that the
intermediate-pressure can be set at higher pressure

Accordingly, since outdoor heat-exchanger 24 can bc
operated as an condenser, thc summation of motive-poser
amount L of: compressor Z2 amf the amount of heat extrac-
lion of indoor evaporator 11 is equalized lo the summation
of heat-radiation amount t)eh of outdoor heat-exchan er 24
and heat-radiation amount Qc of indoor condenser 12
Therefore, the amount of heat-radiation of indoor mndenser
12 is rcduccd morc than in first dehumidifying mode Dl,
thereby providing blown air having a lown tcmpcrature.

In Lhe present embodimeni, refrigerant-cycle routes can
be simphlied for Lhe following reason. Even during the
defrosting and coolin modes, since the air stream into
condenser 12 is stopped so that the air passes through bypass
passage 12a by passage-changing doors 16, 17, condenser
12 becomes a portion of the higher-prcssure refrigerant
passage. Thcrcforc, cluring heating, cooling, dehumidifying
and defrosung modes, since the refrigerant flows through
conclenser 1Z, Ihe as refrigerant discharged from compres-
sor 2Z can flow into outdoor heat-exchanger Z4 through
condenser 12 in one direction. As a result, a four-way valve
for reversing the refrigerant-tlow direction can be removed,
or the nun&bar of valves, such as check valves for changing
the rcfri crant-floiv route and solenoid valves, can be
reduced. This simplifies the refrigerant-piping structure.

FIG. 65 shows a twenty eighth embodiment of the present
mvenuon. In the twenty seventh embodiment, three-way
valve 83 is provided in hot-water circuits 80. The hot water
heated by heating devices 81 flows into &vater-refrigerant
heat cxchangcr 74, as indicatecl by solicl arrows A, clurin thc
heatin and dcfrosting niodes. During thc cooling ancl clchu-
midifying modes, the hot water heated by heatin devices 81
flow into raduitor 84, as imhcated by broken arrow B. In Lhe

twenty eighth embodiment, however, three-way valve 83
and radiator 84 are removed, and hot &vater at all times flows
into water-refrigerant heat exchanger 74. 'I'he cooling from
hcatin devices 81 at all times must bc pcrformcd at ivater-
rcfri erant heat cxchan cr 74 by removing racliator 84
Therefore, since the hot water flows into infection passage
2Zd, lhe temperature of the compressor-discharge refngerant
is increased. However, cost recfucuon can be improved by
reducing the number of components of hot-water circuit 80

11G. 66 sho&vs a twenty ninth embodiment. In the twenty
seventh embodiment, water-rcfrigcrant heat exchanger 74 is
provided at thc side of injection passa c 22d where thc
intermecliate-pressure refrigerant flows, thereby recovenng
waste heai by infecting refrigerant. In Ihe lwenly ninth
embodiment, however, waste heal from heating devices 81
is remvered by lo&ver-pressure refrigerant. 'I'hat is, as shown
in 11G 66, water-refrigerant heat exchanger 74 is provided
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between the inlet of. accumulator 25 aml confluent point 73r
and solenoid valve 28n lor heating. since the refrigerant
from thc outlet of evaporator ll flows through outside
passage (refrigerant passage) 746 of water-rcfrigcrant heat
exchanger 74, efficiency is reduced due to pressure-loss
increase during the cooling mode I'he quantity-increase
effect of the iniection refrigerant riue to waste-heat recovery
can not be exercised in the heating mode. In the twenty ninth
cmbothmcnt, hcatin pcrfomiancc is improved by recover-
ing thc waste heat from the hot water even when the

1 it
temperature of the hnt water is low.

I'it) 67 is a Moliier diagram shnwing the defrosting mode
according to the third embodiment (corresponding to FIG.
64). The gas-liquid two-phase lower-pressure relrigerant
flowing into thc inlet side of accuniulator 25 flows within
outside passage (refri crant passage) 74b of water-
refngerant heat exchanger 74. I'he temperature of the lower-
pressure refngerant in the gas-liquid tive-phase region is
much lower than that of the refngerant in superheated-gas
region. Therefore, even if. the temperature of the hot water
of hot-water circuits 80 becomes somewhat lower, thr zo

temperature ihlference between the hot water aml the refrig-
erant can be ensured, thereby improving heanng perfor-
mance due to ivaste-heat recovery from the hot ivater This
etfect can be also exercised during the heating mode in the
same manner as at the defrosting mnde. zs

In FIGS. 64, 67, thc refrigerant pressure within evaporator
11 is shown to bc lower than that within outdoor hcat-
exchanger 24 due to riiagramming facility. However, the.

relngerant pressures within both 11, 24 are similar to each
other. I)

I'IG. 68 shnws a thirtieth embodiment of the present
invention. In the twenty seventh to twenty ninth
cmbothmcnts, water-rcfrigcrant heat exchanger (first heat
cxchangcr) 74 and refrigerant-refrigerant heat exchanger
(seconil heat exchanger) 23 were indiviriuafly composed. In is
this emboihment, as shown in FIGS. 68—7U, both heat
exchangers 23, 24 are integral-type heat exchanger 230.

Next, an example of integral-type heat exchanger 230 iviil
be explained with reference tn I'I(IS 69, 70. Higher-
prcssurc rcfrigcrant passu e 230a corresponds to inside xo

passage 23riivhcrc thc higher-pressure refrigerant flows in
refngerant-relingerant heat exchanger 23. Intermeriiate-
pressure refrigerant passage 2306 corresponds to outside.
passage 236 where intermeriiate-pressure refngerant flows
in refrigerant-refrigerant heat exchanger 23. I lot-water pas- as
sage 230c corresponds to inside passage 74n ivhere the hot
water flows in water-rcfri erant heat exchanger 74. Highrr-
prcssurc rcfngerant passage 230n, intermediate-pressure
refngerant passage 23Ub aml hot-water passage 23Ur are
integrated. so

Above three passages 23Un—23Uc are respectively formeri
of metal such as aluminum to lie a flat tube having plural
holes by extruding Then, higher-pressure refrigerant pas-
sa c 230a anil hot-water passage 230c arc respectively
bontlctl to each of both sides of interniediatc-prcssure rcfri - ..
erant passage 2306, so that these three passages are inte-
grated

In above embodiments, bypass passage 62 directly con-
nects iiranch point 6ln at the outlet side (upstream side of
refrigerant-refrigerant heat exchanger 23) of condenser 12 so
anil conflucnt point 6lb at thc inlet side (upstream side of
second dcprcssurizing dcvicc 27) of outdoor heat exchanger
24, anti solenoid valve (electnc opening'closing means) 286
is provnled in bypass passage 62. However, solenoid valve
can be connected in parallel with second depressunzing ss
device 27 directly between the inlet and outlet therenf ivith
removing bypass passage 62

In the above embodiments, two plate-type passage-
chan nng doors 16, 17, interlocked, are used as doors I'or

changin thc airflow bctwccn condenser 12 anil bypass
passage 12a. However, onc plate-type door such as a film-
type door or the like can be used as this door.

While the above-described embodiments refer to
examples of. usage of the present invention, it is untierstood
that the present invention may be applied to other usage,
modifications and variations of thc same, and is not limitcrl
to the disclosure providcrl hcrcin.

What is claimed is
1. A refrigeration-cycle device comprising:
an air-contlitioning duct channeling air into a passen cr

compartment;
a blower blowing air through said air-conditioning duct;
a compressor having a gas-injection port for introducing

intermediate-pressure refri erant into said compressor;
an indoor heat-exchanger disposed within saitl air-

conditioning duct which heats air with higher-prcssure
gas refrigerant discharged from said compressor during
a heating mode;

outdoor heat cxchangcr which evaporatcs lower-pressure
refrigerant by extracting heat from outside air during
heating; and

heat-exchanging means where refrigerant extracts heat
from a ivastc-heat recovering fluitl containin heat
recovered from a heating device;

a plurahty of changeable operation modes incluthng a
lower-pressure-side heat-extraction heat-pump motte,
an interniediatc-prcssure-sirlc heat-extraction hcat-
pump mode and a gas-injection heat-pump mode;

wherem said heat-exchanging means is set to a lower-
pressurc side and lower-prcssure refrigerant rlraivn into
said compressor which has extracted heat from thc
ivaste-heat recovering fluid, when in the lower-
pressure-side heat-extraction heat-pump mode;

wherein said heat-exchanging means is set in an
intemiediate-pressure side and intermediate-pressure
rcfri erant is introduced into sairl compressor-gas-
injcction port which has extractetl heat from thc ivastc-
hcat recovering fluid, ivhen in the intcrmctliatc-
pressure-side heat-extracnon heal-pump mode, anti

wherein heat extraction from the waste-heat recovering
fluid is stopped aml the intermethate-pressure relnger-
ant is drawn into said gas-injection port when in the
gas-iniection heat-pump mode.

2. A refrigeration-cycle device comprising:
an mr-conditioning duct channeling air towarti a passen-

ger compartment;
a blower blowmg air into saitl air-conditionin ~ duct,
a compressor inclutling gas-injection port which intro-

duces intermediate-pressure refrigerant inki said com-
pressor,

an indoor heat-exchanger rlisposctl within said air-
conilitioning duct which heats air with higher-pressure
gas refrigerant discharged l rom saiti compressor dunng
a heating mode,

outdoor heat exchange which evaporates lower-pressure
refngerant by extracting heal from outside air dunng
heating; and

heat-exchan nn ~ means in which refrigerant extracts heat
from a waste-heat recovenng fluid containing recov-
ered waste heat from a heatin device;

a plurahty of changeable operation modes incluthng a
lower-pressure-side heat-extracnon heat-pump mode,
an intermediate-pressure-side heat-extraction heat-
pump mode;
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wherein said heat-exchanging means is sel to a lower-

pressure side and lower-pressure refngeranl drawn inio
saicl compressor extracts heat from thc vvastc-heat
rccovcrin fluid when in the lower-prcssure-side hcat-
extraction heat-pump mode;

wherein saul heat-exchanging means is sel in an
intermediate-pressure side and intcrmediatc-prcssure
rcfngcrant is introduced into said coniprcssor-gas-
injection port which has evtracted heat from the waste-
heat recovering fluid, when in the intermediate- iu
pressure-side heal-extraction heal-pump mocie.

25 The refrigeration-c:ycle cievice according to claim 2,
whcrcin

said heat-evchanging means includes at least a refrigerant
passage whcrcin refrigerant flows and a fluid passage

15
whcrcin thc waste-heat recovering fluid flovvs; and

wherein the lower-pressure refrigerant or the
intcrmcdiatc-prcssure refrigerant flovvs in said rcfrig-
crant passage.

4. The refrigerauon-c:ycle device according to claim 2,
wherein

said heat-exchanging means inciudes at least refrigerant
passage wherein reingerant flows and fluici passage.
wherein lhe waste-heat recovering fluici flows,

when lhe temperature of the waste-heal recovering fluid is as
below a predetermined value, the lower pressure

refrige-

rantl flows in said refngeranl passage; and
when lhe temperature of. the waste-heal recovering fluici is

higher than a precielermined value, lhe intermediale-
pressure refrigerant flows in said refrigerant passage

5. 'l'he refrigeration-cycle device according to claim 2,
wherein

said heat-exchanging means includes heat exchanger
fnrmed by integrating first passage, second passage and
third passage, 55

the higher-pressure refrigerant passing through said
indoor heat-exchanger flows in said first passage;

the intermediate-pressure refrigerant flows in saici seconci
passage;

the waste-heat recovering fluici flows in smd third pas- se

sage; and
the intermediate-pressure refrigerant exchanges heal v:iih

both the higher-pressure refrigerant and lhe waste.-heat
recovering fluid

as
6 I'he refrigeration-cycle device according to claim 2,

whcrcin.
said heat-exchanging means includes first heat exchanger

and second heat exchanger which are separately
formed;

50
heat exchange is perfnrmed at said first heat exchanger

iietween the higher-pressure refrigerant passing
through said indoor heat exchanger and the
intermediate-pressure refrigerant; and

heat exchange is performed in said second heat exchanger
bctwccn thc waste-heat recovering fluid and thc
intcrmcdiatc-prcssure refrigerant.

7. The refrigerauon-c:ycle device according to claim 2,
wherein

said heat-exchanging means includes internicdiatc- sti
pressure saic heat-exchanger and lower-pressure side.
heal-exchanger;

when lhe temperature of the waste-heal recovering fluid is
htgher than a predetermined vahie, the intermediate
refrigerant extracts heat from lhe waste-heat recovering 55

fluid in said mtermediate-pressure side heat-exchanger;
and

when the temperature of the waste-heat recovenng fluid is
lower than a predetermined value, the lnwer-pressure
refrigerant extracts heat from the ivaste-heat recovering
fluid in said lower-pressure side heat-exchan er

8. The rcfrigcration-cycle clcvice according to claim 1,
vvhcrcin:

when the temperature of. the waste-heat recovewng fluid is
lower than lirst set value, heat extraction from lhe
waste-heal recovenng fluicl is stopped ami a gas-
injection heat-pump mode ivhere the intermediate-
pressure refrigerant is introduced into said as-
injcction port is performed;

when a tcmperaturc of thc waste-heat recovering fluid is
hi hcr than saicl first set value ancl lower than a second
set value, a lower-pressure-side heat-exlracuon heat-
pump mode is performecl, a lower-pressure refngerant
extracting heat from the waste-heat recovering fluid in
said loiver-pressure-side heat-extraction heat-pump
mode; and

when a tempcraturc of the waste-heat recovering fluicl is
higher than said scconcl sct value, an intcrmccliatc-
prcssurc-side heat-extraction heat-pump mode is
performed, said intermediate-pressure refrigerant
extractmg heal from the waste-heaL recovering fluid
ivhen in said intemiediate-pressure-side heat-extraction
heat-pump mode is performed.

9. A rcfri eration-cycle clcvice comprising:
air-conditionin duct whcrcin air flows toward a passcn-

gcr compartment;
blower for blowing air to saicl air-conditionin cluct;

compressor inchiding gas-injection port for introducin ~

intermediate-pressure refngeranl into compressor;
indoor heat exchanger disposed within said air-

conditioning duct for heatin air by higher-pressure as
refrigerant discharged frnm said compressor during a

heating mode;
outdoor heat cxchangcr for evaporating lower-pressure

rcfri erant by extracting heat from outside air clurin
hc atin;

heat-exchanging means where refrigerant extracts heat
front vvaste-heat recovering fluid containin rccovcred
waste heat from healing device (81); ami

whcrcin said heat-exchanging means extracts heat from
the waste-heat rccovcring fluicl and thc higher-pressure
refwgeranl passing through said indoor heaL-exchanger.

1U. A refwgeralion-cycle device composing:
air-conditionin duct channeling air toward a passenger

comparlmeni;
blower for blovving air to said air-conditioning duct;
compressor including gas-injection port for introducing

intermediate-pressure rcfrigcrant into said compressor;
indoor heat-exchanger disposed within said air-

conditioning duct for heatin air by higher-pressure as
rcfri erant discharged from saicl compressor during
hc atin;

outdoor heat cxchangcr evaporating lower-prcssure
rcfri crant by extracting heat from outsiclc air during
hcatin; and

heat-exchanging means ivhcrc rcfrigcrant extracts heat
from waste-heat recovering fluicl containing rccovcrccl
lhe waste heat from a heating cievice, wherein:
said heaL-exchanging means extracting heat from both

the waste-heal recovewng fluid anti lhe higher-
pressure refrigerant passing through saicl indoor
heat-exchan er
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11 A refrigeration-i:ycle rfevice composing:
air-conditioning duct channeling air toward a passenger

compartment;
blower for blowing air to said air-conditioning duct;
compressor including gas-injection port for introducing

intermediate-pressure refngeranl into said compressor;
imloor heat-exchanger ilisposed within sa«i air-

comlitiomng rfucl for healing air with higher-pressure.
gas refrigerant discharged from said compressor during 16
a heating mode;

outdoor heat exchanger for evaporating lower-pressure
rcfngcrant by extracting heat from outside air during
heating; and

heat-exchanging means where refrigerant extracts heat
from waste-heal recovering fluid containing waste heat
from a healing device (gl), wherein:
saul heat-exchanging means are set at a lower-pressure

side and the lower-pressure refrigerant drawn into
sairl compressor extracts heat from the ivaste-heat 6

rccovcmng fluid.
12. Thc rcfrigcration-cycle device according to claim 11,

wherein
dunng a cooling moile sairf outdoor heal-exchanger oper-

ates as a condenser, said heat-exchanging means oper- xs

ates as a condenser and cooks higher-pressure refriger-
ant with the waste-heat recovering fluid.

13. A rcfngcration-cycle device comprising:
air-conrlitioning duct channclin air toward a passcngcr

compartment;
a blower blowing air into said air-conditioning duct;
a compressor for compressing and rfischarging refnger-

ant,
an indoor heal-exchanger disposed within said air-

conditiomng duct which heats air with higher-pressure
gas refrigerant discharged from said compressor during
a heating mode;

outdoor heat exchanger which cvaporates lower-prcssure
rcfmgcrant by cxtractin heat from outside air during so
heating; and

heat-exchanging means where ref«geranl extracts heat
from waste-heal recovenng fluid containing waste heat
from a healing device (gl), wherein:
said heat-exchanging means is set at a lower-pressure as

side and lower-pressure refrigerant draivn into said
compressor extracts heat from thr vvastc-heat rccov-
cnng fluid; and

du«ng a cooling mode when said outdoor heal-
exchanger operates as a condenser, sairl heai- sn

exchanging means operate as a comlenser for cooling
higher-pressure refrigerant ivith the ivaste-heat
recovering fluid.

14. Thc refrigeration-cycle device according to claim 12,
whcrcin said heat-exchanging nieans is disposed in parallel ..
with sairf outdoor heat-exchanger.

IS. The ref«geralion-cycle device according to claim 12,
wherein said heat-exchanging means is disposed in series
with and dovvnstream of said outdoor heat-exchanger.

16. The refrigeration-cycle device according to claim 2,
wherein when said outdoor heat-exchanger is frosted during
thc heating morlc, said outdoor heat-exchanger is dcfrostcd
by making the higher-pressure ref«geranl passing throu h
said tmloor heat-exchanger (12) flow into sairf outdoor
heal-exchanger. 65

17 The refngeration-cycle device according to claim 2,
wherein

when smd outdoor heat-exchanger is frosted dunng the
heating mode, the gas refrigerant discharged from said
compressor is divided to tive streams, and

the refrigerant of one stream tlows into said indoor
heat-cxchan cr anil the refrigerant of thc other stream
flovvs into said outdoor heat-exchanger, thereby
defroshng said ouliloor heaL-exchanger.

lg. The refngeralion-cycle device according to claim 2,
wherein.

the evaporator is disposed upstream of said conrlenser
ivithin said air-conditioning duct; and

during the heating mode, said condenser heats the air
cooled in said evaporator, thereby performing a dehu-
midifying operation.

19. Thc rcfri eration-cycle device according to claim 1,
wherein.

lhe heal-pump mode is changed between a lower-
pressure-side heal-extraction heat-pump mode, an
intemiediate-pressure-side heat-extraction heat-pump
mode and a gas-injection heat-pump mode, based on an
aniount of vvastc heat gcncrated by said heating rlcvice.

20. Thc refrigeration-cycle device accorrling to claim 19,
wherein.

a lirst set vahi e and a secoml set value which is larger than
said lirsl set value are set as standards to determine the
amount of ivaste heat;

ivhen the amount of waste heat is smaller than sairl first set
value, a gas-injection heat-pump mode is set;

ivhen the amount of waste heat is between said first set
value and sairl second set value, an intcrmerhate-
pressurc-side heat-extraction heat-pump mode is sct;
aml

when lhe amount of waste heat is larger than said second
sel value, a lower-pressure-side heat-exlracuon heat-
pump mode is set.

21 The refrigeration-cycle device according to claim 19,
vvhcrcin

a first sct value and a second set value which is lar cr than
said first set value arc sct as standards to determine an
amount of. wasie heal,

lirsl set value aml secoml set value are set as standards to
determine the temperature of. the waste-heat recovenng
fluid;

when lhe amount of waste heat is larger than said second
sel vahie anil the temperature of. the waste-heat recov-
ering fluid is higher than said first set value, the
lower-pressure-side heat-extraction heat-pump mode is
set;

ivhen the amount of waste heat is lar er than said first set
value and the temperature of the waste-heat recovering
fluirl is hi her than said scconrl set value, the
intermediate-pressure-side heat-extraction heat-pump
mode is set, aml

when thc amount of waste heat is sma)ter than said first sct
value and thc temperature of the waste-heat rccovcrin
fluid is lower than the lirst set value, the gas-inlecuon
heat-pump mode is sel.

22 The refri eration-cycle device accordin to claim 19,
wherein

lhe amount of. waste heal is calculated based on a chang-
ing ratio of ivaste-heat recovering fluid temperature to
time

23. A rcfri cration-cycle rlcvicc comprising:
air-conditioning duct ivherein air tlows toward a passen-

ger compartment;
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imloor heat-exchanger ilisposed within sa«l air-

conditioning duct which heats air ivith higher-pressure
gas refrigerant discharged from a discharge port of said
compressor during a heating mode;

heat-exchanging means for exchanging heat during thc
heating mode bctwccn higher-pressure rcfri erant pass-
ing through saul inrloor heal-exchanger anil Lhe

intermerliate-pressure ref«geranl, saul intermeihate-
pressure refngeranl formed by rlepressunzing a portion
of higher-pressure refrigerant by passing said higher-
pressure refrigerant through a bypass;

second depressurizing device depressurizing the higher-
prcssurc rcfrigcrant passing through said hcat-
cxchanging means to a lower prcssure during the
healing moile, aml

outrloor heat-exchanger exchanging heal between Ihe.

lower-pressure ref«geranl passing through said second
depressurizing device and outside air during the heating
mode, wherein:
in thc heating mode, thc interniediatc-prcssure gas

refrigerant gasified by the heat cxchangc in said
heat-exchanging means is introduced into said gas-
injection port,

saul heal-exchanging means includes first fiat passage
wherein the higher-pressure refrigerant flows, sec-
ond flat passage ivherein the intermediate-pressure
rcfri crant flows, first header nicmbcr connected to
thc cnd of said first passage and second header
mcmbcr connected to the end of said second passage;
and

lirst passage anil said second passage penelrales any at
least said tirst header member or said second header
member

24. A rcfngcration-cycle device comprising:
air-conrlitioning duct channclin air toward a passcngcr

compartment;
indoor heat-exchanger disposed within said air-

conditiomng duct for heating air with higher-prcssure
gas refrigerant discharged from said compressor during
a heating mode,

heat-cxchangin means where internicdiatc-pressure
rcftngcrant cxchangcs heat during thc heating mode
with higher-pressure rehugerant passing through sairl
iniloor heal-exchanger and waste-heal recovenng fiuirl
from heating device, the intermediate-pressure refrig-
erant formed by depressurizing a portion of the higher-
pressure refrigerant passing through a bypass to an
intermediate pressure;

second depressurizing device for depressurizing the
higher-prcssure refrigerant passing through said hcat-
cxchanging means to a lower prcssure during thc
heating morlc; and

outdoor heat-exchanger for exchanging heat bctvvccn the
lower-prcssure refrigerant passing through said second
depressurizing rlevice aml outside air during the heating
mode, wherein:
during the healing mode, the intermediate-pressure gas

refrigerant gasitied by heat exchange in said heat-
exchanging means is introduced into said gas-
injcction port;

said heat-exchanging means including first flat passage
wherein the higher-pressure refngeranl fiows, sec-
oml tlat passage wherein the intermerliale-pressure
refngerant fiows, third flat passage wherein the
waste-heat recovering fluid flows, first header mem-
ber connected to an end of said first passage, second

so

header member connected to an end of said second
passage and third header member connecterl to an
end of said third passage; and

any one of said first passage, said second passage and
said third passage pcnctratcs at least onc of said first
bc ader ment bar, said second hcadcr mcmbcr and sairl
third header member.

25. The refri era«on-cycle device according to claim 24,
wherein said a plurality of flat passages are composed of flat
tubes separately formed, said a plurality of flat tubes are
integrally connected with one another.

26. The rcfrigcration-cycle rlcvice according to claim 24,
wherein a plurality of fiat passa cs arc composed of
mte rally-formed flat lubes.

Z7. A refmgeration-cycle device comprising:
an air-conditioning duct channeling air toward a passen-

ger compartment;
a compressor which compresses and discharges reinger-

iirit,
o

an indoor heat exchanger disposed within said air-
conditioning duct;

outdoor heat exchanger; anil

dunn ~ a heating mode, Ihe indoor heal-exchanger acts as
zs a condenser, Ihe outdoor heal-exchanger acts as an

evaporator, and the hot air heated by the indoor heat-
exchanger is blown into the passenger compartment;

during a dcfrosting morlc for defrosting thc outdoor
heat-cxchan cr is sct, as refrigerant rlischargcd from

ao the conipressor is divided into two portions, a tirst of
said lwo portions flow into the outdoor heat-exchanger
lo delrost the outdoor heal exchanger, a secoml of Lhe

tivo portions tlows into the indoor heat exchanger, and
the hot air heated by the indoor heat-exchanger is

as bloivn into the passenger compartment
28. The rcfrigcration-cycle rlcvice according to claim 27,

further comprising:
a lirsl heat exchanger for recovering waste heat from

heaung device,
to wherein the rehugerant flowing into said iniloor heat

exchanger extracts ivaste heat from said heating device
through said first heat exchanger during the defrosting
mode.

29. Thc refrigeration-cycle device accorrling to claim 27,
as vvhcrcin:

said compressor includes discharge port which rlischargcs
Ihe compressed refrigerant, mtake port which intakes
lower-pressure-side refngerant, aml gas-injecnon porL
ivhich draws intermediate-pressure-side gas refri er-
ant; and

ivhen in the heating mode, a higher-pressure refrigerant
condensed at sairl condenser is rlcprcssurizcd to inter-
mcdiatc prcssure, thc intcrmediatc-prcssure rcfri crant
extracts waste heal from said heating device through
said first heal exchanger by gasifying the intermediate-
pressure refrigerant, aml the intermeiliate-pressure gas
refrigerant floivs into said as-injection port

30 The refrigeration-cycle device according to claim 29,
„., further comprising:

a second heat exchanger which exchanges heat bctwccn
higher-prcssure refrigerant condensed in said con-
denser and inlermeihale-pressure reingeranl.

31. The refri era«on-cycle device according to claim 3ll,

wherein'aid

first heat exchan er and said second heat exchanger
are integrated as one heat exchanger.
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32. The refingeralion-cycle device according to claim 27,

wherein
rlunng thc heating mode and dcfrosting mode, the lower-

prcssurc-side refrigerant drawn into said coniprcssor
extracts waste heat from sairl heating device with said
lirst heat exchanger.

33. The refingeralion-cycle device according to claim 32,
further comprising

an accumulator which separates gas and liquid refri erant,
thc accumulator being disposed at an inlet side of said 1(i

intake port, wherein liquirl relngeranl containing oil is
mixed with the gas refrigerant and is drawn into said
intake port; and

said flrst heat cxchangcr is disposed at the inlet side of „
sairl accumulator.

34. The refingeralion-cycle device according to claim 27,
wherein

the indoor heat-exchanger includes an upstream-side
inrloor heat-cxchangcr disposed at the air-upstream side .o
within thc air-conditioning duct and a downstream-side
inrloor heat-exchanger disposed at the air-downstrcani
side of the upstream mde imloor heal-exchanger;

an operation mode is changealile betiveen a heating mode,
a cooling mode and a dehmnidifying mode; "S

the ilov:nslream-side iniloor heat-exchanger acts as a
comlenser and the outdoor heat exchanger acts as an
evaporator ilunng the heaung mode, the outrloor heat
exchanger acts as a condenser and the upstream side
indoor heat exchanger acts as an evaporator during the

cooling mode, cool air cooled by the upstream side
indoor heat cxchangcr is heated by thc rlownstrcam sirlc
inrloor heat exchanger during the rlchumidifying morlc;
aml

when thc dcfrostin niode is set, thc second divided
portion flows into lhe upstream side indoor heat
cxchan er anil thc hot air heated by the upstream sirlc
imloor heat exchanger is blown into the passenger
compartment.

35. The refri erahon-cycle device according to claim 34,
further comprising

bypass passage for bypassmg air around said
downstrcani-side indoor heat cxchan cr, bypass pas-
sage bein ~ provided within air-comhtioning duct, and

door for changing the airflow bctwccn said doivnstream-
side iniloor heat exchanger and said bypass passage,

whcrcin thc gas refrigerant rlischargcd from said com-
pressor at all times flows into said outdoor heat-
cxchan cr in one direction through said downstrcam-
side indoor heat exchanger.

36. Thc refrigeration-cycle device accorrling to claim 13,
wherein said heaL-exchanging means is disposed in parallel
with said outdoor heat-exchan er

37. The refri erahon-cycle device according to claim 13,
ivherein said heat-exchanging means is disposed in series
with and downstream of sairl outdoor heat-exchanger.


