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When a dchumidifyin and heating operation is sct in an air
conditioner, refrigerant is circulaterl from a compressor to
the compressor through a first cxtcrior heat cxchangcr, a

ilecompression device, an interior heat exchanger, an
another dccomprcssion dcvicc, an inner heat exchanger and
a seconil extenor heal exchanger, in this order. Further, by
controlling a throttle opening degree of the another decom-
pression device, a refri erant temperature in the inlenor heat
exchanger can be set higher than that in the seconrl exterior
heat exchan er. Thus, cvcn when thc interior heat cxchangcr
is controlled to a temperature to be not frosterl, heat can be
absorbed from outside air in the second exterior heat
exchanger. Accordin ly, when an outsirlc air tcmpcraturc is
low, by scttin thc dehumidifying anti heating operation, air
to be blown into a compartment can bc dchumirlificrl while
sullicienllv increasing heaung capacuy.

14 Claims, 7 Drawing Sheets
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FIG. 2

COOLING
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FIG. 3

HEATING
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FIRST DEHUMIDIFYING AND HEATING
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FIG. 5

SECOND DEHUMIDIFYING AND HEATING
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AIR CONDITIONER WITH
DFHUMIDIFYIN('ND HFATINC

OPERATION

CROSS-REFERENCE TO REI ATED
APPLICATION

This applicauon is related to and clmms pnonty from
.Iapanese Patent Application No 2003-32(i3 filed on Jan. rJ,

2003, the content of ivhich is hereby incorporated by refer-
ence.

FIELD OF THE INVENTION

The present invention relates to an air conditioner with a is
dehumidifying anil heating operation. The air contlitioncr of
the prcscnt invention is ctfcctivcly used for an clcctric
vehicle.

BACKGROUND OF THE INVENTION

In an air cnnditioner discloserl in U.S. Pat No S,S26,6SO
(corresponding to JP-A-8-40056), when a dchumitlifyin
and heating operation is pcrformcd, high prcssure rcfrigcrant
discharged (rom a compressor is circulated into a lirst
interior heat exchanger to heat air to be blown mto a

passenger compartment. Then, relngerant flowing out of the
first interior heat exchanger is decompressed, and the
decompressed refrigerant is circulated into an exterior heat
exchanger and a second intcwor heat exchanger in this order, ic
so that air to bc blown into thc passenger compartment is
cooled aml dehumithlied by the second interior heat
exchanger. In this way, in the dehumidifying aml heahn ~

operahon, air is moled lower than its dew-point temperature
to be dehumidified, and the dehumidified air is heated ss

Howcvcr, if thc dehumidifying and heating operation is
performed when an ouhside air temperature is lower than0'.,

that is, when an air conditioning load (heating load) is
lar e, the following problems occur. In this air condihoner,
refrigerant flowing out of the exterior heat exchanger is ac
decompressed, and the decompressed refrigerant is circu-
latctl into thc second interior heat cxchangcr, so that the
refrigerating capacity of thc second interior hmit cxchangcr
can be obtained. At this ume, a relngerant temperature in the
exterior heat exchanger is higher than that in the serxmd
interior heat exchanger. Further, a relingerant pressure in the
second intenor heat exchanger is required to be contmfled at
a pressure cnrresponding to a temperature (e g, 2—3'')
whcrc thc scconrl intcnor heat cxchangcr is not frosted.
Thus, thc refrigerant prcssure in thc cxtcrior heat cxchangcr o

necessarily bemmes higher than that in the seconil rntewor
heat exchanger

In a case where the outside air temperature is about 0''.,
the rcfrigcrant tempcraturc in thc cxtcrior heat cxchangcr
may bccomc higher than thc outside air mmpcraturc. In this . s
case, the exterior heat exchanger is operated as a radianir.
Accortlingly, when the outside air temperature is low, a heat
absorption amount in the exterior heat exchanger is reduced
due to a decrease of an outside air temperature, and a heat
alxsorliin operation cannot be performed in the exterior heat
exchanger. As a result, air to bc blown into a passen cr
compartment may bc not sufficiently hcatcd.

SUMMARY OF THE INVENTION
ss

In view of the above problem, it is an object of the present
invention to provide an air conditioner capable of dehumidi-

,197 B2

lying air to be blown into a passenger compartment while
sufliciently increasing heating capacity

Accordin to an aspect of thc prcscnt invention, an air
conthtioncr includes a compressor for sucking anil com-
pressing relngerant, a lira( heat exchanger for perlorming
heat exchange between the refrigerant discharged from the
compressor and air to be blown into a compartment, a
decompressinn device for decompressing refrigerant from
the first heat evchanger, a second heat exchanger for per-
forming a heat cxchangc beta ccn thc rcfrigcrant from thc
tlccompression device anil air to bc blown into thc compart-
ment, anil a third heat exchanger for performing a heat
exchange between the refri erant and outsitle air outside the
compartment. In the air comhtioner, a circulauon means is
provided for circulating the refrigerant decompressed in the
decompressinn device into the second heat exchanger anil
the third heat exchanger in this order. Thus, a refrigerant
tcmpcraturc in the second heat cxchangcr can bc sct to bc
higher than a refrigerant temperature in the third heat
exchanger.

Accordingly, even ivhen the second heat exchanger is
controlled at a temperature (e.g., 2—3'') to be not frosted,
heat can bc ctfcctivcly absorbed from outside air in thc third
heat exchanger. Thus, heat absorbctl in thc second and third
heat exchangers is radiated to air to be blown into the
passenger compartment. As a result, even when an ouhside
air temperature is low, that is, even when an air conditioning
load (i.e., heating load) is large, air to be blown intn the
passenger compartment can be dehumidified while heating
capacity can bc suflicicntly incrcasctl.

Accoriling to another aspect of the present invention, an
air contlitioner includes a switching device for switching
between a first circulation state where refrigerant discharged
from the compressor tlows through the first heat exchanger,
the second heat exchan cr and thc third heat cxchangcr in
this ortlcr, and a second circulation state whcrc thc refrig-
erant discharged from the compressor flows through the lirst
heat exchanger, the third heat exchanger anil the semnd heat
exchanger in this order. Further, a lira( decompression device
is provirled for decompressing refrigerant flowing, out nf the
first heat exchanger in the first circulation state, and a secnnrl
tlccompression device is provided for rlccomprcssing rcfrig-
crant flowing out of the third heat cxchangcr in thc second
circulauon state. Thus, in the air condiuoner where one of
the lira( aml secoml circulahon states can be set, the com-
partment such as a passenger compartment of a vehicle can
be sufl'iciently heated while heing dehumidified in the hrst
circulation state.

For cxampkh in the first circulation state, refrigerant
flowing out of. the second heat exchanger is decompressed
by the second decompression device, and is introduced mto
the third heat exchanger to alxsorh heat from outside air in
the third heat exchanger liurther, in the second circulation
state, the first decompression device decompresses refriger-
ant flowing from thc first heat cxchangcr so as to adjust a
heat amount radiated in thc first heat cxchangcr.

The first heat exchanger can be disposed to indirectly
perform the heat evchange hetiveen refrigerant and air to he
blown into the compartment, through a medium. Alterna-
tively, the first heat cxchangcr and thc second heat
exchanger arc disposed in an air conrlitioning case, to
ihrectly perform the heat exchange between refngerant and
air to be blown into the compartment. In this case, for
example, the lirst heat exchanger is ihsposed in the air
conditioning case at a doivnstream air side of the second heat
exchanger
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Accorihng to a Iurlher another aspect of lhe present
invention, in the first circulation state, refrigerant discharged
from the compressor flows through the hrst heat exchanger,
the second heat exchanger anil the third heat exchanger, m
this order. Further, in thc second circulations state, the
refrigerant discharged from thc compressor is supplied to the
lirst heat exchanger and lhe third heal exchanger while the
lirst heal exchanger and the third heal exchanger are rxm-
nected in series with respect to a refrigerant flow, and the
refrigerant after passing thrnugh the first heat exchanger and
the third heat exchanger is decompresserl and then is circu-
latcrl into the scconrl heat exchanger. Thus, cvcn when the
heating load is large when thc outside air tcmpcralurc is low,
the compartment can be sulhciently dehumidified while the
healing capacity lor heaung the compartment can be sutfi-
ciently increased in the air conrlitioner where one of the hrst
and second circulation states can be set

BRIEF DESCRIPTION OF THE DRAWINGS

Additional oblects and advantages of the present inven-
tion ivill be more readily apparent from the following
detailed description of prcfi:rrcrl embodiments when taken
to cthcr with thc accompanying drawings, in which

FIG. 1A is a schematic diagram showmg an air cond&-

uoner with a vapor-compression refri erant cycle accordin ~

to a lirst embodiment of the present invenuon, anil HG. IB
is a block diagram showing a control unit of the air cond&-

tioner;
FIG. 2 is a schematic diagram showing a cooling opera-

tion of thc air conditioner according to thc first cmborlimcnt,
FIG. 3 is a schemauc diagram showing a heatm ~ opera-

uon of lhe air condiuoner according io lhe lira( embodiment,
FIG. 4 is a schematic diagram showing a lirst dehumidi-

fying and heating operation nf the air conrlitioner according
to the hrst embodiment;

FIG. 5 is a schematic diagram showing a second dehu-
midifying and heating operation of thc air conditioner
accordmg lo the lirst embodiment,

FIG. 6A is a p-h diagram (Mollier diagram) in the lirst
dehumidiTying and heating operation, and FIG. 68 ts a p-h
diagram in the second dehumidifying anil heating operation,
and

FIG. 7 is a schematic diagram showing an air conditioner
with a vapor-compression refrigerant cycle according to a
second cmbodimcnt of thc prcscnt invention.

DL''AII.L'D DLS('RIP'11ON OI'1 IL'RESENTLYPREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described hereinafter with reference tn the appended draw-
in s.

(First Embodiment)
The first embodiment of the present invention will be now

dcscribcd with rcfcrcncc to FIGS. 1A—6B. In thc hrst
cmbodimcnt, a vapor-compression rcfrigcrant cycle of the
present invention is typically apphed to an ur condiuoner
for an electric vehicle. In lhe vapor-compression refngeranl
cycle, carbon dioxide is used as relngerant.

In thc ckctric vchiclc, a fuel cell (FC stack) 20 shown in
FIG. IA gcncratcs ckctric power by using a chemical
reacuon between oxy en and hydrogen, and lhe generated
electric power is supphed to an elecinc motor (nol shown)
for running lhe electnc vehicle. In FIG. IA, a radiator 21 is
a heat exchanger that cools cooling water for heating or
cooling the fuel cell 20 by performing a heat exchange

between the cooing water and ou(stile air. A pump 22 is an
electric pump for pumping and circulating the cooling, water
in a cooling water circuit

A compressor I sucks and compresses refrigerant ln this
cmbodimcnt, an invcrter-control clcctric compressor is
adopted as thc compressor I. A first cxtcrior heat cxchangcr
2 is disposed lo perlorm a heal exchange between rel nge rant
ihscharged from the compressor I and cooling waler lo be
supplied from the fuel cefl 20 to a heater 12 described later

iii A second exterior heat exchanger 3 is disposed to perfnnn a
heat exchange between refrigerant and outside air ln I'IG
IA, a flow of refri crant is paralkl with a flow of coolin
water in thc same flow direction, in thc first exterior heat
exchanger 2. However, actually, in the lirst extenor heat

is exchanger 2, the flow ihrecuon of the refngerani is set
opposite to the flow direction of the cooling water, thereby
improving a heat exchange capacity of the first exterior heat
exchanger 2

An interior heat exchan cr 4 is disposcrl to perform a heat
zo exchange between rcfri erant and air to bc blov n into thc

passenger compartment, and an inner heat exchanger 5 is
ihsposed to perform a heat exchange between low-pressure
refrigerant to be sucked into the compressor I anil high-
pressure refrigerant before heing decompressed

A switching valve 6 is disposed to switch between a hrst
circulation where high-prcssure refrigerant licforc being
rlccompresscd flows towarrl thc second cxtcrior heat
exchanger 3, and a seconrl circulauon where lhe high-
pressure refrigerant before being decompressed flows

iii toward the interior heat exchanger 4.
I.ach of first and second decompression devices 7, 0

continuously changes its throttle open degree from an entire
open state whcrc a prcssure loss is substantially not gcncr-
atcd anil a prcdetcrmincd open state whcrc rcfrigcrant is

zs ilecompressed and expaniled to a predetermineil degree.
Each throlfle open de ree of the Iirst and secoml decom-
pression devices 7, g is conuolled by an electronic control
umt (L'CU) 100

I'he LCU 100 inputs detection values of a discharge
ao refrigerant temperature sensor 9n, a rlischargc refrigerant

prcssure sensor 9b, a first cxtcrior rcfrigcrant tcmpcraturc
sensor 9c, a secoml exlenor refrigerant temperature sensor
9d, an inlenor refngerant pressure sensor 9c, an inlenor
refngerant temperature sensor 9f, a water temperature sensor
9„an nutside air temperature sensor 9lt, an outside humidity
sensor 9j, an inside air temperature sensor 9k, a sunlight
sensor 9m, an inside humidity sensor 9n and an interior air
tcmpcraturc sensor 9p. Thi, discharge rcfrigcrant tcmpcra-
ture semor 9u detects a temperature of refrigerant dis-

c charged from lhe compressor I, and lhe discharge relngerant
pressure sensor 9b detects a pressure of lhe discharged
refrigerant from the compressor 1. 'I'he first extenor refrig-
erant temperature sensor 9c detects a temperature of refrig-
erant floiving out of thc first cxtcrior heat cxchangcr 2, and

. s the second exterior rcfrigcrant tcmpcraturc sensor 9d dctccts
a temperature of refn erant flowing out of the second
exterior heat exchanger 3. The intenor refngeranl pressure
sensor 9e detects a pressure of relngeranl flowing out of the
interinr heat exchanger 4, and the interior refrigerant tem-

aii perature sensor 9f detects a temperature of the refrigerant
flowing out of thc interior heat cxchangcr 4. Thc water
tcmpcraturc sensor 9g dctccts a tcmpcraturc of cooling water
flowing into the first exterior heat exchanger 2, and the
ouLside air temperature sensor 9/i detecLs a temperature of

as ouLside air oulmde the passenger compartment. The ouLside
humirlity sensor 9j detects a relative humidity of outside air,
and the inside air temperature sensor 9k detects a tempera-
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ture of inside air of Lhe passenger compartment. The sunlight
sensor 9m detects an amount of sunlight radiated into the
passenger compartment, anil the inside humidity sensor 9n
detects a relative humidity of inside air of the passenger
compartment. Thc interior air tcmpcraturc sensor 9p detects
a tcmpcraturc of air immccliatcly after passing through the
interior heat exchanger 4.

An accumulator 10 separates refngerant mto gas refng-
erant and liquirl refngerant, anil stores the separated liquid
refrigerant as excess refrigerant I urther, the gas refrigerant
separated in the accumulator 10 is supplied to a suction side
of thc compressor l.

On thc other hancl, an air conditioning case 11 has thcrcin
an air passage through which air Ilows into the passenger
compartment. Further, the air conditioning case 11 contains
the interior heat exchanger 4 anil the heater 12 downstream
of the interior heat exchanger 4 'I'he heater 12 heats air to
be bloivn into the passenger compartment by using the
cooling water of thc fuel cell 20 as a heat source. In thc hrst
cmbodimcnt, a first heat exchanger of thc prcscnt invention
is constructed with Lhe heater 12 and the Iirst extenor heat
exchanger 2. A heat exchange between relngerant and air to
be blown into the passenger compartment is indirectly
performed in the first exterior heat exchanger 2 and the
heater 12, through cooling water I'urther, a second heat
exchanger m thc prcscnt invention corresponds Io thc inte-
rior heat cxchangcr 4, and a third heat cxchangcr in the
present mvenuon correspomls Lo Lhe second extenor heat
exchanger 3

The air conditioning case 11 inclurles an inside-outside air
selecting unit 14 at its most upstream side The inside-
outside air selecting unit 14 arljusts an inside air amount and
an outside air amount to lic introduced into thc air conCh-
tioning case ll. A blower 15 is disposed to blow the
introduceil air into the passenger compariment. Further, the
air comhtioning case 11 has air outleLs anil an atr-outlet
mode switching uniL (not shown) at its most ilownstream
side. ('onditioned air is blown from the air outlets mto the
passenger compartment, and the air outlets are selectively
opcncd aml closccl by thc air-outlet mode switching unit

Air blown by thc blower 15 passes throu h thc intenor
heal exchanger 4. Therealter, a part of air after passin ~

through Lhe interior heat exchanger 4 passes through the
healer 12, and Lhe other part of air after passmg through the
interior heat exchanger 4 bypasses the heater 12 A ratio
betiveen an air amount passing through the heater 12 and an
air amount bypassing thc hcatcr 12 is adjusted by an air
mixing door 13, so that a tcmpcraturc of conditioned air to
be blown into the passenger compartment can be ailjusted.
A rotational speed of the compressor I, the ur mixing ikior
13, Lhe inside-ou(side air selecung unu 14, Lhe blower 15 aml
the air outlet mode switching unit are controlled by the E('U
100 In the LCU 100, a target air temperature 'I'AO to be
blown into thc passcngcr compartment is calculated basccl
on thc dctcction values of thc outside air tcmpcraturc sensor
9h, the inside air temperature sensor 9k and the sunlight
sensor 9m, a set temperature set by a passen er. Then the
ECU 100 can perlorm various controls by usin ~ the calcu-
lated target air temperature TAO.

Next, operation of the air conditioner acnirding to the hrst
cmbodimcnt will bc clcscribcd.

1. Cooling Operation (FIG 2)
W'hen the target air temperature TAO is equal to or lower

than a predetermined low temperature, the coolm ~ operation
shown in FIG. 2 is performed. When the cooling operahon
is set, a core surface of the heater 12 is closed by the air
mixin door 13, so that a warm air amount to be blown from

the heater 12 into the passenger compartment is set at zero.
In this state, refrigerant is circulated from the compressor I
to the compressor I through the first extenor heat exchanger
2, the second decompression device 8, the switching valve
6, the second cxtcrior heat cxchangcr 3, thc inner heat
exchanger 5, the first dccomprcssion dcvicc 7, thc interior
heat exchanger 4, Lhe accumulator 10 and the inner heat
exchanger 5, in Ibis order.

At Ibis Lime, Ihe throule open degree of the second
i it decompression device 8 is entirely opened so that refrigerant

is not decompressed by the second decompression device 8
Further, thc throttle open dcgrcc of thc first decompression
clcvicc 7 is controlled so that a refrigerant prcssure dctcctcd
by thc discharge refrigerant prcssure sensor 9b bccomcs a
target high pressure PU that Ls determined based on the
tie(ection value of the secoml extenor refngerant tempera-
ture sensor 9d In this way, in the vapor-compression refrig-
erant cycle, refrigerant in the intenor heat exchanger 4
absorbs heat from air to bc blown into thc passcngcr

zc compartment, and thc absorbed heat of rcfrigcrant is radiated
in the first and secoml exterior heat cxchangcrs 2, 3.

A part of. heat absorbed in the intenor heat exchanger 4 is
radiateil in the Iirst exterior heat exchanger 2. In Lhe cooling
operation, the core surface of the heater 12 is closed by the
air mixing door 13 Therefore, this heat radiated in the tirst
exterior heat exchanger 2 is not radiated into air to be blown
into thc passcngcr compartment, and is radiated to thc
radiator 21. The tar et high prcssure PO is a prcssure whcrc
a perfiirmance of. coefficient (COP) of Ihe vapor-compres-
siiin refngerant cvcle becomes substannally maximum. Fur-
ther, Ihe target high pressure PO is changed in accordance
with heat radiation performance at a high pressure side
Therefore, in the cooling operation, the target high pressure
PO is dctcrmincd based on a tcmpcraturc rlctcctcd by thc

-'econd cxtcrior rcfrigcrant tcmpcraturc sensor 9d
In the cooling operation, thc rotational spccd of thc

compressor 1 is controlled, so that the temperature detected
by the intenor air temperature sensor 9p becomes the target
air temperature 'I'AO.

ac
2 Ileating Operation (I IG 3)
Thc heating operation is pcrformcrl when thc target air

tcmpcraturc TAO is equal to or higher than a prcclctcrmincd
high Iemperauire. In the hexing operation, a bypass passage,
through which air bypasses Lhe heater 12, is closed by the air
mixing door 13 In this state, refrigerant is circulated from
the compressor I to the compressor I through the hrst
exterior heat exchanger 2, the second decompression rlevice
8, thc syvitchin valve 6, thc interior heat cxchangcr 4, thc

sc first dccomprcssion device 7, thc inner heat cxchangcr 5, thc
secoiul exterior heat exchanger 3, the switching valve 6 and
the accumulator 1U, in Ibis order.

In the heating operation, the throttle open degree of the
second decompression dcvicc 8 is entirely opcncrl so that

.s refrigerant is not dccomprcsscd by thc second clccomprcs-
siiin device 8. Further, the throttle open degree of Lhe Iirst
ilecompression device 7 is controlled so that the relngerant
pressure de(ac(ail by Ihe intenor refngerant pressure sensor
9e becomes a target high pressure Pl that is determinerl

aii based on the detection value of the interior refrigerant
tcmpcraturc sensor 9f. In this way, rcfrigcrant absorbs heat
from outside air to bc evaporated in thc scconcl cxtcrior heat
exchanger 3, aml the absorbed heat of the evaporated
refngerant is radiated in the Iirst extenor heat exchanger 2

es anil the intenor heal exchanger 4. Thus, air Lo be blown mto
the passenger compartment is heated by the interior heat
exchanger 4 and the heater 12.
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Further, coohn ~ water (hot water), to be supplred to the
heater 12, is heated hy the fuel cell 20 and the hrst extemor
heat exchanger 2 Therefore, a temperature of coolmg water
to be supplierl to the heater 12 is determined based on
heating capacity of thc first cxtcrior heat cxchan cr 2.
Therefore, in thc tirst cmborhmcnt, thc rotational spccrl of
the compressor 1 is controlled so that the temperature of
cooling water to be supphed to the heater 12 is set at a target
water temperature I'WO

The target air temperature TAO is multiplied by a heat-
exchange etyiciency Y in the heater 12, so that the target
water tcmperaturc TWO (i.c., TWO=TAOxY) can bc cal-
culated. Spccitically, a change value Af of thc rotational
speed of the compressor 1 is determined by using a fuzzy
theory based on a temperature dilference between the target is
water temperature 'I'WO and a water temperature detected
by the ivater temperature sensor 9g, and a change rate of this
temperature difference

In thc heating operation, rcfrigcrant afmr bein dccom-
prcssed fiows into both of rcfrigcrant passa cs of thc inner zo

heat exchanger 5, at the side of the compressor 1 and the side
of the lirst decompression device 7. Therelore, a heat
exchange is substantially not perfnnned in the inner heat
exchanger 5 When the temperature difference between the
target ivater temperature TWO anil the water temperature
dctccted by thc water tcmpcraturc sensor 9g is equal to or
lower than a prcdctcrmincrl tcmpcraturc, or when thc water
temperature detected by the water temperature sensor 9g is
equal to or higher than the target water temperature TWO,
the operation of the compressor I is stnpped, anil additional
heating operation due to the vapnr-cnmpression refngerant
cycle is stopped In this case, cooling water flowing into the
hcatcr 12 is not hcatcd by thc vapor-compression rcfrigcrant
cycle.

3. First Dehumidifying aml Heating Operation (FIG. 4) ss
The lirst dehumidifying and heating operatron is per-

formed when an air comhuoning load (i.e., heating load) is
relatively small, that is, when the outside air temperature
detected hy the outside air temperature sensor 90 is equal to
or higher than a prcrlctcrmincrl outside tcmpcraturc (c ., ao

20'.), aml when thc target air tcmpcraturc TAO is equal to
or hi her than a predetermined target temperature. In this
Iirst dehumidiTyin ~ and heating operation, refn erant is
circulateil in the same relngerant path as in the coolin ~

operation ivhile the bypass passage is closed hv the air
mixin door 13 Specifically, refrigerant is circulated from
the compressor 1 to thc compressor 1 through the hrst
cxtcrior heat cxchangcr 2, thc second dccomprcssion device
8, the switchin valve 6, the second exterior heat exchanger
3, the inner heat exchanger 5, the lirst decompression device o

7, the interior heat exchanger 4, the switching valve 6 aml
the accumulator 10, in this order

At this time, the throttle open degree of the second
decompression dcvicc 8 is adjusted, thereby adjustin a heat
radiation amount in thc second exterior heat cxchangcr 3, .s
that is, a heat radiauon amount in the heater 12. The throule
open degree of the lirst decompression device 7 is aillusted,
thereby adjusung a refngerant temperature in the rntewor
heat exchanger 4, and adjusting a cooling-dehumidifying
value in the intenor heat exchanger 4 The compressor I is
controlled in the same manner as in thc contin operation. In
this way, air to bc blown into thc passcngcr compartment can
be cooled and dehumirhtied by evaporaung refngerant in the
interior heat exchanger 4, anil can be indirectly heated
through the coohng water in the lirst exterior heat exchanger os

2 Therefore, air cooled anti dehumirlitied hy the interior heat
exchanger 4 is heated in the heater 12 by using the cooling

water heated in the lirst extenor heat exchanger 2. Thus, air
to be blown into the passen er compartment can be heaterl
while heing dehumiditied

4 Second Dehumidifying and I teating Operation (I 1G 5)
Thc second dehumidifying and heating operation is pcr-

formcd when thc air conditioning load (i.c., heating load) is
relativelv large, that is, when the outsirle air temperature
iletected by the outside air temperature sensor 9h is lower
than the predetermined outside temperature (e g, 20'),
and when the target air temperature TAO is equal to or
higher than the predetermined target temperature itefriger-
ant is circulated in the same rcfrigcrant path as in thc hcatin
operation white the bypass passage is closcrl by thc air
mixing door 13. Specilically, refrigerant is circulated from
the compressor 1 to the compressor 1 through the lirst
exterinr heat exchanger 2, the second decompression rlevice
8, the switching valve 6, the interior heat exchanger 4, the
first decompression device 7, the mner heat exchanger 5, the
second cxtcrior heat cxchangcr 3, the switching valve 6 and
the accumulator 10, in this orrlcr.

At this time, the throule open degree of the second
ilecompression device 8 is adlusted, thereby mljusung a

refrigerant temperature in the interior heat exchanger 4, anil
adlusting the cooling-dehumidifymg value in the interior
heat exchanger 4 'I'he throttle open degree of the hrst
rlccompression dcvicc 7 is adjusted, thcrcby adjusting a heat
absorption value in thc second cxtcrior heat cxchangcr 3.
The throttle opening degree of the lirst decompression
ilevme 7 is controlled by the ECU 100 such that a relngerant
temperature in the interior heat exchanger 4 becomes higher
than a refrigerant temperature in the second exterior heat
exchanger 3

Thc compressor 1 is controlled in thc same manner as in
the heating operation. In this way, air to bc blown into thc
passenger compartment can be cooled and dehumiditied by
evaporating refnge rant m the mterior heat exchanger 4 while
being inilirectly heated in the heater 12 by using cooling
water from the first exterior heat exchanger 2 Therefore, air
cooled and dehumidified hy the interior heat exchanger 4 is
hcatcd by thc heater 12, so that air can bc hcatcd while bein
rlchumidificd.

5 Atr Mixing Operation
In this embodiment, originally, the temperature of air to be

blown into the passenger compartment is mljusted by adlust-
ing the throttle open degrees of the decompression devices
7, 8 while the core surface of the heater 12 is entirely cinsect
or opcncd. However, for cxamplc, in a transition period
rhrcctly after being switched from thc cooling operation to
the heating operation, the open degree of the air mixing door
13 is adlusted, thereby adlusting the temperature of air to be
blown into the passenger compartment Specilically, when
the target air temperature 'I'AO rapidly changes, the open
degree nf the air mixing door 13 is adjusted haserl on a ratio
(TAO-TE)r(TAG—TE). Herc, TE is thc air tcmpcraturc
rlctccted by thc interior air tcmpcraturc sensor 9p, and TAG
is a temperature ol air directly after passing through the
heater 12.

Next, advantages of the air condiuoner in the lirst embodi-
ment will he descrified. I I(h 6A is a p-h diagram (Mollier
diagram) in the lirst dehumidifying and heating, operation,
and FIG. 6B is a p-h dia ram in thc scconrl dchumidifyin
and hcatin operation. In thc first dchumirlifying anil hcatin
operation, refingerant pressure in the interior heat exchanger
4 becomes lowest in the vapor compression relngerant
cycle. On the other hami, m the second dehumidifying and
heating operation, the refrigerant pressure in the interior heat
exchanger 4 becomes higher than the refrigerant pressure in
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the second exterior heat exchanger 3. Therefore, in the
second dehumidifying anti heating operation, thc rcfrigcrant
temperature in the intenor heat exchanger 4 can be set hi her
than the refrigerant temperature in the second exterior heat
exchanger 3. Accordingly, even when the mtenor heat
exchanger 4 is controlled in a refngerant temperature range
(e, 2—3'.) in which the intenor heal exchanger 4 is not
frosted, heat can be absorbed from outside air in the seomd
exterior heat exchanger 3 As a result, heat absorbed in lioth
of thc second exterior heat exchanger 3 and thc interior heat
exchanger 4 is rarliatcrl to thc first exterior heat cxchan er 2,
that is, to air to be blown from the heater 12 into the
passenger compartment.

On the other hand, in the first dehumirlifying and heating
operation, thc refrigerant prcssure in thc interior heat
exchanger 4 bccomcs lowest, the rcfri crant tcmpcraturc in
the scconrl cxtcrior heat cxchangcr 3 becomes higher than
the refrigerant temperature in Ihe intenor heat exchanger 4,
as in the above related art ihsclosed m U.S. Pat. No.
S,S2(i,(xSO. 'I'herefore, in this case, when the outside air
temperature is around O'', the refrigerant temperature m
the second exterior heat exchanger 3 becomes higher than
the outside air tcmpcraturc. As a result, thc second cxteoor
heat cxchangcr 3 operates as a radiator, but is not used as a
heal absorber.

As described above, in the first embodiment, when the
outside air temperature is low, that is, when an air cond&-

tioning load (i.c, heating load) is large, thc second dehu-
midifying and heating operation is sct. In this case, air to be
blown into Ihe passen er compartment can be dehumidified
while heating capacity can be sutliciently mcreased. On the
other hand, when the outside air temperature is relatively
high, that is, when the air conditinning load (i e., heating
load) is low, the first dehumirlifying and heating operation is
sct. In this way, air to bc blown into the passcngcr compart-
ment can tie dchumirlificrl while heating capacity can be
suthciently increased.

(Second Embodiment)
In thc above-dcscribcrl first embodiment, heat of high-

tcmpcraturc rcfrigcrant rlischargcd from thc compressor 1 is
supphed to cooing water fiowing into Ihe heater 12, rn the
lirst exterior heat exchanger 2. In this way, the heat is
indirectly supplied to air to be blown into the passen er
compartment. Ilowever, in the secnnrl embodiment, as
shoivn in I'IO 7, the heat of the high-temperature refngerant
discharged from thc compressor 1 is directly supplicrl io air
to bc blown into thc passcngcr compartment, without
through a meihum such as cooling water. Accordm ly, when
the second dehumiditying and heating operauon is set,
refngerant discharged from the compressor I fiows into the
heater 12 (heat exchanger 2) disposed in the air conditioning
case 11 Therefore, air passing, thrnugh the heater 2 can be
directly heated by thc high-tcmpcraturc rcfrigcrant dis-
charged from thc compressor 1. Refrigerant floiving from
the heater 12 (heat exchanger 2) is decompressed in the
seconil decompression device 8, and the decompressed
refngerant llows into Ihe interior heat exchanger 4. There-
fore, air passing through the interior heat exchanger 4 is
cooled and dehumidified. I'hen, refrigerant from the mtemor
heat exchanger 4 is rlccomprcsscd in thc first dccomprcssion
dcvicc 7, and is introrluccd into thc cxtcrior heat cxchangcr
3. Similarly to the above-described Iirst emboihment, the
throule opening degree of Ihe Iirst decompression devrce 7
is adtusteil so that the refngerant temperature in the rntewor
heat exchanger 4 becomes higher than the refrigerant tem-
perature in the exterior heat exchanger 3

Accorilingly, even when the intenor heat exchanger 4 is
controlled in a refrigerant temperature range (e 8,, 2—3': )
in which the interior heat exchanger 4 is not frosted, heat can
he absorbed from outside air in the exterior heat exchanger
3. As a result, heat absorbed in both of thc cxtcrior heat
exchanger 3 and the interior heat exchanger 4 is rarliamd to
the heater 12 (heat exchanger 2). Thus, air can be el(actively
heated in the heater 12, while being dehumidified in the
interinr heat exchanger.

iii In the second embodiment, the other parts are similar to
those nf the above-described first embodiment, anil arlvan-
ta cs dcscrilied in thc first cmbodimcnt can bc olitaincd.

(Other Embodiments)
Although Ihe present invenuon has been tully descnbed in

is connection with the preferred embodiments thereof with
reference to the accompanying draivmgs, it is to be noterl
that various changes and modifications will become appar-
ent to those skilled in the art.

For example, in thc above-described cmbodimcnts, car-
in bon rlioxidc is used as refrigerant, and refrigerant prcssure

ihscharged from the compressor 1 is set higher than the
cntical pressure of. refrigerant, thereby ensuring rettutred air
conditioning performance Ilowever, in the present inven-
tion, for example, other fluid such as freon can be used as the
refrigerant, and the refrigerant pressure dischargerl from the
compressor I can bc sct lower than thc critical prcssure of
refrigerant.

In Ihe above-described embodiments, the first dehumidi-
tying aml heating operation and the second dehumidifying

iii and heating operation are provided, that is, a first circulation
state and a second circulation state in the present invention
are provided I lowever, the vapnr-compression refrigerant
cycle can bc sct to have at least thc scconrl dchumidifyin
and heating operation.

zs In the lira( dehumidifyin ~ and heaung operauon according
to Ihe above embodiments, refrigerant flowing into the
secoml exterior heat exchanger 3 is decompressed by the
second rlecompression device 8. Ilowever, in some range of
the air cnnditioning load, the refrigerant may he not decom-

so prcsserl by thc second dccomprcssion dcvicc 8. In thc second
rlchumidifying and heating operation accorrling to thc above
embodiments, refngerant tlowing into the second extenor
heat exchanger 3 is decompressed. However, in some ran e
of Ihe air conditionm ~ load, the refngerant may be not
decompressed hy the first decompression device 7 I'urther,
the inner heat exchanger 5 may be elimmated

Such chan cs and modifications arc to bc understood as
being within the scope of thc prcscnt invention as rlcfincd by
the appended claims.

n What is claimed is.
I An air conditioner compnsing
a compressor for sucking and compressing refrigerant;
a lirst heat exchanger for performing heat exchange

bctwccn thc rcfrigcrant discharged from thc compres-
.s sor and air to bc blown into a compartment,

a decompresinon device for decompressing retngerant
from the first heat exchanger;

a secoml heal exchan er for pertorming a heat exchan e
between the refrigerant from the decompression rlevice
and air to he hloivn into Ihe compartment;

a third heat cxchangcr for performing a heat exchange
bctwccn the refrigerant and outsirlc air outside thc
compartment, and

a circulation means for circulaung the refngerant decom-
es premed in the decompression device into the second

heat exchanger and the third heat exchanger, in this
order
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2. The air contluioner accordin ~ to claim 1, wherein the
first heat exchanger is disposed to indirectly perform the
heat exchange between refrigerant and air to be blown into
the compartment, through a medium

3. Thc air contlitioncr according to claim 1, further
comprising

an air comhtiomng case lor defining an air passage
through which air flows into the passen er compart-
ment,

ivherein the first heat exchanger and the second heat
exchanger are disposed in the air conditioning case to
directly perform thc heat cxchangc bctwccn rcfrigcrant
and air to bc blown into thc compartment.

4. The air contluioner accordin ~ to claim 3, wherein the
lirst heat exchanger is disposed in the air umthtioning case is
at a doivnstream air side of the secnnrl heat exchanger

5 'I he air conrhtioner according to claim I, further
comprising

an air adjusting mcmbcr for adjustin an amount of air
passing through thc first heat exchanger, Lo bc blown zo

into the passen er compartment.
6. The air condiuoner according to claim 1, wherein

carbon dioxide is used as refrigerant.
7 The air conditioner according to claim I, wherein,
a refrigerant pressure discharged from the compressor

bccomcs equal to or higher than a critical prcssure of
thc rcfrigcrant, in a super-critical operation mode.

8. An air comhtioner, compnsing.
a compressor lor sucking aml compressing refrigerant;
first and second heat exchangers fnr perfomiing a heat

exchange between refrigerant and air to be blown into
a compartment;

a third heat exchanger for performing a heat exchange
bctwccn rcfrigcrant and outside air;

a switching device for switching between a lirst circula- ss
tron state where refngerant discharged from the com-
pressor flows through the first heat exchanger, the
second heat exchanger and the third heat exchanger m
this order, and a seconrl circulation state ivhere the
rcfrigcrant rlischargctl from thc compressor flows ao

through thc first heat exchanger, thc third heat
exchanger and the second heat exchanger in this ortler,

a lirst decompression device for decompresiung refriger-
anL flowing out of the lirst heal exchanger in the lirst
circulation state; and a.

a second decompression device for rlecompressing refiug-
crant flowing out of thc third heat cxchangcr in the
second circulation state.

9. The air conthuoner according to claim 8, wherern,
in the Iirst circulauon state, relngerant flowm ~ out of the o

second heat exchanger is tlecompressed by the seumd
decompression device, and is introduced into the third
heat exchanger to absorb heat frnm outside air in the
third heat exchanger.

10. Thc air conditioner according to claim 8, whcrcin, .s
in the secoml circulation state, the first decompression

device decompresses relngerant flowing from the lirst
heat exchanger so as to adtust a heat amount ratlrated in
the first heat exchanger.

11. The air comhuoner according to claim 8, wherein the
first heat exchanger is disposed to indirectly perfnnn the
heat exchange betiveen refri erant and air to be blnwn into
the compartment, through a medium

12. I'he air conditioner according to claim 8, further
comprising

an air conditioning case for defining an air passa e
through which air tlmvs into the passenger compart-
ment,

wherein the first heat exchanger and the second heat
exchanger are disposed in the air conditioning case to
directly perform the heat exchange between refrigerant
and air to bc blown into thc compartment.

13. An air conditioner comprising
a compressor for sucking aml compressing relngerant,
Iirst anil seconrl heat exchangers for performing a heat

exchange between refrigerant aml air to be blown mto
a compartment;

a thirtl heat exchanger for performing a heat exchan e
between relngerant aml outsitle air, aml

a switching device for setting onc of a first circulation
state and a secoml circulation state, wherein.

in thc first circulation state, refrigerant discharged from
the compressor flows through the first heat exchanger,
the secoml heat exchanger and the third heat exchanger,
in this order; and

in the second circulauons state, Lhe refngerant discharged
from the compressor is supplied to the lirst heat
exchanger and the third heat exchanger while the hrst
heat exchanger and the third heat exchanger are cnn-
nected in series with respect to a refrigerant flow, anti
thc refri orant after passing through thc first heat
cxchangcr and thc third heat cxchangcr is decom-
pressed aml is circulated into the second heat
exchanger.

14. An air conditioner comprising:
a compressor for sucking aml compressing refrigerant;
a Iirst heat exchanger for performing heat exchange

between refrigerant discharged from the compressor
and air to bc blown into a compartment;

a first decompression device for decompressing refriger-
ant flowing from the first heat exchanger,

a second heat exchan er for performing heat exchange
between refrigerant from the first decompression
tlcvicc and air to bc blown into thc compartment;

a second decompression device for decompressing, refrig-
erant frnm the second heat exchanger;

a thirtl heat exchanger for performing a heat exchan e
between refrigerant from the second decompression
device and outside air outside the compartment; and

a control unit for controlling a throttk opening degree of
thc second dccomprcssion dcvicc such that a refrigerant
tcmpcrature in the second heat cxchangcr becomes
higher than a relwgerant temperature in the third heat
exchanger.


