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In a vehicle air conditioner having a refrigerant cycle using
carbon dioxide as refrigerant, a displaccmcnt of a compres-
sor is changed and controlled, so that an air tcmperaturc
tmmedtately after passing through an evaporator becomes
approx)mately O'., and tl can prevent a refrigerant amount
dischar ed from the compressor from being larger than a
predetermined flo&v amount. Ilecause the refrigerant amount
discharged from the compressor is controlled to be not larger
than thc prcdctern&inc(1 flow amount, it can prcvcnt a high-
prcssurc side rcfri crant prcssure anti a high-pressure side
refmgerant temperature lrom betng excesstvely tncreased in
lhe refrigerant cycle.

21 Claims, 11 Drawing Sheets
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VEHICLE AIR CONDITIONER WITH
REFRIGERANT FLOW-AMOUNT CONTROL

Olr COMPRESSOR

CROSS-REFERENCE TO RELATED
AVVI.I('A11ON

This application is rc lated to Japanese Patent Applications
No 2000-257524 filed on Aug. 28, 2000, No. 2001-1 20159
Iiled on Apr. 18, 2001, aml No. 2001-137825 liled on May
8, 2001, the contents of which are herebv incorporated by
reference

BACK(3ROUND OI'IIE INVL'N 11ON
is

1. Field of the Invention
The present invenhon relales Io a vapor-compression

refngerani cycle in which a refrigerant pressure dischargecl
from a compressor becomes equal to or larger than critical
pressure of refrigerant More particularly, the present inven- n

tion rclatcs to a maximum flow-amount control of refriger-
ant discharged from thc compressor, and is suitably used for
a vehicle air conditioner.

2 Description ot'elated ))ot

A compressor of a vehicle air conditioner is generally
opcratcd by driving force of a vehicle en inc. Therefore, it
is difficult to control a rotation speed of a compressor (i.e.,
a flow amount of. refrigerant discharged from ihe
compressor).

lo
For example, in JP-A-58-105821, a varial&ic-displacenicnt

'

compressor, in which a theoretical fiow amount of refriger-
ant clischarged from the compressor is varuible, is used, encl
the theoretical fiow amount discharged from the compressor
is controlled in accordance with an engine roiauon speecf or
a rotation speed of the compressor.

Howcvcr, in a vapor-compression refrigerant cycle where
a high-prcssure side refrigerant pressure becomes equal to or
higher than the crtitcaf pressure of refngerani, the high-
pressure side refrigerant pressure is high. For example, when
carbon dioxide is used as refrigerant, the high-pressure side
refngerant pressure is IS Mpa. Accordingly, when the
engme rotation speed increases, a consumed power of the
compressor bccomcs larger, as con&pared ivith a vapor-
comprcssion rcfrigcrant cycle using flon as rcfri erant.
Therefore, an engine loail becomes hirger, and travelling
performance (e g., acceleration performance) of. ihe vehicle.
is deteriorated In addition, ivhen the engine rotation speed
increases, the temperature of refrigerant discharged from the
compressor becomes higher, and a them)sf damage of the si)
compressor or a rubber member may bc caused.

SUMMARY OF THE INVEN11ON

In vtew of. the foregoing problems, it is an obiect of Ihe
present invention Io provule a refngerani cycle for a vehicle
air conditioner, which prevents a consumed poiver of a
compressor from heing excessively increased

According to the present invention, in a rehugerani cycle.
for a vehicle air conditioner, a compressor is operated by
power from an engine, and the compressor is disposed to 8)
suck and compress refrigerant so that refrigerant discharged
from thc compressor has a prcssure equal to or hi her than
cntical pressure of reingerani. In Ihe reiiugerant cycle, a
control unit is ilisposed to prevent a fiow amount of. refrig-
erant discharged from Ihe compressor from becoming larger ss
than a predetermined value lfecause the flow amount of
refngerant discharged from the compressor is made not

larger than the predetermined value, it can prevent a high-
pressure side refrigerant pressure and a hi h-pressure side
refrigerant temperature from being excessively increased
)vith an increase of a rotation speed of the engine
Accordin ly, thc rcfri crant cycle opcratcs while preventin
a consuniccl posvcr of thc compressor from being exces-
sively increased, and it can prevent the compressor from
being damaged.

Preferably, Ihe compressor is a variable-displacement
compressor in )vhich a theoretical tlmv amount of refrigerant
discharged from the compressor is variable, and the control
unit controls the theoretical flow amount of rcfri crant
discharged from thc compressor to prevent the floiv amount
of refri crant clischar cd from thc compressor from being
larger than the precleierminecl value. Further, a lixed throule
is provided ai a refngerani discharge side of ihe compressor,
and the theoretical flow amount is controlled based on a
pressure difference het)veen upstream and dmvnstream sides
of thc fixecl throttle in a refrigerant flow direction. Bccausc
thc thcorctical flow amount is controllccl based on thc
pressure diffcrcnce bctwcen upstream ancl downstream sides
of the fixecl throttle, the flow amount of refngerant dis-
charged from the compressor is not reduced even when an
outside heat exchanger is frosted Accordingly, it can pre-
vent heat-aixsorbin capacity (heating capacity) of the out-
side heat cxchan cr from being rcduccd in a heating
operation, when the outside heat exchanger is frosted. Morc
prcfcrably, the control unit is sct in such a manner that thc
flow amount of refn erant dischargecl from ihe mmpressor
has an upper hmit. Therefore, by suitably aching the upper
limit, the consmned po)ver of the compressor can be
reduced, while the refrigerant cycle is normally operated

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects anil advantages of. the present inven-
tion will be more readily apparent from the following
detailed description of preferred embodiments when taken
together )vith the accompanying drawings, in which

FIG. 1 is a schematic chagram showing a vehicle air
conditioner according to a first preferred embodiment of the
present invention;

FIG. 2 is a schematic chagram showing a control unit of
the air conditioner according to the first embodiment;

FIG. 3 is a schematic diagram showing a refri erant cycle
used lor the air conditioner accorchng to Ihe lirst embodi-
ment;

FIG. 4 is a sectional view of a compressor used for ihe
refrigerant cycle according to the first embodiment;

FIG. 5 is a sectional view of a control valve used for the
refwgeranL cycle according to Ihe lirst embmliment;

FIG. 6 is a graph showing relauonships between a rotauon
speecl Nc of. the compressor, and a cooling capacity Q and
a consumed power L, accorchng io the lirsi embodiment,

FIG. 7 is a graph showing relationships between the
rotahon speed Nc of Ihe compressor, anil a refngerant
temperature Td and a refrigerant pressure Pd dischargecl
from the compressor, according to the first embodiment;

FIG. 8 is a schemahc view showing a refrigerant cycle for
a vehicle air mnditioner according to a second preferred
embodiment of the present invention;

FIG. 9 is a secuonal view showing a control valve used for
the refrigerant cycle according to the second embochment;

FIG. 10 is a schematic diagram showing a flow amount
deteciing unit for detecting a flow amount of refrigeranL
discharged from a compressor used in the refrigerant cycle,
according to the semnd embodiment;



FIG. 11 is a schematic diagram showing a refrigerant
cycle used for an air conditioner, according tn a third
preferred embodiment of the present invention;

FIG. 12 is a schematic diagram showing a refrigerant
cycle used for an air comhlioner, according to a fourth
preferred embocliment of. the present invention,

I'IG 13 is a tlo)v diagrain showing a control operation of
thc air conchtioner according to thc fourth embodiment;

FIG. 14 is a flow diagram showing a control operation of.

an air conditioner according to a lifth preferred embodiment
of the present invention,

FIG. 15 is a raph showing rciationships bctwcen a
rcfn crant flow amount G, a refrigerant prcssure Pd and a
rcfn crant tempcraturc Td discharged from a compressor,
when an outside air temperature Tam is changecf, according
to a modification of. Ihe present invenuon; ancf

I'IG. 16 is a schematic diagram showing a refrigerant
cyck used for an air conditioner according to an another
modification of thc present invention. o

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
dcscribccl hcreinaftcr with rcfcrcncc to thc accompanying
drawings.

A first preferred embodiment of the present invennon will
l)e now described with reference to Fl(IS I —7 In the first
embodiment, the present invention is typically applied to a

) )

vchiclc air conditioner. As shown in FIG. 1, at an upstream
'

position of an air conditioning casin 2 defining an air
passage, an inside air suction port 3 from which inside air
inside a passenger compartment is sucked, and an outside air
suction port 4 from which outside air outside Ihe passenger
compartment is sucked are provided. A suction port switch-
ing dnnr (inside/outside air switching unit) 5 for adjusting an
opening ratio of the suction ports 3, 4 is provided in thc air
conditiomn casin 2.

A biter (not shown) for removing dust contained in air and so
a cenlnfugal blower 7 for blowing mr are disposed at 5 a
downstream air side of the suction port switching door 5. An
evaporator 9 for cnnling air is disposed at a dnivnstream air
side of the bloiver 7 so that all air blown by the blower 7
passes through the evaporator 9 The evapnrator 9 is a
low-prcssure side heat cxchangcr of a super-critical (trans-
critical) vapor-compression refrigerant cycic in which a
refngeranl pressure (high-pressure stele refngeranl pressure)
discharged from a compressor 10U becomes equal lo or
higher than Ihe cnucal pressure of refrigerant. Refrigerant is
evaporated in the evaporator 9 by absorbing heat from air, sc)

that air passmg through the evaporator 9 is cooled In this
first cmbodimcnt, carbon dioxide is used as refrigerant, for
cxamplc.

A hcatcr core 10 for heating air is disposed in thc air ss
comhtiomng casing 2 at a downstream air side of Ihe.

evaporator 9. The heater core 10 heals air passing Ihere-
thrnugh using cooling water as a heating source. The heater
core 10 is dispnsed in the air conditioning casing 2 to form
a bypass passage 12 through which air bypasses thc hcatcr „,.)

core 10. At an upstream air side of thc heater core 10, an air
mixing door 13 for adjusting a ratio between an air amount
passing through Ihe healer core 1U and an air amount passing
through the bypass passage 12 is cfisposed.

At a most dov:nstream air side of. the air conditioning as
casing 2, there is provided a face air outlet 14 through which
air is blown toward the upper side ot' passenger in a

passenger compartment, a foot air outlet 15 through which
air is blown to)vard the font are of the passenger in the
passenger compartment, and a defroster air outlet 17 through
)vhich air is bio)vn to)vard an inner surface of a windshield
16 of thc vehicle.

Moclc switching doors li), 19, 20 for sckctivcly switching
an air ouflet mode are disposed at upstream air sides of lhe
air ouflels 14, 15, 17 lo open aml close the air outlets 14, 15,
17, respectively. The mode switching doors 18, 19, 2U, lhe
suction port s)vitching door 5 and the air mixing door 13 are
driven and controlled by driving members Ml —M3 such as
scrvomotors. Thc driving menibers Ml—M3, a driving mcm-
bcr M4 for drivin thc blower 7, ancl the control valve 110
are controllccl by an electronic control unit (ECU) 21, as
shown in FIG. 2.

In add)non, into Ihe ECU Z1, a sel temperature Tact set by
a temperature setting unit 22, and air-conditioning sensor
signals from a sensor group are input The sensor group
includes an inside air temperature sensor 23 (inside air
tcmpcraturc detecting unit) for clctccting tcmpcraturc Tin of
inside air inside the passen cr compartment, an outside air
temperature sensor 24 (an outside air temperature detecung
unit) for delectmg temperature Tout of outside air oukside the
passenger compartment, a sunlight sensor Z5 for detecting a
sunlight amount enterin into the passenger compartment,
and an evaporator air temperature sensor 26 (temperature
dctectin unit) for clctecting tempcraturc (post-evaporator
air teniperaturc Te) of air immecliately after passing through
Ihe evaporator 9.

Next, the refngerant cycle of: the lirst embodiment will be
now descnbed. As shown m FIG. 3, the refrigerant cycle
includes a compressor 100 which sucks and compresses
refrigerant by a drivin force from an engine 11 for traveling
the vehicle, a racliator 200, a pressure control unit
(decompression unit) 300, the evaporator 9, an accumulator
400, ancl an inside heat exchanger 500.

The raduitor ZUU is disposed to perform a heat exchange
between high-temperature high-pressure refngerant dis-
charged lrom the compressor 10U aml outside air, so that
refrigerant dischar ed from the compressor 100 is cooled in
the radiator 200. The pressure control unit 300 decompresses
rcfri erant flowing from thc radiator 200, and controls thc
high-prcssure side refrigerant pressure (prcssure discharged
from Ihe compressor 100) based on a refngerant temperature
at a refngeranl outlet of. the radiator 20U.

The accumulator 400 is chsposed for separaung refnger-
ant flowing from the evaporator 9 into gas refrigerant and
liquid refrigerant, so that gas refrigerant is introduced
toward a suction side of the compressor 100 while surplus
rcfri crant in thc rcfrigcrant cycle is stored thcrcin Thc
inside heat cxchangcr 500 is clisposcd to perform a heat
exchange between refwgeranl flowmg from the accumulator
and hi h-pressure side refrigerant (e.g., refrigerant tlowing
from the radiator, in the first embodiment). Accorcf)ngfy, the
enthalpy of refrigerant flowing into the evaporator 9 can be
reduced, an enthalpy difference between refrigerant at an
inlet siclc and rcfrigcrant an outlet siclc of thc evaporator 9

can be incrcascd, encl it can prcvcnt liquicl rcfrigcrant from
being sucked into the compresvo)r 10U.

Nexi, Ihe structure of. Ihe compressor 100 will be now
described.

As shown in FIG. 4, the compressor 100 is a vawable-
displacement swash plate compressor. In the variable-
displacement swash plate compressor 1UU, a swash plate 103
tilted relative to a rotation shaft 102 is disposed to be
integrally rotated )vith the shaft 102, and plural pistons (e g,



six pistons in the lirst embodiment) 105 are connecterf to the.

swash plate 103 through shoes IU4. Therefore, the pistons
105 reciprocates, and a voiumc of an operation chamber Vc
is cnlargcd and rctluccd, so that the coniprcssor 100 sucks
and compresses refrigerant. When a displacement of the
compressor 100 is changed, a pressure inside a swash plate
chamber (control pressure chamber) 106 in which the swash
plate IU3 is disposed is changed, a tilt angle of. the swash
plate 103 is changed, and a reciprocating stroke of thc
pistons 105 is changed. The swash plate chamber 1U6 iu
communicates v:ith a suction side of the compressor 1UU

through a passage having a lixerf thronle such as an orilice.
Refrigerant discharged from each operation chamber Vc

is collecteif in a first ihacharge chamber 107, so ihat a
vibration of refrigerant discharged from each operation
chamber Vc can be reduced in the first discharge chamber
107. Refrigerant in the first discharge chamber 107 is
introtluccd into a discharge port 109 through a second
discharge chamber 108, and both thc first and second
discharge chambers TU7, 108 communicate v:ith each other
through a commumcanon passage (not shown) having a
predetermined radial dimension. I'herefore, refrigerant pass-
ing through the communication path generates a pressure
loss, so that pressure within the second discharge chamber
108 becomes lower than prcssure within thc first discharge,,-
chambcr 107.

FIG. 5 is a sectional view showing a control valve 110
(displaccmcnt control unit) for controliing the pressure
within thc sivash plate chamber 106. The control valve 110
is constructed by a Iirst control portion 12U anrf a second
control portion 130. The Iirst control portion IZU is operaterf
so that a pressure difference between the first discharge
chamber 107 and the second discharge chamber 108
bccomcs a prctlctermincd prcssure diflercncc (i.c., control
target prcssure thflercncc) AP, and thc second control portion
130 rcgulatcs thc operation of thc first control portion 120 to
control the control target pressure rfillerence AP.

First, thc first control portion 120 is dcscribcd. The first
control portion 120 includes a Iirst control chamber 121 inio
whtch pressure within the lirst discharge chamber 107 is ao
introduced, anil a secoml control chamber 122 into which the
pressure within the second discharge chamber 108 is intro-
duced. 13oth the control chambers 121, 122 are partitioned
from each other by a slidable partition member 123. A coil
sprin (clastic member) 124 for pressin the partition ment- Ls

bcr 123 in a direction increasing thc volume of thc first
control chamber 121 is disposed in the lirst control chamber
121. A push rod 125 is formed in the parntion member 123,
so that a force due to the pressure difl'erence betiveen both
the control chambers 121, 122 and an elastic force of the coil
spring 124 is applied to the push rod 125. Thc force duc to
thc prcssure thffi:rcncc between both thc control chambers
121, 122, is toward a direction (icft direction in FIG. 5) for
increasing the volume of the Iirst control chamber 121,
because the pressure within the lirst control chamber 121 is
larger than the pressure within the second control chamber
122 Because a moving amount of the push rod 125 is slight,
thc force applictl from thc coil spring 124 to thc partition
mcmbcr 123 (push rod 125) is substantialiy constant.

On the other hand, the second control portion 130 is RL

disposed so that a force (i.c., valve-closing force) opposite
to a valve-opening force is applied to a valve body 131.
Therefore, the valve borfy 131 controls a communication
state of a control pressure passage 14U through which the
discharge pressure (i.e., pressure of. the second ihacharge es
chamfier 108) of the compressor 100 is introduced into the
swash plate chamber 106.

The seconil control portion 13U includes a plunger 132
(movable core) which is movable by an electromagnetic
aiisorbing force generated by a magnetic field due to a coil
133, a stopper (fixed coil) 134 engaged with the plunger 132,
anil a coil spring 135 gcncratin a force opposing thc
electromagnetic absorbing force. Bccausc a movemcnt
amount of. the plunger 13Z is slight, a force applied from Lhe

cod spnng 135 to the plunger 132 is substantially constant.
In addiuon, the plunger 13Z is integrated with the valve

body 131 13y controlling an energizmg ratio (rluty ratio)
supplied to the coil 133, the valve closing force
(clectroma nctic-alisorbing force) approximately propor-
tional to thc duty ratio can bc obtained. Thc rluty ratio
supplied to thc coil 133 us controlled by the ECU 21.

Thus, when the duty ratio is made larger and the valve-
closing force is increased, the valve body 131 moves the
right side of lrlti 5, and a passage area of the control
pressure passage 140 is reduced 'I'herefore, the pressure
ivithin the sivash plate chamber 106 is reduced, and the
displacement of the compressor 100 is reduced.

On thc other hand, when the rotation speetl of thc cnginc
11 incrcascs and the rotation speetl of thc compressor 100
increasem the flow amount of refrigerant dischargeil from
the compressor IUU increases. However, when the reinger-
ant floiv amount discharged from the compressor 100
increases, a pressure ditTerence between both the hrst and
secontl control chambers 121, 122 becomes larger
Accordin ly, the valve opcnin force bccomcs lar cr, thc
push rod 125 and thc valve hotly 131 move toward the left
side in FIG. 5, the control pressure passage 14U is opened,
and the ihsplacement of. Lhe compressor IUU is reduced.

Conversely, when the rotanon speed of Lhe engine 11
decreases and the rotation speed of the compressor 100
decreases, the flow amount of refrigerant discharged from
thc compressor 100 decrcascs. However, when thc refngcr-
ant flow aniount discharged from thc compressor 100
decreases, a pressure dilTerence between both Lhe lirst and
secoml control chambers IZ1, 12Z becomes smaller.
Accordingly, Lhe valve opening fiirce becomes smaller, Lhe

push rod 125 and the valve body 131 move toivard the right
side in I'itl. 5, the control pressure passage 140 is throttled,
and thc displaccmcnt of the conipressor 100 is increased.

At this time, thc push rod 125 anil thc valve body 131
move to a position at which thc valve closing force and the
valve opening fiirce are balanced. Further, the force due to
the coil spnngs 1Z4, 135 is constant. Therefore, by movin ~

the push rod 125 and the valve body 131 to the balanced
position, the displacement of the compressor 100 can be
mechanically changed so that the pressure difference
between thc first anil second control chambers 121, 122
becomes a prcdctermincrl pressure rliflercncc tlctcrminctl by
the valve-closing fiirce (i.e., electromagneuc absorbing
force), i.e., the mintrol iarget pressure difTerence Ap.

Accordingly by controlling the duty ratio, the refrigerant
floiv amount actually discharged from the compressor 100
can be controlled, without depending on the rotation speed
of thc engine E G (conipressor 100). In the first
cmbodinicnt, a tar et rcfrigcrant flow amount discharged
from thc compressor 100 is rlctermincrl by thc duty ratio
Therefore, the determination of the duty ratio means the
determination of the targeL refngerant flow amount dis-
charged from the compressor l.

Next, operation of the refrigerant cycle accorihng to Lhe

lirst embodiment will be now ilescnbed FIG. 6 is a graph
showing a relationship between the rotation speed Nc of the
compressor 100, and a cooling capacity O and a consumed



power L of the super-i:ritical refngerant cycle using carbon
dioxide as refngerant, and a relanonship between the rota-
tion spccd Nc of thc compressor 100, and thc cooling
capacity Q and thc consumed power L of a refrigerant cycle
using finn (I B CI34a) as refrigerant As shown in I'IG. 6, in
the super-critical refrigerant cycle using carbon dioxide as
refngerant, an increase amount of the cooling capacity Q
relattve to an increase amount of. the rotation speed Nc of the.

compressor 100 becomes larger as compared with that in thc
refngerant cycle using flon as refrigerant. In addinon, in the iu
non-i:ritical refrigerant cycle using flon as refngerant, the
cooling capacity Q is increased to about 5.5 KW in maxi-
mum. Ilowever, in the super-critical refrigerant cycle, the
cooling capacity Q is increased apprnximateiy in proportion
to thc incrcascd amount of the rotation speed Nc of the
compressor 100.

In a general vehicle air conditioner, ivhen the maximum
cooling capacity Q is approximately 5.5 KW, a necessary
coolin capacity can bc obtained. Accordingly, in thc first
embodiment, the target refngerant flow amount dischargerl
from the compressor 10U is set and the duty rano is
determined, so that the air temperature Te (immediately after
passing thrnugh the evaporator 9) detected by the tempera-
ture sensor 26 becnmes approximately O' Accordingly, it
can prcvcnt thc refrigerant amount discharged from the,,-
comprcssor 100 becomes larger than a predetermined flow
amount Wt. The predetermined flow amount Wt is set and
determined based on a necessary maximum cooling capacity
Q (e g, 5.S KW, in the first embodiment) and a material
perfnrmance value of refrigerant, and the like.

For example, when the necessary maximum cooling
capacity Q is set approximately at S 5 KW, the dutv ratio
(theoretical flnw amnunt of refrigerant) is controlled sn that
it can prevent thc actual flow amount of refrigerant dis-
charged from thc compressor 100 from becoming larger than
thc prcdctcrmincd flow amount Wt. In this case, the rotation
speeri Nc (rotation number) of. the compressor 1UU can be.

restncteri to be equal to or lower than a rotation speed Ncb
I'herefore, it can prevent the refrigerant pressure Pd (high-
pressure sirle refrigerant pressure) and the refrigerant tem-
pcraturc Trl (high-prcssure side refrigerant tcnipcraturc)
from being cxccssivcly incrcascd, as shown in FIG. 7. As a
result, it can prcvcnt thc consumed power of thc compressor
IOU from being excessively increased, and it can prevent the
compressor IOU or a rubber member from being thermal-
dam aged.

Accorriing to the lirst embodiment of the present
invention, the displacement (theoretical refngerant flov,
amount) of compressor 100 is mechanically controlled by
the control valve 110 (control unit) based on the pressure
diflcrcncc of thc fixe throttic provided at thc refrigerant
discharge side of thc compressor 100, so that the flow
amount of rcfngcrant discharged from thc compressor 100 is
restricted to be not larger than the predetermined flow
amount Wt That is, because the maximum flow amount of.

refngerant rlischarged from the compressor 100 is restricted,
it can prevent the high-pressure side refrigerant pressure Pd
and thc hi h-pressure side refrigerant temperature Td front
being cxccssivcly increased in the refrigerant cycle.
Accorrlingly, thc refrigerant cycle operates while prcvcnting sti
a consumed power of the compressor 100 from being
excessively increased, and it can prevent the compressor 1UO

from heing rlamaged
A second preferreil emboiliment of. the present invention

will be now descnberi v:ith relerence to FIGS. 0—IU. In the as
second embodiment, the pressure difl'erence of the fixed
throttle dispnsed at the refrigerant discharge side of the

compressor 100 is detected by a sensor such as a pressure
sensor, as an electrical signal, so that displacement of the
compressor 100 is controlled.

Specihcally, as shoivn in I'IG. g, a flow amount rletecting
unit 600, for detecting a refrigerant flow amount (mass flow
amount) discharged from the compressor 100, is disposed,
and the displacement of the compressor 1UU is controlled by
a control valve 110 shown in FIG 9. In the seotnd
embodiment, the iximpressor 1UO is a variable-displacement
sivash plate compressor, similarly to the above-described
first embodiment

As shoivn in I'l(l. 10, the flow amount detecting unit 600
includes a fixed throttk (orifice) 610 havin a predetermined
fixcrl opening degree, and a pressure diffcrencc sensor 620
for detecnn ~ a pressure loss AP generate&i in the lixed
thronle 610. That is,. the pressure loss AP corresponrls to a

pressure difference betiveen upstream and dmvnstream sides
of the tixed throttle 610 in a refrigerant tlow direction.

The pressure loss AP is approximately proportional to the
square of a flow rate of refrigerant. Accordingly, when thc
pressure loss rkp is detected, the flow rate of refrigerant
passing through thc fixe throttle 610 can bc calculatcrl, and
the flow amount of relrigerant discharged Irom the com-
pressor 10U can be calculated.

That is, m the secoml embodiment, the pressure loss AP
can be detected by the pressure sensor 620 Accnrdingly, the
first control portion 120 described in the hrst embodiment is
not provirlcrl. In thc second cmiiorliment, thc refrigerant flow
amount discharged front the compressor 100 is calculated
based on the detection value of the pressure dilference
sensor 620. In addinon, a target flow amount of refngerant
discharged from the compressor 100 is set based on the
calculated refrigerant floiv amount, and the duty ratio is
controfled (feedback controlled) so that the air temperature
Te (post-evaporator air tempcraturc) detcctcd iiy thc tcm-
pcraturc sensor 26 iiccomcs approximately O'.
Accordingly, in the second embodiment, operanon el(act
simihir to the above-descnbed lirst embodiment can be
obtained.

A third prelerred embodiment of the present invennon
wifl be now descnbed with reference to FIG. 11. In the
aiiove-described first embodiment, the refngerant cycle is
used for only performing cooling operation I lowever, in the
third embodiment, the present invention is used for a heat-
punip rcfrigcrant cycle with can selcctivcly switch a coolin
operation and a hcatin operation. In thc third cmborhmcnt,
as shown in FIG. 11, a switching valve 700 is provided to
selectively switch one of a case where refrigerant discharged
from the compressor 10U flows into an extenor heat
exchanger 201, and a case where refrigerant discharged from
the compressor 100 floivs into an interior heat exchanger 91
Thc switching valve 700 is a four-way valve, for example

In the third embodiment, during the cooling operation, the
exterior heat exchanger 201 is used as a radiator, and the
interior heat exchanger 91 is used as an evaporator. On thc
other hand, during thc heating operation, the intcnor heat
exchanger 91 ts used as a radiator, anil the exterior heat
exchanger ZU1 is used as an evaporator.

Next operation of the refrigerant cycle according to thc
third embodiment of the present invention wdl be now
described.

In the heatin ~ operanon, because the extenor heat
exchanger ZUI is used as the evaporator, the surface of the
extenor heat exchanger 201 is readily frosted. At this nme,
if the displacement of the compressor is controlled so that a
low-pressure side refrigerant pressure sucked into the com-



pressor 100 becomes lower than a predetermineri pressure,
when the exterior heat exchanger 201 is frosted, heat absorb-
ing capacity (evaporation amount) of the exterior heat
cxchangcr 201 is decreased.

However, in the third embodiment, because ihe refnger-
ant flow amount discharged from the compressor 10U is
controflcd based on thc prcssure diflerrncc bctwcen the
upstream and downstream sides of a fixe throttle provided
at the refngerant discharge side of the compressor 100, the
refngerant flow amnunt discharged from the compressor 100
bccomcs approximately constant even ivhrn thr exterior
heat cxchangcr 201 is frosted. Accordin ly, even when the
exterior heat exchanger 2U1 is frosted in ihe heaung
operation, the refrigerant flow amount discharged from the.

compressor 100 is not decreased. Thus, even when the
exterior heat exchanger 201 is frosted in the heating
operation, it can prevent the heat-absorbing capacity
(heating capacity) of thc exterior heat exchanger 201 from
being greatly reduced.

A fourth prcfcrrcd embodiment of thc prcscnt invention an
will bc now described with reference to FIGS. 12 and 13. In
thc fourth cmbocliment, a pressure sensor 27 for detecting
the refngerant pressure Pil ilischarged from the impresser
10U is provided, aml a theoretical flow amount of refrigerant
discharged from the compressor 100 is controlled so that the
refrigerant pressure directed by the pressure sensor 27
bccomcs equal to or lower than a predetermined prcssure Pl.
That is, clcctncal amount (duty ratio) supplied to thc control
valve 110 is controlled so that the rcfri erant pressure Pd
detecteri by the pressure sensor 27 becomes equal to or lower
than the prerietermineri pressure Pl. Here, the reirigerant
pressure Vd rletected by the pressure sensor 27 is one of
physical amount relative to the refrigerant pressure dis-
charged from thc compressor 100.

Next, the contrnl nperation nf the cnmpressor 100 (control is
valve 110) will be noiv described liased on the floiv diagram
shown in FIG. 13. When the operation of the vchiclc air
conditioner 1 starts, a target flow amount of refrigerant
discharged from the compressor IUU is determined so that
the air temperature Te immediately after passing through the tn
evaporator 9 becomes a predetermined temperature, at step
SIUU. Next, a theoretical tlow amount (electrical poiver
supplied to the cnntrni valve HO, duty ratio) of refrigerant
discharged from thc compressor 100 is controlled to br the
target flow amount. Next, when thc refrigerant prcssure Pd as
dctcctcd by thc prcssure sensor 27 becomes lar er than the
predetermined value Pl at step S11U, the control current
value (duty ratio) for obtaining the target flow amount
determined at step SIUU is reduced by 5%, for example, so
that the theoretical flow amount is made smafler than the
dctcrmincd target flow amount. That is, a maximum flow-
amount regulating mode is performed at step S120. In thr
maximum flow-amount regulating mode at step S120, thr
control current value (duty ratio) for obtaining the target
flow amount determined at step S1UO is reduced by a
predetermined ratio (e g., Sryn) sn that the thenretical flow
amount of refrigerant is made smafler than the determined
target flow amount. In thr fourth embodiment, because the
maximum flow-amount regulating mode is pcrformcd so
that thc thcorctical rcfrigcrant liow amount is controlled to sti
be smaller than the determineri target refngerant flov,
amount, it can prevent the high-pressure side refrigerant
from having an abnormal high pressure or an abnormal high
temperature in the refrigerant cycle.

In the fourth embothment of. the present invenuon, in the as
maximum floiv-amount regulating mode, the target flow
amount of refrigerant discharged from the compressor can
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be set in a range equal to or lower than a maximum flow
amount, anil the theoreucal flow amount of the compressor
is controflcd basecl on thc target flow amount, so that thc
rcfri crant prcssure Vd dctectcd by thc pressure sensor 27
becomes lower than the predetermined pressure Vl In this
case, it can prevent the high-pressure side refrigerant from
havin ~ an abnormal high pressure or an abnormal high
temperature in the refngerant cycle.

A fifth preferred embodiment of the present invention will
be now described with reference to I'IG 14 In the above-
described fourth embodiment, when the reingerant pressure
Pd (physical amount relative to the high-pressure side refrig-
erant prcssure) detcctcd by thc prcssure sensor 27 bccomcs
larger than thc prcdctcrmincd pressure Pl, the maximum
liow-amount regulating mode is performed. I'hat is, m the
above-described fourth embndiment, the target flow amount
of. refngerant discharged from the compressor 10U is deter-
mined so that the air temperature Te immeiliately after
passing throu h thc evaporator 9 becomes the predetermined
tcmpcraturc at step S100. Thercforc, when the post-
evaporator air temperature 'I'e is higher than the predeter-
mined temperature and when the refrigerant pressure Vd
dischar ed I rom the compressor 10U becomes larger than the
predetermined pressure Pl, an increaserdecrease change of
thc thcorctical flovv amount of rcfri crant rlischargcd from
the compressor 100 is rcpcatcd, anil the control operation of
the refrigerant cycle of the vehicle air conditioner I may
become unstable

Accordingly, in thc fifth enibodimcnt of thc prcscnt
invention, as shoivn in lrlG. 14, ivhen the refrigerant pres-
sure Vd detected by the pressure sensor 27 becomes larger
than the predetermined value Vl at step S110, the control
current value (duty ratio) for olitainin thc determined target
flow amount is rcduccrl in thc maximum flow-amount regu-
lating mode at step S120, so that the theoreucal flow amount
is made smaller than that determined target flow amount.
Next, at step S130, the reduced contrnl current is set as the
maximum current, and the maximum tloiv-amount regulat-
ing mode is performed. In the maximum flow-amount regu-
lating mode, thc target flow amount of rcfrigcrant discharged
from thc compressor 100 is dctcrmincd in a range equal to
or lower than the maximum flow amount, while the post-
evaporator air temperature Te becomes the prerleterminerl
temperature.

Next, at step S14U, it is determined whether or not a

predetermined ume "It'asses after the maximum tlow
amount regulating mode is performed. When the predeter-
mined time "t*'asses after the maximum tlow-amount
regulating mode is performed, the maximum tlow-amount
rcgulatin mode is rclcascd at step SI50. Thcrcaftcr, at step
S100, the target flow amount of refrigerant rlischargcd from
the compressor 100 is determined so that the post-evaporator
temperature Te becomes the predetermined temperature. The
target tloiv amount of refrigerant discharged frnm the com-
pressor 100 is controlled in the range equal tn or leaver than
the maximum tloiv amount. Therefore, an actual post-
evaporator tenipcraturc Tc may bc larger than thc prcdetcr-
mincd tcmpcraturc. Howcvcr, because a tcmperaturc change
in air blown into the passenger compartment is minie
smaller, air-conihtioning feeling given to a passenger in the
passenger compartment is hardly decreased

Accorihngly, it can restnct the control operation of the
vehicle air conditioner from being unstable, anil it can
prevent the high-pressure side refrigerant of the refrigerant
cycle of the air conditioner I from bavin an abnnrmal high
pressure or an abnormal high tcmperaturc

Although the present invention has been fully described in
connection ivith the preferred embndiments thereof with



reference to lhe accompanying drawings, il ts to be noted
that varinus changes and modifications will become appar-
ent to those skifled in the art

For example, bccausc the refrigerant prcssure Pd and the
reingeranl temperature Tri, diaehargeri from the impresser
1OU have an interrelation, lhe reingerant pressure Pd can be.

eslimateil based on the reingeranl temperature Td detected
Iiy a temperature sensor. In addition, when the same refrig-
erant amount circulates in the refrigerant cycle, the refrig-
erant prcssure Pd and the refrigerant temperature Td dis-
char cd from thc compressor 100 increase as the outside air
temperature Tam increases, as shown m FIG. 15.
Accorilingly, as shov:n in FIG. 16, an outside air temperature
sensor 20 ior rietecting the outsuie air temperature Tam
blown toward the radiatnr 200 is provided, and a relationship
between the outside air temperature Tam and the refrigerant
prcssure Pd discharged from thc compressor 100 can be
calculated beforehand. Thereafter, thc theoretical flow
amount of refngeranl discharged from the compressor 1UO

can be conlrofled based on the outside mr lemperauire Tam
detected by lhe outside air temperature sensor 20.

In the above-described embodiments, the present inven-
tion is applictl to a refrigerant cycle performing only the
cooling operation However, thc present invention described
in each of lhe embodiments can be used ior a heat pump
cycle which can selectively switch a cooling operation, a
heating operation, or a dehmnidifying mode In the above-
described first embodiment, the swash plate compressor is
used. Ilowever, the other type compressor such as a scroll

I)compressor can bc used.
In the above-ilescnbed embodimenLs, the maximum flow-

amounl regulating means (control umt), ior prevennng lhe.

flow amount of refrigerant discharged from the compressor
100 from heing larger than the predetermined floiv amount
Wt, is constructed by thc controi valve 110 and thr ECI/ 22
in a variable-thsplacemcnt compressor. Howcvcr, in a fixcd-
displacemenl compressor where the displacement cannot be
changeri, an electromagnetic clutch is controlled Lo control
operatton ratio (a ratio between operation lime and non-
operation time) of the compressnr, so that the displacement
of the compressor can be changed in a predetermined time
and thc maximum flow-amount regulating means can also be
cotlstfuclcrl.

In the above-descnberi fitsl embodiment, while lhe posi-
evaporatnr air temperature I'e (immediately after passing
through the evapnrator 9) detected by the temperature sensor
26 becomes approximately O':., it can prevent the refrig-
erant flow amount discharged from thc compressor 100 front
being lar cr than the prcdctcrmincd flow amount Wt.
Accordingly, in a case where the rotation speeri of lhe.

compressor 10U becomes larger than a predetermined rota-
tion speed (e g., a rotation speed cnrresponding to a vehicle
speed of 40 km/h), by an ON/OFI'ontrol of the electro-
magnetic clutch 101, the rotation speed ot'he compressor
100 can bc macle approximately constant durin a predctcr-
mincd time.

In the above-ilescnbed lirsl embodiment, ihe past-
evaporator air temperature 'Ib is detected by the temperature
sensor 26 for controlling the compressor 100. Ilnivever, ae
bccausc thc prcssure (evaporation pressure) within thc
evaporator 9 has a relationship with thc tcmpcraturc
(evaporation temperature) within lhe evaporator 9, when lhe
refngeranl pressure sucl eil into lhe compressor 100 is made
substantially constant, il can prevenl the reingerant flow SS

amount discharged frnm the compressnr 100 from heing
larger than the predetermined flow amount Wt.
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In lhe above-descnbed lirst embodiment, the air tempera-

ture Te (immeihalely alter passing through the evaporator 9)
detected by thc temperature sensor 26 is made to become
approximately fl'., so that it can prcvcnt the refrigerant
floiv amount discharged from the compressor 100 from
heing larger than the predetermined floiv amount Wt
However, by eaning lhe target flow amount dischar ed from
lhe compressor based on the outside air temperature Tam or
thc sunli ht amount, thc duty ratio can bc dctcrminctl so that
the rcfrigcrant flovv amount discharged from thc compressor
100 can be prevented from being lar er than the predeter-
mined flow amount Wt. In the above-descniied first
embodiment, lhe duty-control is periormed for the control
valve 11U. However, PWM (Pulse W'idth Modulation) con-
trol or thc other control may bc pcrformcd for thc control
valve 110.

Further, in the above-described embodiments, the carbon
dioxide is useil as refrigerant. However, the other refrigerant
such as ethylcnc, cthanc, nitro cn oxitlc may bc usctl.

Such changes and modifications are to be understood as
bein within thc scope of thc present invention as dctined by
thc appcndcd claims.

What is claimed is.
1. An air comhuoner for a vehicle having an engine for

powenng the vehicle, lhe air coiuliuoner comprising.
a refrigerant cycle having a compressor rotated by power

from the engine, a rotational speed anti capacity of the
compressor heing directly related to a rotational speed
of the engine, the compressor heing disposetl to suck
and compress refrigerant so that refrigerant tlischarged
from the compressor has a prcssure equal to or hi hcr
than critical prcssure of thc refrigerant; anil

a control unit which is provided to prevent a floiv amount
of thc rcfrigcrant discharged from thc compressor from
becoming larger than a prcdctcrmincd value, as thc
rotanonal speed of Lhe compressor is increased due to
an increase m Lhe rotational speeri of lhe engine.

2. 'I'he air conditioner according to claim I, ivherein
the compressor is a variable-displacement compressor in

which a theoretical flow amount of the refrigerant
discharged from the compressor is variable; and

the conlrol uml conlroks Lhe lheorelical tlow amounL of the
refrigerant discharged from the compressor to prevent
the tlow amount of refrigerant discharged from the
compressor from being larger than the predetermined
value.

3. The air conditioner accordin to claim 1, further
compnsing.

a fixed throttle provided at a rcfrigcrant dischar c side of
thc compressor, wherein:
lhe compressor is a variable-displacement compressor

in which a theoretical flow amount of the refngerant
discharged from the compressor is chan ed Iiased on
a pressure difference between upstream and doivn-
stream sides of the fixed throttle in a refrigerant flow
direction.

4. Thc air conditioner according to claim 1, wherein thc
conlrol unit is sei in such a manner that the tlow amounL of
lhe refri erant ihscharged from lhe compressor has an upper
limit.

5. 'I'he air conditioner according to claim 3, wherein
the compressor has a swash plate chamber in which a

swash plate is disposed;
the swash plate chamber of Lhe compressor is provirieri in

such a manner that a pressure of the swash plate
chamber is changed in accordance ivith the pressure
difference; and
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the control unit changes Ihe flow amount of the refrigerant

discharged from the compressor based on the pressure
of the swash plate chamber

6. 'I'he air conditioner according to claim 3, further
compwsin

a dctccting unit disposed to detect a physical amount
relative lo a refrigerant pressure of. Ihe reirigerant
dtschargeil from Ihe compressor, and

the control unit controls Ihe theoretical flow amount of. Ihe
refrigerant discharged frnm the compressor in such a
manner that the physical amount detected by the detect-
ing unit is lower than a predetermined amount

7. Thc air contlitioncr according to claim 6, vvherrin;

thc rcfingcrant cycle further includes
16

a high-prcssure side heat exchanger which is disposed
lo cool Ihe refrigerant discharged from the.
compressor,

a decompression unit disposed to decompress the
refrigerant floiving from the high-pressure side heat

oexchanger, and
a low-prcssure side heat exchanger disposed to cvapo-

ratc thc rcfrigcrant flowing from thc decompression
unit;

the control unit includes target flow amount determining "5
means which determines a target flow amount of. Ihe
refrigerant discharged from the compressor based nn at
least nne heat load of the high-pressure side heat
cxchangcr and the low-prcssure side heat cxchangcr;
anil

when the physical amount detected by the detecting unit
is larger than thc prcdetcrmincd amount, thc control
unit performs a maximum flow-aniount re ulating
mode, in which the target flow amount of. Ihe refnger-
ant dischargeil from ihe compressor is sei in a range
equal to or lnwer than a maximum flow amount, and the
theoretical flow amount of the compressor is controlled
liased on the target floiv amnunt sn that the physical
amount tlctectcd by the detecting unit becomes lower
than thc prcdetrrmincd amount.

8. The air conditioner accorrling to clmm 7, wherein Ihe.

control unit stops the maximum flow-amount regulanng
mode when a predetermined time passes after the maximum
flow-amount regulating mode is performed.

9. The air cnnditioner accnrding to claim I, wherein the
rcfn crant is carbon dioxide.

10. Thc air contlitioner according to claini 1 whcrcin thr
control unit mechanically controls Ihe flow amount of. Ihe
refngeranl dischargerl Irom the compressor to be lower than
the prerlelerminerl value, so that Ihe pressure of. the refrig-
erant discharged from the compressnr is controlled to he
lower than a predetermined pressure that is equal to or
higher than thc critical prcssure of thc rcfri erant.

11. An air conditioner for a vehicle having an engine for
powering Ihe vehicle, the air conditioner compnsing.

a rcfri crant cycle having a variable-displacement com-
pressor rotated by power from thc engine, a rotational
speed anil capacity of. the compressor being rlirectly
relatetl to a rotational speed of the engine, Ihe com-
pressor tieing disposed to suck and compress refriger-
ant so that the refrigerant discharged from the com-
pressor has a pressure equal to or higher than critical
prcssure of thr rcfrigcrant;

a fixed thrnttle disposed at a refrigerant discharge side of
thc compressor; and 65

a control umt vvhich changes a theoretical fiow amount of
the refrigerant discharged from the compressor based

on a pressure dilference between upstream anil down-
stream sides of the hxed throttle m a refrigerant flow
direction; ivherein:
the control unit is set in such a manner that the flow

amount of the refrigerant discharged from the com-
pressor has an upper limit as thc rotational spccrl of
the compressor is increasetl due to an increase in lhe
rotational speed of the engine.

12 The air conditioner according to claim 10, wherem
thc compressor has a swash plate chamber in which a

swash plate is disposed;
the swash plate chamber is providetl in such a manner that

a pressure of the swash plate chamber is chan ed in
accordance ivith the pressure difference; anil

thc control unit changes thc flow amount of thc rcfri orant
ihschar ed from the compressor based on lhe pressure
of the swash plate chamber.

13. The air comhnoner accortling lo claim 10, further
comprising

a detecting unit disposetl to dctcct a physical amount
rclativc to a rcfri orant prcssure of thc rcfri orant
ihschar ed from the compressor, anni

wherein the control unit controls Ihe Iheorencal flow
amount of the refngerant discharged from lhe compres-
sor in such a manner that the physical amount tletected
hy the detecting unit is lower than a predetermined
aniount.

14. The air conditioner according to claim 13, wherein:
Ihe refrigerant cycle further inclutles

a high-pressure side heat exchanger which is disposed to
cool the refwgeranl dischargetl from Ihe compressor,

a decompression unit disposetl to decompress the refng-
erant tlowin from the high-pressure stile heat
exchanger, and

a loiv-pressure side heat exchan er disposed to evaporate
thc rcfrigcrant flowing from the decompression unit;

thc control unit includes tar ct flow-amount determining
means ivhich dctcrmines a target flow amount of the
refwgeranl thscharged I rom the compressor based on at
least one heat load of Ihe high-pressure side heat
exchanger and the loiv-pressure side heat exchanger;
and

when the physical amount detected by the detectmg unit
is lar cr than the predetermined amount, thc control
unit performs a maximum flow-amount regulating
mode, in which Ihe target flow amount of the reinger-
ant discharged from the compressoir is set in a range
equal to or lower than a maximum flow amount, and lhe
theoretical flow amount of the compressor is controlled
based on the target floiv amount so that the physical
amount tlctcctcd by the detecting unit becomes lower
than thc prcdctcrmincd amount.

15. The air comhnoner accoriling lo claim 14, wherein the
control unit stops the maximum flow-amount regulann ~

mode when a predelermmed time passes after the maximum
flow-amount regulating mode is performed.

16 'I'he air conditioner according to claim 10, wherein the
rcfri crant is carbon dioxirlc.

17. A rcfri crant cycle comprising:
a rotary compressor disposed to suck and compress thc

refwgeranl so that refngerant thscharged from the com-
pressor has a pressure equal to or higher than cnucal
pressure of refrigerant;

a high-pressure side heat exchanger which is disposed to
cool the refrigerant discharged from the compressor;
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a decompression unit disposed to decompress lhe refrig-

erant flowing from the high-pressure side heat
exchanger,

a low-prcssure side heat exchanger disposed to evaporate
the refrigerant flov;ing from the decompression unii;
and

a control unit ivhich is mechanically connected to the
compressor and is disposed to prevent a flow amount of
thc rcfri orant discharged from thc compressor front
becoming lar cr than a predetermined value as a rota-
ttonal speetl of the compressor is increased.

lg. The refrigerant cycle according to claim 17, further
comprising

a fixed throttle disposed at a refrigerant discharge side of
thc compressor, wherein:
the compressor is a variable-displacement impresser

in which a theoretical flow amount of lhe refrigerant
discharged from the compressor is venable, aml

the control unit changes the theoretical flow amount of
the refrigerant discharged from the compressor based
on a prcssure diflcrcnce between upstream and
downstream sides of thc lixed throttle in a refrigerant
tlow direction.

19. The refrigerant cycle according to claim lg, further
composing:

a dctccting unit disposed to detect a physical amount
relative to a refrigerant pressure of the refrigerant
discharged from the compressor,

iu

wherein the control unit controls lhe lheoreucal flow
aniount of thc refrigerant clischar crl from the compres-
sor in such a nianncr that the physical amount dctccted
by the detecting unit is lower than a predetermined
amount.

ZU. The refngerant cycle accorihng to claim 19, wherein.

thc control unit includes tar ct flow-amount dctcrmining
means which dctcrmincs a target flow amount of thc
refrigerant discharged from the compressor based on at

least one heat load of lhe high-pressure side heat
exchanger and the low-pressure side heat exchanger;
anil

when thc physical amount detcctccl by thc detecting unit
is larger than the predetermined amount, the control
unit perlorms a maximum tlow-amount regulating
mode in which the target flow amount of the refngerant
discharged from thc compressor is set in a range equal
to or loiver than a maximum floiv amount, and the
theoretical flow amount of the compressor is controlled
based on the target flow amount so that the physical
amount clctcctcd by the detecting unit bccomcs lower
than the predetermined amount.

Zl. The refmgerant cycle accordmg to claim 17, wherein
lhe refrigerant is carbon dioxide.


