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(s7) ABSTRACT

A heat pmnp type air conditioner for a vehicle has a
refrigeration cycle constituted by a compressor, an external
heat exchanger, a rcfrigcrant valve unit ancl an internal heat
cxchan er unit. Thc refrigerant valve unit includes tirst and
second liow control valves, and the internal heat exchanger
unit mclu&les an auxiliary internal heat exchanger and a main
mternal heat exchanger. In the refngeration cycle, the tirst
flow control valve, the auxiliary internal heat exchan er, the
second tlo)v control valve and the main mternal heat
cxchan cr arc serially connected in thc orclcr of mention.
Thc main and auxiliary internal heat cxchan crs change
lheir function between an evaporator aml a comlenser
according to the controlle&l state of lhe lirst anti second tlow
control valve.

22 Claims, 14 Drawing Sheets
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1

HEAT PUMP TYPE AIR CONDITIONL'R I'OR
VEHICLE

13ACK(i ROUND OF 111E INVLiNTION

The present invention relates to a heat pump type air
condittoner for a vehicle, aml more particularly to a vehicu-
lar air conditioner which executes a heating by operaung a
rcfn cration cycle thcrcof.

Generally, an air conihtioner employed in a vehicle, is
arrangecl to execute a heating operation by using a heater
core circulating engine cooiant and tn execute a cooling
operation by using a refrigeration system.

However, when an engine of. the vehicle is started under
a comlition that an outside air temperature Ls considerably
low, it cs ncccssary to take a predetermined tinie perind until
thc cn inc coolant is warmed at a tcniperaturc such as about
SO'I so as tn be applied in the heating nperation
I urthermore, if the engine is operated under idling cnndition
or low-load conchtion, the temperature of Lhe engine coolant
te nels to be kept at a temperature insulhcient for a heater core.
to bc applied to thc heating operation.

SUMMARY Of 11 ILi INVL'N'llON

It ts an oblect ol. the present invention to provide a heat
pump type air conditioner which quickly and sutficiently
cxccutcs thc hcatin operation by employing thc refrigera-
tion system of thc air conditioner.

A lirst aspect of the present invenuon resicles in a heat
pump type air conditioner for a vehicle which executes a
bc)ting operation and a cooling operation accnrding to a
temperature cnndition. 1'he heat pmnp type air cnnditioner
compnses a compressnr applying workload to refrigerant
An external heat exchanger is connected to an outlet of. Lhe.

compressor. A first flow control valve is connected Lo a
rcfngcrant outlet of the external heat exchanger. An auxil-
iary internal heat exchanger is connected to an outlet of thc
first tlow control valve. A secnnd flniv control valve is
connected to a refrigerant outlet nf the auxiliary internal heat
exchanger. Amain internal heat exchanger is connected to an
outlet to the second flow control valve. A refngerant outlet
of the main internal heat exchanger is connected Lo an inlet
of thc compressor. An air dcliverin section flows air
through thc main and auxiliary internal heat exchangcrs and
delivers the air to a passenger cnmpartment of the vehicle

A second aspect of thc prcscnt invention resides in a heat
pump type air conditioner which executes a heating opera-
tion and a cooling operation accnrding tn a temperature
condition. The heat pump type air conditinner comprises a
compressor applying workloacl Lo refrigerant. An external
heat exchanger is connected to an outlet ol: the compressor.
An auxiliary internal heat exchanger has a first pnrt and a
second portion ancl is arranged such that a cross scctinnal
area of a refrigerant passage of the auxiliary internal heat
exchanger is gradually increased from the first pnrt to the
seconcl port An expanmon valve is connected Lo Lhe first port
of the auxiliary internal heat exchange. A refngerant passage.
switching secuon selectively establishes a first refugerant
passage state for flnwing the refrigerant from the expansion
valve and the first port tn the secnnd port and a second
rcfn crant passage state for flowing the refrigerant from thc
second port to thc first port and the expansion vaivc. Amain
internal heat exchan cr is connected to one of the first and
seconcl porLs from which Lhe refrigerant is dehvered. The
refngerant outlet of. the main internal heat exchanger is
connected tn an inlet nf the cnmpressor

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a schematic view which shows a lirst embodi-
ment of a heat pump type air cnnditioner in a heating
operation according to the present invention;

FIG. 2 is a schematic view which shows Lhe lirst embodi-
ment in a cooling operation;

FIG. 3A is a cross sectional view which shows a first flow
control valve of FIG. I set in an open state;

FIG. 3B is a cross sectional view which shows the first
floiv control valve of I'IG. 2 set in a chnked state;

FIG. 4 is a side view of an orific tube of thc tirst flow
control valve;

FIG. 5 is a graph which shows an operauonal character-
istic of the first tlow control valve;

FIG. 6A is a cross sectional viciv which shows a modi-
fication of the first flow control valve of FIG. 3A sct in an
opetl stale,

I'l(i. 613 is a cross sectional vieiv which shows the first
floiv control valve of I'IG. 313 set in a choked state,l'IG

FIG. 7 is a scheniatic view which shows a scconcl embodi-
ment of. Lhe heat pump type air conditioner in a heaung
operation according Lo the present invenuon,

o
lqG. 5 is a schematic vieiv which shows the second

cmboclimcnt in a coolin operation;
FIG. 9 is a schematic view which shows a third embodi-

ment of the heat pump type air condiuoner in a heaun ~

operation according to the present invention;

FIG. 10 is a schematic view which shows the third
cmbodinicnt in a cooling operation;

FIG. 11 is a schemauc view which shows a fourth
embodiment nf the heat pump type air cnnditioner in a

heating operation accnrding to the present invention;

FIG. 12 is a schematic view which shows thc fourth
embodiment in a cooling operation;

lqG. 13 is a schematic vieiv which shows a fifth embodi-
ment nf the heat pump type air cnnditioner in accordance
ivith thc present invention;

FIG. 14 is a schemauc view which shows a sixth embodi-
ment of the heat pump type air concliuoner in accordance
ivith the present invention;

sn FIG. 15 is a schematic cross sectional view of an auxiliary
internal heat exchanger cmploycd in thc heat pump type air
condiuoner according lo Lhe present invenuon; and

I'1(iS 16A and 1613 are partial schematic views for
explaining the operation nf a four-ivav valve ancl the aux-

"s iliary internal heat exchanger of the sixth embodiment.

DL'TAII.Lt) 1)L'SCRIP'I'ION Olc Tl IL
IN YEN 11ON

Referring to FIGS. I to 6B, there is shown a lirst embodi-
ment of. a heat pump type air concliuoner according to the
present invention.

As shown in FIG. I, thc heat pump type air conditioner is
for a vehicle and has a refrigeration cyck where rcfri crant
discharged from a compressor 2 is supplied to an external
heat exchanger 3, a liquid Lank 4, a refngerant valve unit 5

and an mternal heat exchanger unit E in the order of
mention 'I'he compressor 2 functions to apply workload to
the refrigerant so that the refri erant circulates the refrig-

„,.i oration cycle.
A bypass passage B is clisposcd parallel with thc external

heat cxchan er 3. An inlet encl of thc liypass passage B is
connected to a passage minnecung the compressor 2 and Lhe

external heat exchanger 3. An outlet encl of the bypass
as passage B is connected to a passage connecung the external

heat exchanger 3 and the liquid tank (receiver) 4. A first
sivitching valve Vs, is installed to a refrigerant inlet of the
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external heal exchanger 3 lo selectively supply the refrig-
erant lo the external heal exchanger 3. A Iirst check valve
Vc, is installnl to a rcfrigcrant outlet of thc external heat
cxchangcr 3 so as to limit thc flow of thc refrigerant in a
direction from the external heat exchanger 3 to the liquid
tank 4 A second switching valve Vs. is installed to an inlet
of the bypass passage B to selectively supply the refrigerant
to the bypass passage B. A second check value Vcz is
disposed in the bypass passage li so as to limit a flow of the
refngerant in a direction from the compressor 2 tn the liquid
tank 4. An inlet of thc liquid tank 4 is connected to a
rcfngcrant outlet of thc cxtcrnal heat exchanger 3 throu h
the iirsl check valve Vc, and to the bypass passage B irough
the second checl valve VczAn outlet of. the I&quirt lani 4 is
connected to a first tlow control valve 5a of a refrigerant
valve unit 5. An outlet of the first floiv control valve Sa is
connected to a refngerant inlet of an auxiliary internal heat
cxchangcr Ea of the internal heat exchanger unit E. A
rcfn crant outlet of thc auxiliary internal heat exchanger Ea
is connected lo an inlet of a second flow control valve Sb of.

the refrigerant valve unit 5. An outlet of Ihe aecoml flow
control valve 56 is connected tn a refrigerant inlet of a main
internal heat exchanger Lb of the internal heat exchanger
unit Lh A refrigerant outlet ot'he main internal heat
cxchan cr Eb is conncctcd to a refrigerant inlet of a sub heat
cxchan cr 30. A refrigerant outlet of thc sub heat exchanger
30 is connected to an inlet of. the compressor 2. The sub heal
exchanger 30 is connected lo an engine I of the vehicle so
that the engine coolant circuiates it when the coolant valve
126 is opened The sub heat exchanger 30 installed bet&veen
the main internal heat exchanger L'b and the compressor 2
functions to heat thc refrigerant by means of the en inc
coolant when a coolant valve 12a installed in a passage
connecting Ihe sub heat exchanger 30 and the engine 1 is
opened. This improves the healing performance of. ihe heat
pump type air conditioner by increasing the enthalpy of the
refngerant A heater core 13 is connected to an engine I so
that cooling water of the engine I circulates the heater core
13 when a heater valve 126 installed in a passage connecting
thc hcatcr core 13 and the engine 1 is opcncd.

Thc first and second flow control valves 5a and 5h arc of
two-state sclcctor valve which takes an open state (generally
full open state) by thc turning on of a switch (not shown) for
operattng Ihe lirst internal heat exchanger Sa and lakes a
chol ed state (slightly opening state) by Ihe turning olf of. Ihe
switch By properly controlling the first and second flow
control valves Sa and Sb, the auxiliary and main internal
heat exchangers Ea and I.'b function as a condenser or
evaporator. This enables a desired temperature control with-
out cxccuting a directional switching of thc refrigerant flow
in lhe refrigeration cycle.

As shown in FIGS. 3A and 3B, each of the first and second
flow control valves 5a and Sh is a solenoid valve for
controlling the fiow of Ihe refrigerant by operating a dia-
phragm valve 21 functioning as an opemng-aml-closing
valve of a main port 30 is disposed in a valve bndy 28 'I'he

refngerant flows through the main port 30 ivhen the dia-
phm m valve 21 is put in thc open state. Further, when the
diaphra m valve 21 is put in the close state, the refrigerant
rcstrictcdly flows through a choked portion 31.

Each of thc first and second flow control valves Sa and Sb
is a prcssure rhftercncc operation type solenoid valve and
has a completely same structure. Hereinafter, the first flow
control valve Sa is representatively discussed. The lirsl flow
control valve Sa is constituted by the valve body 28 and an
electromagnetic pilot 40. The valve body 28 has an inlet
connecting port 41 from which the refrigerant is inputted to

Ihe lirst fiow conirol valve Sa and an outlet connecnng port
4Z throu h which lhe refngerant is oulpulted to the auxiliary
internal heat cxchan cr Ea. Thc inlet conncctin port 41 is
connected to an outlet of thc liquid tank 4 through a contluit.
The outlet connecting port 42 is connected to the refrigerant
inlet of the auxiliary internal heat exchan er La through a
coniluil. A diaphragm valve ZI is arrangeil to verucally
displace its valve seal poruon 21a accorrling to a pressure
ditfcrcncc bctwccn a prcssure in a space aliovc the seal

in poruon Zla and a pressure in a space below the seal poruon
21a in FIGS. 3A and 3B. When the diaphragm valve 21 is
moved up, a mam port 30 is opened. An equalizin ~ hole 27
is formed at a peripheral portion of the diaphragm valve 21
to communicate the upper space of the diaphragm valve 21

is, with the high-prcssure sirlc. A pilot port 22 is formed in thc
valve body 28 so as to direct thc refrignant passcrl through
Ihe equalizing hole Z7 toward the outlet connectin ~ port 42

The clcctroma nctic pilot 40 comprises a pilot valve 29
for opening and closing thc pilot port 22, a plunger 26 for
operating the pilot valve Z9 and a coil 24 for generaung
eleclromagnenc power to move up the plunger 26. The
plunger 26 is pushed in the doivnward direction by a spring
25 installed bet&veen an upper end of the plunger 26 and an

upper surface defining a space surrounded by the coil 24
,,- Thc pilot valve 29 is upivardly supportcrl by a supporting

spring 43 so as to open thc pilot port 22. Thncforc, when the
eleclromagneuc pilot 40 is tumed on, lhe plunger 26 is
moved upward against the pushing force of the spnng 25 so
that a pilot needle 23 connected to the plunger 26 stops
pushing the pilot valve 29 to open the plot passage 22 On
the other hand, ivhen the electromagnet(c pilnt 40 is turned
ofl', the plunger 26 is positioned at a lower position by thc
pushin force of thc spring 25 so that thc pilot nccdlc pushes
Ihe pilot valve Z9 to close the pilot port ZZ.

Thc choked portion 31 is disposed in the main port 20 so
as to restrictcdly communicate the high pressure side
(upstream side) of. the duiphragm valve 21 and the low-
pressure side (downstream side) of Ihe diaphragm valve 21
in the main port 30 The choked portion 31 is constituted by
tixedly installing an oritice tube 31a shown m 11G 4 at a
partition wall 30a sharin the hi h-pressure side and thc
low-prcssure side in thc main port 30. The onficc tube 31a
has a len th L and an inner diameter D as shown in FIG 4.
The orifice lube 31a is disposed in parallel with a direcuon
from Ihe mlet connecting port 41 lo the outlet connecting
port 42, as shoivn in I l(IS. 3A and 3B Therefore, according
to the turning ON and Ol'I'f the coil 24 of the electro-
magnetic pilot 40, the tirst tlow control valve 5a selectively
takes an open state anil a choked state as shown liy a graph

s,& of FIG. 5. Further, by varying thc length L and the inner
diameter D, Ihe flow rate in the choked slate is changed.

Since the structure and function of thc second flow control
valve 5h is as same as those of thc first flow control valve
Sa, the explanation thereof. is omitted herein.

As shoivn in FIGS. 1 and 2, the heat pump type air
condiuoner further compnses a unit case 10 including an air
duct 14 Ihrough which conililioned air is supphed to a

passenger compartment of Ihe vehicle Atr to be comhtioned
is fed from an air intake unit 11 including a fan 111, a motor
IIM and an intake door (not shown) into the air duct 14 by
thc operation of thc t'an IIF rlrivcn by thc motor 11M Thc
air fcd by the fan 11F is conditioncrl by thc main anil
aux&fary internal heal exchangers Eb anil Ea, an air-mix
door 15 and a heat core 13 which are disposerl in the air duct

as 14 in the order of. mention. The main and auxiliary internal
heat exchangers Lb and L(a are oppositely and adjacently
disposed in the air duct 14 An outlet portion nf the air duct
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14 is thvided into various outlets 17 such as a riefrosler outlet
17d, a vent outlet 17v and a fool outlet 17/.

With reference to lqGB I and 2, the manner of operation
of the first embodiment of the heat pmnp type air conditioner
according to the present invention wifl be discussed here-
inafter.

I(eating Operatioii

When the heating operation ot'he air cnnditioner is
started in a condition that nutside air temperature generally
ranges from -Hl'. to +5'. or condition that thc engine
coolant of thc cn inc 1 is too cold to bc utilized in the
heaung operation by the air condiuoner such as in a case, of
irfling or low-load comhtion of the engine 1 just after Ihe.

starting of the engine I, the first sivitching valve Vs, is
closed (fufl close state) and the second switching valve Vs
is opened (full open state) I'urther, the first tloiv control
valve Su is sct in an open state and thc second flow control
valve 5h is sct in a choked state by turning on a switch (not
shown) for operating the auxiliary internal heat exchanger
Ea as a condenser. As shown in FILL 3A. by turning on Ihe
coil 24 of the first flow control valve Sa. the plunger 26 is
moved up by the electromagnetic force generated at the coil
24 to set the pilot valve 29 in a free state I'herefore, the
high-prcssure rcfri crant (pressure PH) inputted from the
first connecting port 41 as indicated by an arroiv is delivered
to a diaphragm chamber 33 through Ihe equalizing hole Z7
of the diaphragm valve 21. At this lime, it is assumed that Ihe.

pressure in the diaphragm chamber 33 is PM I'he refrigerant
in the diaphragm chamber 33 is delivered to the pilot port 22
thrnugh a portion around the piint valve 29. It is assumed
that thc prcssure at an upstream portion of the second
connecting port is PL. Since thc first flow control valve Sn
is arranged such that the cross sectional area of the equal-
izing pressure hole 27 ts conmderably smaller than Ihe cross
sectinnal area of the opening portion of the piint valve 29,
the pressure PM of the inputted high-pressure refrigerant is
greater than the pressure at the diaphragm chamber 33
(PH&PM) anti the prcssure PM is gcneraily equal to the
prcssure PL. Thercforc, thc pressure (combination of PH and
PL) at a lover portion of the diaphragm valve 21 becomes
greater than the pressure PM al an upper portion of. Ihe.

diaphragm valve 21 'I'herefnre, the diaphragm valve 21 is
moved up according tn this pressure difFerence sn as tn open
the main port 30 As a result, the first floiv control valve Sn
is sct in an open state.

Under this cnndition, hy the operating the compressor 2,
the high-temperature and high-pressure refrigerant is deliv-
crcd to thc auxiliary internai heat exchanger Ea through the
bypass passage B, thc liquid tank 4 and the first floiv control
valve Sa set in Ihe open state. In this comhuon, Ihe refrig-
erant merelv passes through the liquid tank 4.

Thcrcforc. air passing through thc auxiliary internal heat
exchanger Ea is healeri by Ihe refrigerant so as to improve
the heating characteristic of. Ihe air comhlioner. The
refngerant, which discharged energy at the auxiliary internal
heat exchanger Lia, is liquidized hy this heat transfer in some
dcgrcc Thc refrigerant passed through the auxiiiary internal
hest cxchangcr Ea is rcstrictedly suppiied into thc main
internal heat cxchangcr Eb throu h thc second flow control
valve Sb set in the chol ed state to oblige the refngeranl to
tmiiabatic expansion. That is, the refrigerant absorbs heal and
vapnrizes This cools the main internal heat exchanger L'h

and the air passing through the main internal heat exchanger
Eb.

Accordingly. the air delivered hy the fan II I 's cnoled and
dehumidified at the main internal heat exchanger Lih and is

heated by the auxiliary internal heat exchanger Ea. This air
conditioning operation corresponds tn a dehumidifying and
heating operation Lven ivhen the engine coolant is tno rnid
to he utilized in the heatin operatinn fnr heating air, the air
to he delivered to the passen cr compartment is heated by
circulating thc refrigerant through thc auxiliary internal heat
exchanger Ea since the refrigerant has a charactensuc to be
easily aml quickly heated and pressurized within a relauvely
short time period. Therefore, the heat pump type air condi-
tioner according to the present invention performs a high
and quick heating performance.

The refrigerant discharged from lhe main internal heal
exchanger Eb is heated Ihrough the sub heat exchanger 30 by
Ihe engine coolant voi as lo be completely vaponzed. Then,
the vaporized refrigerant is returned to the compressor 2
Although the engine coolant is too cold to heat the air to be
conditioncrl, it has thc cnthalpy for vapowzing thc cold
rcfri erant. Thcrcforc, the refrigerant from thc main internal
heat exchanger Eb is almost completely vaporized through
Ihe sub heal exchanger 30 by Ihe heat transfer between the
refwgeranl and the engine coolant. This prevents the com-
pressor 2 from compressing the liquid refri erant and there-
fore avoids the breakage of parts of the compressor 2

Further, since the heat of thc cnginc coolant is cifcctivcly
transferred lo lhe relngeranl by healing the refingerant at the
sub heal exchanger 30, the healeil refrigerant is further
heated hy the compressor 2 so as tn further increase the
enthalpy of the refri erant. Therefore, the temperature of the
air heated hy the further heated refrigerant at the auxihary

I) internal heat exchanger Ea is raiscrl to a rclativcly high
tcmpcraturc.

Although Ihe healer core 13 is arranged to circulate the
engine coolant to heat the air to be supplied to the passenger
compartment, it is necessary that the temperature of the
cn inc coolant is incrcascd by the operation of thc engine 1

so as to hccomc applicable for heating thc air. Accordingly,
uniil Lhe temperature of Ihe engine coolant is raised lo a
predetermined temperature preferable for heating the air, the
healer valve 1Zb is closed or Ihe air mix door 15 is set at a

predetermined position so that the conditioned air bypasses
the heater core 13

With this arrangcmcnt of thc heat pump type air conrli-
tioner according lo the present invention, the air delivered to
Ihe air duct 14 is dehumidflietl al lhe main internal heal
exchanger Lb and is heated at the auxiliary internal heat
exchanger L'a Therefore, highly heated air is delivered to the
passenger compartment. Irurther, even if the heating opera-
tion is executed under an internal air circulation mode of thc

so air conditioner, thc dchumidificd hot air is dchvcrcd to thc
passenger compartment is dehumidilied hot air. Therei'ore, a
front glass of lhe vehicle is kept in a defogged conduion
This improves the de ree of the safety under a vehicle
driving condition

When thc heating operation of the air conditioner is
executed under a condition that outside air temperature
generally ranges from +5'. to +15'. or conihuon that the
engme 1 is operated in a relative high-load, the temperature
of the engine coolant becomes hi h sn as to be utilized at the
heater core 13 in the heating nperation nf the air conditioner
Thcrcforc, in this condition it is not necessary to cxccutc thc
heatin operation hy using thc rcfrignant cncrgizcd by thc
compressor 2. Accorihngly, in Ibis comhtion the operauon of
Ihe compresmir 2 is stoppeil by cubing the connecuon

as between the engine 1 and the compressor 2. More
particularly, a clutch, throu h ivhich the engine I and the
compressor 2 is connected, is released 'I'his operation
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decreases the loml apphed Io Ihe eng&ne I aml enables Ihe.

heating operation to l&e executed in energy saving mode

Coohng Opera&&on

When the cooling operation of the air conditioner is
cxccutcd under a condition that thc outside air temperature
generally ranges from +15', to +30'., the first switching
valve Vs, is opcncd and thc second switching valve Vs. is
closed. Further, the lirst flow control valve Sa is set &n Ihe
chol ed state, anil the second flow control valve Sb &s set in
the open state As shown in 11G. 3I3, by turning off the coil
24 of the first floiv control valve 5a, the plunger 26 is moved
down by thc spring 29 to sct thc pilnt valve 29 in a closed
state. Thcrcforc, thc hi h-pressure refrigerant (prcssure PH)
inputtcrl from thc first conncctin port 41 as indicated by an
arrow is del&vered Io a d&aphragm chamber 33 through Ihe.

equal&z&ng hole 27 of the d&aphragm valve 21. At Ih&s Lime,
&t &s assume&i that the pressure in the diaphragm chamber 33
&s PM ho&vever. since the pilot valve 29 is set in the closed
state, thc rcfrigcrant in the diaphragm chamber 33 is not
dclivcrcd to thc pilot port 22 and the force fnr pushing dnwn
thc pilot valve 29 is further increased. Thcrefnre, the pres-
sure PH becomes generally equal to Ihe pressure PM anil Ihe
pressure PM becomes greater than the pressure PL.
Accordingly, the pressure (combination nf Pll and Plfl at a
lower portion of the diaphragm valve 21 becomes smaller
than thc prcssure PM at an upper pnrtion of thc diaphragni
valve 21. Therefore, thc diaphragm valve 21 is moved down
accordin to this prcssure diffcrencc to ciosc thc main port
30. As a result, Ihe Iirst flow control valve Sa &s set &n an
chol'ml state.

liy this valve setting, the refrigerant discharged from the
compressor 2 is rlclivcrcd to thc cxtcrnai heat cxchan cr 3
through thc first switching vaivc Vs„as shown in FIG. 2.
The external heal exchanger 3 cools and hqu&ihzes Ihe.

relngerant. The refrigerant put &n the low-temperature and
high-pressure state is temporally stored in the hqu&d Lank 4.
I'hen, the refrigerant is restrictedly supplied to the auxiliary
internal heat exchanger Ea through the first floiv control
valve Sa sct in a choked state to nl&ligc thc refrigerant to
arliabatic expansion. The refrigerant passed through thc
aux&fary internal heat exchanger Ea &s supphed Io ihe main
internal heat exchanger Eb through the second flow control
valve Sb set in Ihe open stale. The ma&n internal heat
exchanger L'b further vaporixes the refrigerant I'herefore,
the air delivererl from the fan IIF is first cnoled at the main
internal heat cxchangcr Eb and further cooled at thc auxil-
iary internal heat cxchangcr Ea.

In case that the outsirle air temperature generally ranges
from +IS' tn +20'., the temperature of the conditioned
air is controlled by changing the opening degree nf the air
mix door 15 located upstream of the heat core 13 to avoid
cxccssivc coolin of thc air. Morc particularly, the opening
dcgrcc of thc air mix door 15 is cnntrniled to properly divide
the a&r cooled by the ma&n and aux&luiry internal heat
exchangers Sb and Sa such that part of Ihe air passes ihrough
the heater core 13 to be reheated l&y the heater core 13 and
other part of the air is delivered to a bypass passage 14b of
thc air duct 14. Thcreaftcr, thc air heated by thc heat cnrc 13
anil thc cool air passed throu h thc bypass passage are mixed
to adiust thc tcmpcraturc of the conditioned air at a dcsircd
temperature and Io be delivered Io Ihe passenger compart-
ment through the selected outleLs 17d, 17&, 17/ of. the air duct
14

In case that the nutside air temperature is higher than
about +30'., the first switching valve Vs, is npened, and

Ihe second switch&n ~ valve Vs- &s closed. Further, the iirst
flow control valve 5a is choked and the second tlow control
valve 5b is opened

l3y this valve settin, the medium-temperature and hi h-
pressurc rcfrigcrant discharged from thc liquirl tank 4 is
rcstrictedly supplied to thc auxiliary internal heat cxchan cr
Ea through the lira& flow control valve 5a set in the choked
sta&e Lo obhge Lhe refngerant to adiabatic expans&on. The
refmgerant from Lhe aux&liary internal heat exchanger Ea &s

supplied to the main internal heat exchan er Lb thrnugh the
second tlniv contrnl valve 5b set in the open state so that the
main internal heat cxchangcr Eb functions as an evaporator
to cool thc air flowing thcrethrough.

Accordingly, thc air rlclivered from the fan llF is first
cooled and dehum&d&fied at Lhe ma&n internal heat exchanger
Eb and is further cooled at the auxihary in&ernal heat
exchanger L'a.

11GS 6A and 6I3 she&vs a mndification of the first flow
cnntrnl valve 5a shown in I I(IS. 3A and 3I3. This flow

o'ontrol valve shown in FIGS. 6A and 6B is arranged such
that a choked portion 45 is intcgrafly providerl with a valve
body 28 by forming a through hole at a partition wall 30a as
shown &n FIGS. 6A aml 6B. FIG. 6A shows an open state of
Ihe lira& flow control valve Sa, and FIG. 6b shows a choked
state therenf I'urther, parts and elements as same as those of
Fl(iS 3A and 333 are designated by the same reference
numerals and the explanation thereof is omitted hcrcin.

Rcfcrring to FIGS. 7 anil 8, there is shown a second

... cmbodinicnt of thc heat pump type air condition according
Io Lhe preseni invention. The construction ol. the second
embodiment is generally s&miler to that of Ihe lirst embodi-
ment except that the lira& and &econ&i switch&ng valves Ts,
and Ts. are replaced ivith a fnur-way valve 6 and a return
passage R and that the secnnd tlmv cnntrnl valve 5b is
replaced with an expansion valve Sc.

In general, after the stopping of the air cond&tioner, part of
the refrigerant is remained in each compnnent cnnstituting
the rcfri cration cycle of thc air conditioner without return-

&a ing to thc compressor 3. If the compressor 3 is restarted
umler such refmgerant poor comhtion for the heann ~

operanon, Ihe circulation of. Ihe refrigerant becomes insuf-
licient and degrades the heating performance of the air
cnnditioner 'I'herefnre, it is preferable to nnce return the

js refrigerant remained in each cnmponent such as the external
heat exchanger 3 to the compressor 2 bcforc the starting of
thc compressor 2.

The second embndiment of the heat pump type air con-
ditioner according to the prcscnt invention comprises thc

s,& four-way valve 6 dispose&I bctwccn thc compressor 3 and thc
external heat exchanger 3 aml Ihe return passage R connect-
mg the ref&ugerant mlet of Ihe external heal exchanger 3 with
the inlet of the compressor 2 through the fnur-way valve 6

and a third check valve Vc„ in order to return the refrigerant
remained in the external heat exchanger 3 thrnugh the return
passage R to thc conipressor 2.

The fnur-way valve 6 comprises a sealed case 7 hav&ng an
inlet port Pi anil three outlet ports Po„Po anil Poa A slide
men&her S for fluidly conimunicating two ports of the thrcc

ati outlet ports Po,. Poe and Po, it rlisposcrl in thc sealed case
7. The four-way valve 6 is arranged to communicate the inlet
port P& with one outlet port except for the outlet ports Poo
Poe, Po& selected by the slide member S

Accord&ngly. when Lhe heatmg operation is starteil upon
as setting Lhe four-way valve 6 as shown in FIG. 7, the &ale&of

the compressor 2 is tluidly communicated with the external
heat exchanger 3 through the return passage R. 'I'his fluid
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communication enables the compressor 2 lo return Ihe.

refrigerant remained in the external heat exchanger 3
Accnrdingly the amount of the refrigerant discharged from
the compressor 2 is increased, and therefore the air condi-
tioner maintains its heating performance.

The expansion valve Sc ts of a temperature control type.
which has been wulely used. This expanruon valve 5(
arranged to finely control the opening degree thereof accord-
ing to a temperature of an outlet refrigerant temperature of
thc main internal heat cxchangcr Eb through a not-shown
tcmpcraturc sensing cyiindrr connected with thc expansion
valve Sc. This line control of Ihe opening degree enables Ihe
flow rate of the refrigerant lo be linely controlleri. That is,
when the outlet refngeranl temperature oi. Ihe mmn internal
heat exchanger Lli becomes lnw, the expansinn valve 5c
decreases its opening degree to restrict the floiv rate of the
rcfngcrant. When it becomes high, the expansion valve Sc
incrcascs its opening dcgrcc to increase thr flow rate of the
reingeranl to Ihe main internal heat exchanger Eb. These.
operations of the expansion valve Sc iuncuon to keep a
temperature (hlference between the vapomzing temperature.
of the refrigerant m the main internal heat exchanger L)b and
the outlet refrigerant temperature of the main internal heat
cxchangcr Eb constant.

By using a seleclable flow control valve aml a temperature.
control type expanruon valve, it becomes possible lo cer-
tamly execute the dehumidifying and heating operation
I'his enables the heating operation in the internal circulation
mode vvithout generating fngging of the frnnt ivindow
Thcrcforc, the tlcgrrc of the safety under thc vehicle driving
condition is improved by this arranged air conditioner.
Further, since Ihe temperature control type expanruon valve
Sc is arranged to vary ils opening degree accorriing to Ihe
outlet refrigerant temperature of the main internal heat
exchanger Lqi, the refrigerant control is finel executed

Heating Operatinn

When thc heating operation is executed under a condition
that thc outside air tcmpcraturc enrrafly ran es front — 10'

to +5', the four-way valve 6 ts set at a heating slate.
such that the refrigerant discharged from Ihe compressor 2
is directly delivered to the liquid tank 4 withnut floiving
thrnugh the external heat exchanger 3 and that the remained
refrigerant in the external heat exchanger 3 is returned to the
compressor 2 through thr return passage R, as shown in FIG.
7 Simultaneously, thc first flow control valve Sn is opened
and Ihe expansion valve Sc is sel in an operation mode..

Under Ibis conriition, by operating the compressor 2. Ihe
high-temperature and high-pressure reingerant is sufli-
ciently flowerl into the auxiliary internal heat exchanger La
through the bvpass passage Il, the liquid tank 4, and the first
flow control valve 5a sct in thc open state, as is the same as
that in thc first cmbodimcnt.

Thcrcforc, air passing through the auxiliary internal heat
exchanger Ea is healed by Ihe refrigerant so as lo improve.
the heating characteristic of Ihe air comhtioner. The.
reingeranl, which (hscharges energy in the auxiliary internal
heat exchanger L)a, is liquidized by this heat transfer in snme
degree The refrigerant passed through the auxiliary internal
heat cxchan cr Ea is rcstrictrdly supplied into the niain
internal heat exchanger Eb through thc expansion valve 5c
sel in the operation mode to oblige Ihe refrigerant lo adia-
battc expansion. Since the expansion valve Sc is of Ihe
temperature control type, the opening degree thereof is
adjusted at a predetermined opening degree according tn the
outlet refrigerant temperature of the main internal heat

exchanger Eb. That is, when the outlet refngerant tempera-
ture of the main internal heat exchanger Lb is lowered, the
opening degree is decreased to restrictedly flow the refrig-
erant

Accorihngly, the air delivered from the lan IIF is cooled
and dehumidiiied at Ihe main internal heat exchanger Eb and
is healeil by the auxiliary internal beat exchanger Ea. This air
conditioning operation corresponds to a dehum(d(fying and
heating operation

iu When thc heating operation is cxccuted untlcr a condition
that the outside air temperature generally ranges from +5'
lo +15'., as is lhe same as thai in the lirst embodiment, the
heating operation is executed only by the heater core 13

ivithout operating the compressor 2.
15

Cooing Operauon

W'hen the coolin ~ operauon is execu teil uniler a condiuon
thai lhe outside air temperature generally ranges from +15'
C. Io +30'., Ihe four-way valve 6 is set al a cooling state
so that the refri erant discharged from the compressor 2 is
delivered to the external heat exchanger 3 iv(thout flowing
throu h the bypass passage B anil that thc rcmainctl refrig-
erant in thc bypass passe c B is returned to the compressor

zs 2 through the return passage R, as shown in FIG g.
Simultaneously, Ihe lirsl flow m)nlrol valve 56 is set in a

choled state and Ihe expansion valve 5c is set in an
operation mode so an to control its valve open(ng degree

By this valve setting, thc refrigerant discharged from thc
so compressor 2 is delivered to the extcmal heat cxchangcr 3

Ihrough lhe four-way valve 6, as shown in FIG. 8. The
external heat exchanger 3 cools anil liquidizes the reinger-
ant The refrigerant put in the loiv-temperature and high-
pressure state by the external heat exchanger 3 is temporally

55 stored in the liquid tank 4. Then, the refrigerant is restrict-
cdly supplied to the auxiliary internal heat exchanger Ea
throu h the first flovv control valve 5u set in thc choked state
lo oblige the refngeranl to adiabauc expansion. The refrig-
erant passed through Ihe aux)fary mternal heat exchanger

xu La is supplied to the main internal heat exchan er Ll)

through the expansion valve 5c set in the operation mode
The main internal heat exchanger Lb further vapnrivcs the
rcfri crant. Thcrcforc, thc air dcliverctl from thc fan IIF is
first cooled at thc main internal heat cxchan cr Eb anil

65 further cooled al lhe aux)fary internal heal exchanger Ea.

When the outside air temperature is higher than +30':.,
the cooling operation is executed as is enerally the same as
that within the ran e +15'. to +30''..

Referring to FIGS. 9 and 10, there is shown a third
50

embodiment ol Ihe heat pump type air comhtioner accorthn ~

to the present invention The construction of the third
embodiment is generally similar to that of the second
embotlimcnt cxccpt that an accx(muiator 20 is tlisposcd at a
rcfri crant passage connecting thc sub heat cxchangcr 30
anil the compressor anil that thc liquid tank 4 is rcmovcrl
from lhe reliugeration cycle, as shown in FIGS. 9 and Hl.
Further, the electromagneuc valve explained in the iirsl
embodiment is employed as the tirst and second flow control
valve Su and 56 in this third embodiment.

(o
The manner of operation of the third cml)odiment of thc

heal pump type air conilitioner accoriling to lhe present
invention will be discussed hereinafter.

Healing Operation
65

When the heating operation of the a(r conditinner is
started in a condition that outside air temperature generally
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ranges from —10'. Io +5'. or condition that the en ine.

coolant of Ihe engine 1 is loo cold to be utihzed in Ihe
heating operation by thc air conditioner such as in a case of
idling or low-load condition of thc engine 1 just after thc
starting ot'he engine I, the four-way valve 6 is set to fluidly
communicate the outlet of the compressor 2 and the bypass
passage B aml lo fluidly communicate the external heat
exchanger 3 anti the refrigerant inlet of. Ihe compressor 2 to
form a return passage R, as shovvn in FI(L 9.
Simultaneously, Ihe first flow control valve So is sel in an
open slate anti the seconri flow control valve Sb is sel in a
chol ed slate.

Under Ibis condition, by Ihe operation of the impresser
2 the high-temperature anil high-pressure refrigerant
flowed into the auxiliary internal heat exchanger L'a through
the bypass passage B and the first flow control valve Sa set
in the npen state Therefore, air passing through the auxiliary
internal heat exchanger Ea is heated l&y thc rcfri erant so as
to Improve thc heating characteristic of thc air conditioner.
The refrigerant, which discharged energy in the auxiliary
internal heat exchanger Ea, is liquid)lied by Ihts heal transfer
in some degree I'he refrigerant passed thrnuoh the auxiliary
internal heat exchanger L'a is restrictedly supplied into the
main internal heat exchanger Lb through the second flow
control valve 5h sct in the choked state to oblige the
rcfngcrant to adiabatic expansion. That is, the refrigerant
absorbs heal and vaponzes lo cool the main internal heal
exchanger Eb and air pastnng through the main internal heal
exchanger L'b

Accordingly, the air delivered from the lan 1IF is cooleri
and ilehumidiiied at the main internal heat exchanger Eb anil
is heated by the auxiliary internal heat exchanger La This air
conditioning operation cnrresponds tn a dehmnidifying and
heating operation. Even in a case that thc engine coolant
cannot bc utilized in thc heating operation duc to the cold
condition of thc coolant, thc air delivered to thc passenger
compartment is heated through the auxiliary internal heal
exchanger Ea by Ihe refrigerant which ts able to be healed
and pressurized ivithin a relatively short time period

The refngeranl riischarged irom Ihe mmn internal heat
exchanger Eb is healeri through Ihe sub heal exchanger 13 by
the engine coolant sn as to completely vapnrized Although
the engine coolant is too cold to heat the air tn be condition,
it has thc cnthalpy for vaporizing thc coid rcfrigcrant
Thcrcforc, thc rcfrigcrant from thc main internal heat
cxchan cr Eb is almost completely vaporized throu h the
sub heat exchanger 30 by Ihe heat transfer between Ihe.

reingeranl and Ihe engine coolant. Further, the refrigerant
vapnrized at the sub heat exchanger 30 is separated from the
liquid refrigerant at the accmnulator 20. This prevents the
compressor 2 from compressin thc liquid refrigerant so as
to avoid thc brcakagc of parts of thc conipressor 2. Since thc
heat of thc engine coolant is cflcctiveiy transferred to thc
refngeranl by heating the refrigerant through the sub heat
exchanger 30, Ihe healed refrigerant is further heated by Ihe
compressnr 2 so as tn further increase the enthalpy of the
refngerant 'I'herefore, the air heated by the further heated
rcfngcrant through thc auxiliary internal heat exchanger Ea
ts hcatcd to raise its temperature at a relativciy high teni-
pcraturc.

Although thc hcatcr core 13 is arran ed to circulate thc
cnginc coolant to heat thc air to bc supplied to thc passcngcr
compartment, it is necessary that Ihe lemperalure of Ihe
engine coolant is increaseri by the operation of the engine 1

so as to be applicable lo heat Ihe air. Accordingly, until Ihe
temperature of the engine coolant is raised to a predeter-
mined temperature preferable for heating the air, the heater

valve 12b is closed or the air mix door 15 is set at a

predetermined position so that the conditioned air bypasses
the heater core 13

With this arran cmcnt of thc air conditioner, the air
delivered into the air duct 14 is dehumitiiiied at the main
mlernal heat exchanger Eb anil is heated at the auxiliary
mlernal heal exchanger Ea. Therefore, highly heateil air is
delivered to the passenger compartment l)urther, even if the
heating operation is executed under an internal air circula-

'" tion mode, since thc air dclivcrcrl to thc passcngcr compart-
ment is dchumidificd hot air, a front glass of thc vchiclc is
I epl in a defo ged condinon. This improves lhe degree of
Ihe safety under a vehicle tlnving.

When the heating operation of the air conditioner is
is execu)ted under a condition that outsirlc air tcmperaturc

generally ran es from +50', to +IS', or conrhtion that
thc cn inc 1 is operated in a relative high-load condition, thc
en one coolant becomes high so as to be uulized in lhe
heanng operation of. the air contiitioner. Therefore, in this

o condition it is not necessary to execute the heating operation
by using the refrigerant energized by the compressor 2
Accordingly, in this condition the operation of the compres-
sor 2 is stopped by cutting the connection bctwccn thc
engine 1 and the compressor 2. More particularly, a clutch
through which Ihe engine 1 aml the compressor 2 is con-
nected ts released. This operauon decreases Ihe load applied
to the engine I and enables the heating operation to be
executed in energy savin mode.

Cooling Operation

When the cooling operation of thc air conrlitioner is
execu)ted under a condition that thc outsirlc air tcmperaturc
generally ranges Irom +15'. to +30'., the lour-way
valve 6 is set to fluidly communicate the outlet of ihe
compressor 2 with the external heat exchanger 3 and to
fluidly communicate the bypass passage 0 with the mlet of
the compressor 2 to form the return passa e R.
Simultaneously, thc first flow control valve 5n is sct in a

so choked state anil thc second floiv control valve 5(& is sct in
an open stale.

By this valve eaning. the refrigerant discharged from the
compressor 2 is dehvered lo Ihe external heat exchanger 3
through the four-ivay valve 6, as shown in l)I(i. 10 The

js external heat exchanger 3 cools and liquidizes the refnger-
ant. Thc rcfri crant put in thc low-tempcraturc anil high-
pressurc state is rcstrictediy supplied to the auxiliary internal
heat cxchangcr Ea through thc first flow control valve 5a sct
in lhe choked slate lo oblige the refrigerant to aihabatw.

so expansion. The refwgeranl passetl through the auxiliary
internal heat exchanger La is supplied to the main internal
heat exchanger L'b through the second tlow control valve Sb
sct in the open state. The main internal heat exchanger Eb
further vaporizcs thc refrigerant. Therefore, thc air delivered
from thc fan 11F is first cooled at thc main internal heat
exchanger Eb and iurlher cooled at lhe auxiliary internal
heat exchanger Ea.

However, in case that the ou(side air temperature gener-
ally ranges from +IS' to +20', the temperature of the

R) air is controlled by chan in the opening de ree of the air
mix door 15 located upstream of thc heat core 13 to avoirl
excessive cooling of the air. Morc particularly, thc opening
de ree of the air mix door 15 is controlled to properly divide
Ihe air cooled by the main aml auxihary internal heal

as exchangers 5b and Srt such that part of(he air passes through
the heater core 13 to be reheated by the heater core 13 and
other part of the air is delivered to a bypass passage of the
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air duct 14. Thereafter, the air heated by Ihe heal mre 13 and
the encl air passed through the bypass passage are mixed to
lie adjust the temperature nf the air at a desired temperature
and dehvered to the passenger compartment through the
sclcctcd outlets 17d, 17v, 17f of thc air duct 14.

In case that the outside air temperature is higher than
about +30', Ihe lour-way valve 6 is set in the cooling
state, and the first flow control valves Su is set in the choked
state and the secnnd flow control valve 5b is set in the open
state, an is thc same as the setting in the condition that thc
outside tcmpcraturc ranges front +15'. to +20'.
However, Ihe heater care 13 to not u seri. Thai uu ihe opening
degree of the air mix rioor IS is controlled so as not io
deltver the air cooled by Ihe main anil auxiliary internal heat
exchangers Sb and 5u to the heat core 13, or tn clnse the
heater valve 12b.

By this valve setting, thc medium-temperature and high-
pressure refngerant ihachargeri from the liquid lank 4 is
restricledly supplieri Io Ihe auxiliary internal heal exchanger
La through the tirst floiv cnotrni valve Su set in the choked
state to olilige the refrigerant to adiabatic expansion. 'I'he

refngerant frnm the auxiliary internal heat exchanger Ea is
supplied to thc main internal heat exchanger Eb through the
second flow control valve 5b sct in thc open state to function
as atl evapiiralor.

Referring tn FIGS 11 and 12, there is shown a fnurth
embodiment nf the heat pump type air conditioner accnrding
to thc present invention.

The Riurlh embodiment of the heal pump type air condi-
tioner according lo Ihe present invenuon further mmprises
another air cnnrlitioning unit fnr air-conditioning a rear seat
side of the vehicle. As shnwn in HGS. 11 and 12, the peat
pump type air conditioner of the fourth embodiment coni-
priscs a first rcfngcration cycle for executing thc air-
conditiomn of thc front scat portion (hcreinaftcr, calling as
a front sale) in the passenger compartment having a rela-
tively large space and a second reingeration cycle for
executing the air-conditioning nf the rear seat portion
(hereinafter, calling as a rear side) in the passenger com-
partment Thc first refrigeration cycle is as same as thc
rcfn cration cycle of the third embodiment. Thc second
rcfn cration cycle is arranged such that the refrigerant
discharged from the compressor 2 is delivered lo ihe external
heal exchanger 3, a rear refngerant valve uni(50 anil a rear
internal heat exchanger unit Lir. I'he first refrigeratinn cycle
executes the air conditioning ot'he front side, and the
second refrigeration cycle executes the air condition of the
rear scat side. Thc air conditioner of this type is so called a
dual air conditioner. Since thc basic construction of thc first
refrigeration cycle is as same as that of the third
emboihment, the explanation of. the s construcuon and Ihe.

functions ot'he first refrigeration cycle of thin four embodi-
ment is omitted herein The construction nf the second
refrigeratinn cycle ot'he fourth embodiment ivill be dis-
cussed hcrcinaftcr.

The rear refngerani valve unit 50 includes fatal aml second
flow control valves 5Uu aml 505. The rear internal heat
exchanger unit Lir includes a rear auxiliary internal heat
exchanger Lira and a rear main internal heat exchanger L'rb

Thc rear rcfrigcrant valve unit 50 and the rear internal heat
cxchangcr unit Er arc connected to a connecting point CPI
between the refrigerant outlet of the external heal exchanger
4 aml Ihe outlet of Ihe bypass passage B. The refrigerant
outlet of Ihe rear main internal heat exchanger Erb is
connected to the refrigerant inlet of the sub heat exchanger
30 at a second cnnnecting point CP2. More particularly, the

rear lira( flow control valve 50u, Ihe rear auxdiary internal
heat exchan er Era, Ihe rear semind flow control valve SUb,
and thc rear main internal heat exchanger Erb arc serially
arran cd in thc order of mention.

The rear first and rear second internal heat exchangers Lra
and Lrb change their functions into an evaporator or con-
dcnscr according to thc setting thcrcof. The rear first and rear
second flow control valves 50a anil Sflb are thc same as the
Iirsl and secoml flow minlrol valves Sn and 5b of the
eleclromagneiic valve lype. The rear auxiliary internal heal
exchanger Lra and the rear main internal heat exchan er L'rh

are oppositely and adjacently disposed in a unit case 100 for
the rear sides as is similar as that in the unit case 10 for the
front side. The outlet portion of thc umt case 100 has various
outlet ports 170 such as a foot outlet 170f and a vent outlet
170i:

Thc manner of operation of thc fourth cmborlimcnt of thc
heat punip type air conrlitioner accorrling to the present
mvenuon will be discussed hereinafter.

o
Heating Operation

When thc heating operation is started in a condition that
ou(side air temperature generally ranges from —10'. Io+5'.

or condition that Ihe engine coolant of Ihe engine 1 is too
cold to be utilized in the heating operation such as in an
idling or low-load condition of the en ine I just after the
starting of thc cnginc 1, thc four-way valve 6 is sct to fluidly
communicate the outlet of thc compressor 2 anil the bypass
passage B and to fluirlly communicate the cxtcrnal heat
exchanger 3 aml the inlet of. the compressor 2 to form a
return passage R, as shown in FIG. 11. Simultaneously, ihe
first flow control valve 5a and the rear first flow control
valve 50u are set in the open state, and the second flow
control valve 5b anil thc rear second flow control valve Sflb
are sct in thc choked state.

Under this condition, by operatin the compressor 2 the
hi h-tcmpcrature and high-prcssure rcfrigcrant is flovvrl
into the auxiliary internal heat exchangtm Ea through thc
bypass passage B and the Iirst tlow control valve Su sei in

so Ihe open stale. Simultaneously, the high-temperature and
hi h-pressure refrigerant is flowed into the rear auxiliary
internal heat exchanger Lra through the bypass passage 0
and the rear hrst floiv control valve 50u set in the open state
Therefore, air passing through the auxiliary internal heat

as cxchan er Ea is heated Iiy thc refrigerant so as to improve
the heating characteristic of the air conrlitioner Further, air
passing throu h Ihe rear auxiliary internal heat exchanger
Era is healed by ihe refrigerant so as to improve the heaun ~

characteristic of the air conditioner The refrigerant, which
discharged energy in the auxiliary internal heat exchanger
Ea, is liquidized by this heat transfer in some dc rcc. Thc
refrigerant passed through thc auxiliary internal heat
cxchan cr Ea is restrictedly supplied into thc main internal
heat exchanger Eb through Ihe second flow control valve Sb
sel in the choked slate io oblige the refrigerant to aihabatw.
expansion. Simultaneously, the refri erant passed through
the rear auxiliary internal heat exchanger Lra is restrictedly
supplied into thc rear niain internal heat exchanger Erb
throu h the second floiv control valve 50b set in thc choked

sri state to oblige thc rcfrigcrant to adiabatic expansion. That is,
Ihe refn erant abmirbs heaL and vaponzes to cool the main
miernal heaL exchanger Eb aml air passing throu h ihe rear
main internal heat exchanger Lb and to cool the rear main
internal heat exchan er Lrb and air passing through the rear

ss main internal heat exchanger Erb.
Accordingly, the air delivered from the fan lllr is cooled

and dehumidified at the main internal heat exchanger Lli and
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&s healed by Ihe auxil&ary internal heal exchanger Ea, and Ihe.

a&r delivered from Ihe fan 110F is cooled and dehumid&lie&i
at thc rear main internal heat exchanger Erb and is heated by
thc rear auxiliary internal heat exchanger Era. This air
conditioning operation cnrresponds tn a dehmnidifying and
heating operation L'ven when the engine cnniant cannot be
unlizeri in Ihe beating operation due to the col&i cond&non of.

the coolant, the a&r delivered lo Ihe front side of. Ihe.

passcngcr compartment is heated through thc auxiliary inter-
nal heat cxchangcr Ea by thc rcfrigcrant which is able to be
heated and pressunzed &vithin a relatively shnrt time perind
therefnre, the air cnnditioner according tn the present inven-
non performs a high and qu&ck heal&ng performance.
S&multaneously, the a&r delivered to the rear s&de of Ihe
passcngcr compartment is heated throu h thc rear auxiliary
internal heat exchanger Era by thc rcfri (rant as is the same
as that in the first refrigeration cycle.

The refngeranl riischarged Irom Ihe mmn internal heat
cxchan cr Eb and thc rear main internal heat exchanger Erb
is hcatcd through thr sub heat exchanger 13 by the en inr
coolant so as to be completely vapnrized I'hen, the vapor-
ized refngerant is nnce stnred in the accumulator 20 to
separate Ihe vaporized retngerant from the hqu&ri refnger-
ant The vaporized refngeranl from Ihe accumulator 2U &s

dclivcrcd to thc compressor 2. refrigerant. Therefore, thc air
hcstcd by thc further heated refrigerant through thr auxiliary
internal heat exchanger L'a and the rear auxiliary internal
heat exchanger L'ra is heated at a relatively high temperature

Although thc heat core 13 in the air duct 14 and a rear
heater core 130 in the air duct 140 are arranged to circulate
the engine coolant to heat the air tn be supplied tn the
passenger compartment, it is necessary that ihe eng&ne
coolant &s heated by the eng&ne 1 so as lo be applicable, to
healing Ihe air. Accordingly, unlit Ihe temperature of Ihe
cnginc coolant is raised to a predetermined temperature
prcfcrablc for heating thc air, thc heater valve 12b and a rear
heater valve 120b are clnsed or the air mix dnor 15 and a rear
air m&x door 150 are set at predetermined positions so that
the con&buona&i air bypasses the heater core 13 an&i Ihe, rear
healer core 130.

With this arrangement of the dual type air conditioner, the
air rielivered into Ihe a&r duct 14 &s dehum&riitied at Lhe main
internal heat exchanger Eb and is heated al the aux&fary
internal heat exchanger Ea. In addition, thc air delivered into
thc air rluct 140 is dehumidifie at thr rear main internal heat
exchanger L'rb and is heated at the rear auxiliary internal
heat exchanger L&ra. Therefnre, highly heated air is delivered
to Ihe both front aml rear sirie of the passenger compartment.
Further. even &f the heal&ng operat&on &s executed under an
internal air circulation mode, thr dchumidificd hot air is
dclivcrcd to thc passenger compartn&ent. Therefore, a front
glass nf the vehicle is kept in a defogged cnndition This
improves the &legree of the safety under a vehicle driving
comhtion.

When thc heating operation of the air conditioner is
executed under a condition that outside air temperature
generally ranges from +5' to +15'. or condition that the
eng&ne I &s operated &n a relet&ve high-total, ihe en &ne.

coolant &s heated so as to be u t&ized &n the heating operauon.
Thcrcforc, under this condition it is not necessary to execute
thc heating operation by using the refrigerant oner ized by
the compressor 2. Accordingly, the operation of the com-
pressor 2 is stopped by cutting the connectinn between the
eng&ne 1 anti the compressor 2. This opera&&on riecreases Ihe
load applied to the engine I and enables the heating opera-
tion tn be executed in energy saving mode.

Cnniing Operation

When the cnoiing operation is executed under a condition
that the outs&de air temperature generally ranges from + I

5'.

to +30'., the lour-way valve 6 &s sel to fiu&Lily

commun&cate Ihe outlet of Ihe compressor 2 with the exter-
nal heat cxchangcr 3 and to fluidly communicate thc bypass
passage B with thc refrigerant inlet of thc compressor 2 to
form the return passage R, as shown in I I(l 12
Simultaneously, the first tlow control valve 5a and the rear
Iirsl fiow control valve 5Ua are set m the choked state. and
Ihe second fiow control valve 5b and Lhe rear secomi fiow
control valve 50b arc sct in the open state

By this valve setting, the refrigerant discharged from the
&u

compressor 2 &s dehvered lo Ihe external heal exchanger 3
through Ihe four-way valve 6, as shown in Fi(L 12. The
external heat exchanger 3 cools and liquidizes the refngcr-
ant. The rcfri erant put in the low-tcmpcraturc and high-
pressure state is restrictedly supplied to the auxiliary internal
heat exchanger La through the first flow control value 5a and
lo Ihe rear auxil&ary internal heat exchanger Era through the
rear lirst fiow control valve 5Ua so as to oblige Lhe refng-
crant to arliabatic expansion. The rcfrigcrant passed through
thc auxiliary internal heat exchanger Ea is supplied to thc

zc main internal heat exchanger Lb through the second flow
control valve 56 set in the open state The main internal heat
exchanger Eb further vaporizes the refrigerant Therefore,
Ihe a&r delivered from the fan 11F is Iirsl cooled al the main
internal heat exchanger Eb and further coolcrl at the auxil-

zs iary internal heat exchanger Ea. Simultaneously, thc refrig-
erant passed through the rear auxil&ary internal heat
exchanger Lra is supplied to the rear main internal heat
exchanger Erb through Ihe rear secomi fiow control valve
500 sel in Ihe open state. The rear main internal heal

... cxchan er Eb further vaporizes thc rcfrigcrant. Thcrcforc,
Ihe a&r delivered from the fan 11UF is Iirsl cooled at the rear
main internal heat exchanger Erb an&i further cooled at the
rear aux&liary mternal heat exchanger Era.

The refrigerant d&&charged from Lhe ma&n internal heal
exchanger Ea and from Ihe rearms&n &niernal heai exchanger
Lra is supplied to the sub heat exchanger 30 ivherein the
refrigerant is heated by the engine coolant to further vapor-
ize. Then, the refrigerant discharged from the sub heat
cxchan er 30 is supplied to thc accumulator 20 wherein thc

sc liquid refrigerant is scparatcrl from thc vaponzcd rcfri crant
so as to supply only the vaporized refngerant to the com-
p&'esse& 2.

However, in case that thc outsirlc air tcmpcraturc gcncr-
ally ranges Irom +15'. &o +20'., the temperature of Lhe

conilitiomng nr &s controlled by chang&ng the opening
degree of the air mix door 150 located upstream of the heat
core 130 to avoid excessive cooling of the air More
particularly, the openin degree of the air m&x door 150 &s

controlled to properly rlivide thc air cooled by thc rear main
s,& and rear auxiliary internal heat cxchangers 50b anil 50a such

thai part of Ihe nr is passes through Lhe heater core 130 so
as to be reheated by the heater core 13U ami other part of the
air is delivered to a bypass passage 140a of the air duct 140
Thereafter, the air heated by the heat core 130 and the root
air passed through the bypass passage are mixed to adjust the
tcmpcraturc of thc conditioned air at a rlcsircrl tcmpcrature.
Thc mixed air is then dclivcred to the passenger compart-
ment throu h the selecleil outlets 17Uv ami 17U/ of the a&r

duct 14U, as &s s&m&lar Lo the a&r conriilioning executeil by Lhe

unit case 10 for the front side
W'&lh the Ihus arranged embodiment, even when the

engme coolant &s too cold lo use at the heal cores 13 ami 130
for heating, the front side and the rear side of the passenger
compartment are heated ivam&ed within a relatively short

es time.
Since the fourth embodiment is arranged to execute the

heating operation by tlowing the refrigerant to the front side
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anil the rear sale, it is possible to control the heating balance.
between the front and rear sides by controlling the valve
states of the first flow control valve Sa and the rear lirst flo&v

control valve 50a I'or example in case that the front side is
too warm and thc rear side is to l&e further warmed, the first
control valve 5a is properly and temporally put in thc choked
state lo increase the flow rale of the refngeranl lo be supplieri
to lhe seconil refrigeranon cycle so as lo increase the heating
capacity nf the rear side On the other hand, in case that the
rear side is too warm and the front side is to be further
warmed, the rear first control valve 50a is properly and
temporally put in thc choked state to increase the flo&v rate
of thc rcfmgcrant to bc supplied to thc first refrigeration
cycle so as lo increase the healing capacity of lhe front side.

Referring to HO. 13, there is shown a fifth embodiment
of the heat pump type air conditioner according to the
prcscnt invention. The air condition of thc fifth embodiment
ts a rlual type as similar to thc fourth embodiment. This
embothment is arranged not lo compnse lhe heater cores 13
anil 130. The internal heat exchangers Ea, Eb, Era and Erb
are arranged to further increase their heat-transfer capacity
as compared with those of the internal heat exchangers Ea,
Lb, Lra and L'rb used in the first to fourth embodiments so
as to ensure suificicnt heating capacity without thc hcatcr
cores 13 and 130. Thcrcforc, unit cases 110 and 210 arc
simphiied aml decreaserl in sized as shown in FIG. 13.

The manner of operation of the fifth embodiment of the
heat pump type dual air cnnditioner according tn the present
invention will be discussed hereinafter.

Ileating Operatinn

Since the fifth embodiment does not have the heater cores
13 and 130, thc heating operation of thc fifth embodiment is
always cxccutcd by opcratin thc con&presser 2. That is,
when the heating operation is executed, lhe four-way valve.
6 is sat to fluidly communicate the outlet of the impresser
2 aml lhe bypass passage B aml to fluufly communicate lhe.

external heat exchanger 3 and the inlet of the compressor 2
to form a return passage R Simultaneously. the lirst flo&v

control valve 5a and the rear first control valve 50a arc
opcncrl, and thc second flow controi valve 5b and the rear
secontl flow control valve SUb are choked as is iumilar to lhe
healing operation of. the Iourlh embodiment pul in a condi-
tion that the outside air temperature ranges from —10'. io
+s''.

Cooling Operahon

When the cooling operation of the air conditioner in
executed uniler a comlition that the outside air temperature
generally ranges from +IS'I tn +30'., the four-&vay
valve 6 is set tn fluidly communicate the outlet of the
compressor 2 with thc cxtcrnal heat exchanger 3 and to
fluirfly communicate thc bypass passa c B with the inlet of
thc compressor 2 to form thc return passage R.
Simultaneously, the Iirst flow control valve Sa and the rear
Iirst flow control valve 50a are set in the choked state and the.

secnnd flnw control valve Sb and the rear secnnd flo&v

control valve 50b are set in the open state

By this valve setting, the refrigerant discharged from the
compressor 2 is delivcrcd to thc external heat cxchangcr 3
through thc four-way valve 6. Thc external heat exchanger
3 cools anti liquidize& lhe refngeranl. The refngeranl put in
the low-temperature aml high-pressure slate is restrictedly
supplied to lhe auxiliary internal heat exchanger Ea throu h
the brat flo&v control value 5a and to the rear auxiliary
internal heat exchanger L)ra through the rear first flow

control valve 50a so as to oblige the refrigerant to adiabauc
e&q&ansion. The refrigerant passed through the auxihary
internal heat exchan er Ea is supplied to the main internal
heat exchanger L)b through the second flow control valve Sb
sct in thc open state. Thc main internal heat cxchan cr Eb
further vaporizcs thc rcfrigcrant. Thcrcforc, the air rlclivcrcd
from the fan 11F ts Iirst cooletl at lhe main internal heat
exchanger Eb, and further cooled at the auxiliary internal
heat exchanger La Simultaneously, the refrigerant passed

lo through the rear auxiliary internal heat exchanger Lra is
supplied to the rear main internal heat exchanger L'rb

throu h the rear scconrl flow control valve 50b set in the
open state. Thc rear niain internal heat cxchan cr Erb further
vaporizes lhe refrigerant. Therelore. the air delivered from
lhe fan 110F is first cooled at lhe rear main internal heat
exchanger L)rb and further cooled at the rear auxihary
internal heat exchanger Era

Thc refrigerant discharged from thc main internal heat
exchanger Ea and from lhe rear mam internal heat exchanger
Era is supplied to the sub heat exchanger 30 wherein the
refmgerant is healed by the engine coolant to Iurther vapor-
ize. Then, the refrigerant dischar ed from the sub heat
exchanger 30 is supplied to the accumulator 20 wherein the
liquid refri orant is separated from thc vaporizcrl refrigerant
so as to supply only thc vaporized refrignant to thc com-
pressor 2.

In case that the coolin operation is excessively executed
at the front side of the passenger compartment, the first flow
control valve 5a is set in the open state and the second flow

I) control valve 5b is sct in thc choked state Accordingly, thc
rcfri crant of a tempcraturc about 40', to 30' is
dischar ed from the external heat exchanger 3 anil radiates
its heal at the auxiliary internal heat exchanger Ea in some
degree Then, the refrigerant is supplied to the main internal
heat exchanger L'b through the second tlow control valve Sb
set in the choked state. 'I'he main internal heat exchanger Lb
functions to further vaporize thc rcfrigcrant. Therefore, thc
air dclivcrcd from thc fan 11F is first coolerl at thc main
mternal heat exchanger Eb anil is heated at the auxiliary

so mternal heat exchanger Er. This prevents the conditioned air
from becoming too cool

In case of the rear side, the rear hrst tlow control valve
50a is opened and the rear second tlow control valve Sflb is

as
choke(i as is similar in thc front side to prevent thc conrli-
tioncd air for thc rear side from becoming too cool.

With thc thus arranged cmbodimcnt, thc unit cases 110
and 21U are formed small in size as comparetl with those of
lhe first lo fourth embodiment. This further enables the air
conilitioner to be formed smaller in size anil &mproves
easiness for installing the air condition to the vehicle
Further, the structure of the air conditioner is simplified by
the dccreasc of the number of clcments. In addinon, it
becomes possible to prevent thc overcoolin during thc
cooling operanon only by the control of the flow control
valves Sa, 50, 50a anil 50b without employing the heater
cores 13 anil 13U.

Referring to I'IOS 14 to 16B, there is shown a sixth
embodiment of the heat pump type air conditioner according

„,.) to thc present invention. The sixth cmborliment is gcncrally
siniilar to thc third cmborlimcnt except that a four-way valve
60 and an expansion valve 51 arc employe(i instead of thc
Iirst and seconil flow control valves 5a aml Sb.

The auxiliary internal heat exchanger Ea employed in the
ss preferred embodiments incluthng the sixth embodiment is

arranged such that a cross section area of a refrigerant
passage thereof is graduafly decreased from a second port
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15U lo a lirsl port 250 of the auxiliary internal heat
exchanger L'a so as tn mainly function as a condenser.

In case that such structured heat cxchangcr Ea is used as
an evaporator. thc refrigerant supplied to thc auxiliary inter-
nal heal exchanger Ea graiiually increases ils premure by Ihe.

execution of the ariiabalic expansion of. the refrigerant.
However, the auxiliary internal heal exchanger Ea is
arranged tn gradually decrease the crnss sectional area of the
refrigerant passage frnm the second part 150 to the first port
250. This structure of thc refrigerant passage incrcascs thc
prcssure loss in thc refrigerant passage to dcgradc thc
circulating performance of Ihe refngeranl in Ihe reingeration
cycle when the auxiliary internal heal exchanger Ea func-
tions as an evaporator. Thereiore, the coohng ability of Ihe
air cnnditioner employing this auxiliary internal heat
exchanger is rlegraded ivhen the auviliary internal heat
cxchan cr Ea is used as an evaporator.

In order to prevent such loss of the cooing abdily of Ihe
air conditioner, Ihe sixth embodiment is arranged such that
when the auxiliary internal heat exchanger I.'a is used as an
evaporatnr the refrigerant is inputted from the first port 250
More particularly, the auviliary internal heat exchanger L'a is
provided with a refrigerant passage changing means to
change its inlet port according its usage, as shown in FIGS.
16A and 16B.

As shovvn in 11G. 14, the sixth embndiment of the heat
pump type air cnnditioner according to the present invention
ts arran cci to constitute a rcfrigcration cycle wherein the
rcfngcrant discharged from the compressor 2 circulates the
external heal exchanger 3, an expanmon valve 51, and an
internal heat exchanger umt E.

The bypass passage B is disposed parallel ivith the
cxtcrnal heat cxchangcr 3. An inlet cnd of thc bypass
passu c B, a rcfngcrant inlet of the external heat exchanger
3, an outlet of thc compressor 2 and an inlet of thc return
passage R and connecleri lo the four-way valve 6. The outlet
of the external heat exchanger 3 through the lirsl check valve.
Vc, is connected tn the outlet of the bypass passage B

thrnugh the second check valve Vc The connected portion
bctwccn thc external heat exchanger 3 and thc bypass
passage B is connected to a four-way valve 60. Thc rcfrig-
crant chschargcd from thc compressor 2 is suppiicd to thc
auxiliary internal heat exchanger Ea through a lirsl passage
LI having the expansion valve 51 or second passage 12. In
case that the refrigerant is supplied through the first passage
[.I to the first port 250 of the auxiliary internal heat
exchanger Lia, the refrigerant is adiabatically expanded by
thc expansion valve 51 and absorbs thc heat of thc air
passing throu h thc auxiliary internal heat exchanger Ea.
That is, in this usage. the auxiliary internal heal exchanger
Ea iunctions as an evaporator. On Ihe other hanri, in case that
the refrigerant is supplied through the second passage 12 to
the second port 150 of the auxiliary internal heat exchanger
La, the refrigerant having relatively high pressure is liquid-
ized at thc auxiliary internal heat exchanger Ea. That is, in
this usage, thc auxiliary internal heat exchanger Ea functions
as a condenser.

By switching the four-way valve 60 to select one of the
first and second passage l.l and 1.2 as an inlet passage of the
auxiliary internal heat cxchan cr Ea, thc function of thc
auxiliary internal heat exchanger Ea is selected front onc of
an evaporator and a condenser. The refngeranl dischargerl
from the auxiliary internal heal exchanger Ea is supplied io
the main internal heat exchanger Eb through one of Ihe. Iirst
and second passages I.I and 1.2 Further, the refrigerant
discharged from the main internal heat exchanger Lb is

vaporized at Ihe sub heat exchanger 3U anti is then separated
from the liquid refrigerant at the accumulator 20 to supply
the vaporized refrigerant to the compressor 2.

Next, the manner of operation of the sixth emliodiment of
thc heat pump type air conclitioner accorrling to thc prcscnt
invention vvill be discussed with rcferencc to FIGS. 16A anil
16B.

Healing Operation

io When the heating operation is executed under a condition
that the outside air temperature generally ranges from —10',

to +5'., thc four way valve 6 is set at a heating state
such that the refrigerant rlischargcd from thc compressor 2
is delivered to the bypass passage without flowing through
Ihe external heat exchanger 3 anil that Ihe remaineri refrig-
erant in the external heat exchanger 3 is returned to the
compressor 2 through the return passage R Simultaneously,
the four-ivay valve 60 is set such that the refrigerant is
supplied through the second passage L2 to thc scconrl port

zo 150 of thc auxiliary intcmal heat exchanger Ea as shown in
FIG. 168. The reiiugerant supplied to the auxiliary internal
heat exchanger Ea radiates ils heat ami is liquidized. Then,
the refrigerant dischar ed from the auxihary internal heat
exchanger La is supplied to the main internal heat exchanger

zs Lb through the first passa e i.l and the expansion valve 51
Thc rcfri erant restrictcdly flows through thc expansion
valve 51 vvhile cxccuting adiabatic expansion and is sup-
phed to Ihe main internal heat exchanger Eb. The adiabauc
expansion refrigerant absorbs the heat of Ihe air passin ~

.io through the main internal heat exchanger I'b 'I'herefore, the
air directed by the fan II I'n the unit case 10 is cooled and
dehumidified at the main internal heat exchanger L'b and
heated at thc auxiliary internal heat exchanger Ea. Then, thc
conditioned air is supplied to thc passcngcr compartment to

is execute the dehumidiTying and heanng operation
When the healing operation is executed umier a conriiuon

Ihat Ihe outside air temperature generally ranges from +S'.
to +IS'', the heating operation is executed only by the
heater core 13 without operating the compressor 2, as is the

ao same as that in thc third embodiment

Cooling Operation

When the cooling operation is executed under a condition
that thc outside air temperature generally ranges from+15's

C, to +30'., thc four-way valve 6 is sct at a cooling state
so that the refrigerant discharged from the compressor 2 is
delivered to the external heal exchanger 3 without passin ~

through the bypass passage B. Simultaneously, the four-way
valve 60 is set such that the refrigerant liquidized at the
external heat exchanger 3 is supplied to the first port 250 of
thc auxiliary internal heat cxchan cr Ea throu h thc first
passage LI and the expansion valve 51 as shown in FIG.
16A. Thc expansion valve 51 cxccutcs thc adiabatic expan-
sion of. the refngeranl, and Ihe auxihary internal heat
exchanger Ea executes the heaL transier irom Ihe air to Ihe
refrigerant. The refri erant discharged from the auxiliary
internal heat exchanger La is supplied to the main internal
heat cxchangcr Eii and is further vaporized so as to absorb
the heat of thc air passing through the main internal heat

ati cxchan er Eb. Thcrcforc, thc air delivcrcd from thc fan llF
is lirsl cooleil and dehumidilied at the main internal heat
exchanger Eb anil further cooleii ami dehumiddied at the
auxiliary internal heat exchanger La

In case that the cooling operation is excessively executed,
as as is similar to Ihe execution in the lirst embodiment, Ihe

temperature control of the conditioning air may be executed
by properly using the heater core 13 and the air mix door 15
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With the thus arranged sixth embodiment, by switching
the inlet passage lo the auxiliary internal heat exchanger Ba.
it bccomcs possible to ensure high heating performance of
thc auxiliary internal heat cxchan rr Ea used as a condenser
and to decrease the pressure loss at the auxiliary internal heat
exchanger Ea used as an evaporator so as tn prevent the
decrease of the refngerant flow rale in the reingeration
cycle

What is claimed is:
1. A heat pump type air conditioner for a vehicle cxccut-

(ng a heating operatinn and a cooling operatinn accnrding to
a temperature condition, said heat pump type air conditioner
comprising:

rcfrigcrant;
a compressor applying worl load to saul reingerant,
an external heat exchanger connected to an outlet of said

compressor;
a bypass passage conncctin a refrigerant inlet and a

refrigerant outlet of said external heat exchanger;
a tlow mode selector that selects a healing flow mode

when thc heating operation is executed and selects a
coolin flow mode when thc cooling operating is
executed, said refrigerant tloiving through said bypass
passage without flnwing through said external heat
exchanger when the healing flow motte is selected, saiii
refrigerant tlowmg through said external heal
exchanger without tlowing through sairi bypass passage
when the cooling flow motte is selected;

a first flow control valve connected to thr refrigerant
outlet of sairi external heat exchange, said lira( flov,
control valve being an electromagnenc valve which
comprises a valve body having a port through which
said refrigerant flnws, a valve opening and closing the
port according to an electrical signai, and a choked
portion through which said refrigerant restrictcdly
flows when the port is closed by said valve;

an auxiliary internal heat exchanger cnnnected to an nutlet
of said first liow control valve;

a second tlow control valve cnnnected tn a refrigerant
outlet of said auxiliary internal heat exchanger;

a main internal heat exchanger connected to an outlet to
said second flow control valve, a refrigerant outlet of
sairl main internal heat cxchangcr being connected to
an inlet of said compressor;

air delivenng means for passing air through said main and
auxiliary internal heat rxchangcrs and delivering thr air
to a passcngcr compartment of thr vehicle;

a sub heat evchanger connected to the refrigerant outlet of
sairl main internal heat cxchan er and the inlet of said
compressor, said sub heat exchanger bein arranged to
heal said refrigerant by means of engine coolant of a
vehicular engine;

a hcatcr core which is connected to the vehicular rn inr
so that the engine coolant circuhites said healer core,
saul heater core being riisposed in said air delivering
means and downstream of said main and auxiliary
internal heat exchangers; and

an air-mix door dwposed between said auxiliary internal
heat evchanger and said heater core, said air-mix door
controlling a quantity of the air passing through said
heat('I cof(v

2. A heat pump type air conditioner as claimed in claim 1,
wherein said first flow control valve is arranged Io be
selectively set in an open state and a choked slate.

3. A heat pump type air cond(boner as chiimed in claim 3,
wherein sairl second flow control valve is arranged to be
selectively set in an open state and a choked state

4. A heat pump type air conililioner as claims&i in claim 1

wherein saiil lira( flow control valve is sel in an open state
when the heating operation is cxccuted so that sairl auxiliary
internal heat exchanger functions as a condcnscr

5. A heat pump type air conditioner as claimed in claim 1,
ivherein said semnd floiv control valve is set in a choked
slate flir reslnctedly flowing said refngerant when the heat-
mg operanon is executed voi that said main internal heat
exchan cr functions as an evaporator.

1(i
6. A heat pump type air conditioner as claimed in claim 1,

ivherein said first tlow control valve is set in a choked state
for restrictedly tlowing said refrigerant when the cooling
operanon is execu(eel so thai said auxiliary internal heal
exchanger functions as an evaporator.

7. A heat pump type air conditioner as claimed in claim 6," vvhcrcin said second flow control valve is sct in an open state
so that said main internal heat exchan er functions as an
evaporator.

g. A heal pump type air conditioner as claimed in claim 1,
wherein the choked portion is an orilice tube having a

"o predctcrminerl inner diameter d anil a prcdetcrmincd kn th
Dv

9. A heat pump type air conditioner as claimed in cia(m 1,
wherein the choked portion is integrally formed with the
valve body.

lfl. A heal pump type mr rxindinoner as claimed in claim
1, wherein said first flovv control valve is an electromagnetic
valve constituted by a valve i(oily and an ckctromagnctic
it(kit,

the valve body including a hrst connecting port to wh(ch
said refrigerant is inputted, a second connecting port
from ivhich said refrigerant is outputted, a main port on
which a diaphragm valve is opened and closed, an
equalizing pressure hole penetratingly formed in thc
rhaphragm valve, anil a pilot port through which Ihe
refwgeranl passing through the equalizing pressure hole
is directed to the second connecting port,

lhe eleciromagnehc pilot including a pilot valve for
opening aml closing the pilot port, a plunger for oper-
ating the pilot valve, and a coil which generates elec-
tromagnetic force for moving Ihe plunger,

wherem a choked portion is formed such that said refng-
erant is restrictedlv flowed from the first connecting
port to the second connectin port in the valve body

11. A heat punip type air conrlitioner as claimed in claim
as 1, further comprising a liquid tank connected to thc outlet of

said cxtemal heat cxchangcr and thc inlet of thc first flow
control valve.

13. A heal pump type air coniliuoner as claimed in claim
1, wherein ivhen the heating operation is executed and when
a temperature of the engine molant is less than a predeter-
mined tcmperaturc, sairl air-mix rloor is controlled so that
thc air heated by sairl main and auxiliary internal heat
exchan crs bypasses said hcatcr core.

13. A heal pump type mr rxindinoner as claimed in claim
1, wherein when the heanng operanon is execute&i and when
a temperature of the engine coolant becomes greater than a
predetermined value, said compressor is stopped and the air
is hcaterl only by said hcatcr core.

14. A heat pump type air conditioner as claimcrl in claim
a.( 1, further comprising a hcatcr valve mstalled bctwcen thc

engme anil Ihe heater core,
whcrcin, when thc tcmpcrature of thc cn inc coolant is

less than a predetermined temperature, the heater valve
is closed Io stop flowing the engine coolant to the heater

ss core or Ihe air-mix door is set al a predetermined
position at which the conditioned air bypasses the
heater core
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IS. A heal pump type air comhtroner as claimed rn claim
1, further comprising a refrigerant returning means for
returning said refrigerant remaining in said external heat
exchanger when the heating operation is executed.

16. A heat pump type air conditioner as claimed in claim
1, further compnsin an accumulator which is connected to
the refngerant outlet oi: saicf main internal heat exchanger
and Ihe inlet of sard compressor.

17 A heat pump type air conditioner as claimed in claim
1, wherein each nf said tirst and second flow control valves
rs a pressure differenc operation type solennid valve.

18. A heat pump type air conditioner for a vehicle
cxccuting a heating operation and a cooling operation
according to a temperature condition, saul heat pump type.
air conditioner compnsrng,

refrigerant;
a compressor applying workload to said refrigerant;
an external heat exchanger connected to an outlet oi: said

compressnr,
a bypass passage connecting a refrigerant inlet and a

rcfngcrant outlet of said cxtcrnai heat exchanger, said
refngerant flowing through said bypass passage with-
out flowing through said external heal exchanger when
the heatmg operatinn is executed;

a hrst flow control valve connected to a refrigerant outlet
of said cxtcrnal heat exchanger;

an auxiliary internal heat exchanger connected to an outlet
nf sarcl first flow control valve;

a second flow control valve connected to a refrigerant
outlet of said auxiliary internal heat exchanger;

a main internal heal exchanger connected to an outlet of
said second florv control valve, a refrigerant outlet of
said main internal heat exchanger heing connected to
an inlet of said compressor;

arr cfelivenng means for passing mr through sard main and
auxiliary internal heat exchangers ancf delivenng Ihe air
to a passenger compartment of the vehicle;

a sub heat exchanger connected to the refrigerant outlet of
saicl main internal heat cxchan er and the inlet of said
compressor, saicf sub heat exchanger being arranged to
heal said refrigerant by means of engine coolant of a
vehicular engine;

a hcatcr core which is connected to thc vehicular engine
so that thc cnginc coolant circulatcs said heater core,
saicl heater core being disposed in said air delivering
means and dov:nstream oi: saicf main ancf aux)harv
internal heat exchanger,

wherein sarcl first tlorv control valve is an electromagnetic
valve which comprises a valve body, an eicctronia-
nctic pilot, and a choked portion formed such that said
refngerant rs restricterfly flowed from a lirsl connecting
port lo a second connecting port in Ihe valve bocfy, and

an air-mix dnor dispo~ed between said auxiliary internal
heat exchanger and said hcatcr core, said air-mix door
controlling a quantity of the air passing through said
heat)'f core.

19. A heal pump type air comhtroner as claimed rn claim
18, wherein the valve body compnses a lirst connecting port
thrnugh which the refrigerant is inputted, the secnnd con-
necting port frnm which the refrigerant is nutputted, a main
port throu h which thc refrigerant flows through said valve
body, a diaphragm valve openin and closing thc main port,
an equalizing hole formed in thc diaphragm valve so as to

as

fluidly commumcale a first sicle surface and a side of the
other surface of the diaphragm valve, and a pilot port
directing the refri erant passed through the equalizing hole
to the second connecting port, the electromagnetic pilot
comprising a pilot valve opening and closing the pilot port,
a plunger operating thc pilot valve, ancl a coil generating
elecrromagnehc force for moving the plunger

ZU. A hear pump type nr n)ndiuoner as claimed in claim
18, wherein said choked portion is constituted by fixedly

iu installing an orifice tube at a partition rvall which shares a
high-pressure side and a low-pressure side in the mam port

21. A heat pump type air conditioner as claimccl in claim
18, wherein each of said first and second flow control valves
rs a pressure diilerence operanon type solenoid valve.

ZZ. A heal pump type arr conditioner for a vehicle
executing a heating operation and a cooling operation
according to a temperature condition, sard heat pump type
air conditioner comprising

refrigerant,
o a compressor applying workload to sard refngerant;

an cxtcrnal heat cxchan cr conncctccl to an outkt of saicl
compressor;

a bypass passage connecting a refrigerant inlet ancf a
refrigerant outlet of said external heat exchanger;

a florv mode selector connected to the outlet of said
compressor, the refrigerant inlet of saicl external heat
exchanger and an inlet of said bypass passage, sard flow
mode selector flowing said refngerant from said com-

.ic pressor to said external heat exchanger without flowing
said refrigerant to said bypass passage when the cool-
ing operation is executed, said flow mode selector
flowing said refrigerant from said compressor to saicl

bypass passe c without flowin saicl refrigerant to saicl
is external heat exchanger when Lhe heaung operauon rs

executed,
a first florv control valve connected to the refrigerant

outlet of said external heat cxchangcr;
an auxihary internal heal exchanger connected to an outlet

so of said lirsl flow control valve,
a second tlow control valve connected to a refrigerant

outlet of said auxiliary internal heat cxchangcr;
a main mlernal heat exchanger connected to an outlet to

said second flow control valve, a refrigerant outlet of
said main internal heat exchanger being connected to
an inlet of said compressor;

air delivering means for passing air through said main ancl
auxiliary internal hear exchangers ancf delivenng the air

so lo a passen er comparlmenL of the vehicle;
a sub heat exchanger connected to the refrigerant outlet of

said main internal heat cxchangcr and thc inlet of saicl
compressor, said sub heat cxchangn being arranged to
heat said rcfri erant by means of cnginc coolant of a
vehicular engine;

a heater core rvhich is connected to an engine of the
vehicle so that engine coolant circulates the heater core,
the heater core bein clisposcd m said air dclivcring
means; and

r I)

an air-mrx door chsposed between said aux)fary internal
heat exchan er and said heater core, said arr-mix door
controlling a quantity of the air passin through said
hc ster core.


