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[57] ABSTRACT

A heat pump type air conditioner for an automotive vehicle
includes s vapor-oompression refrigeration system which is
provided with a compressor. An outer condenser and an
inner condenser are serially connected to the compressor
through a three-way valve. A bypass passage of the outer
coadenser communicates the compressor and the inner con-

denser through the three-way valve. The inner condenser is
connected to an inner evaporator through an erpaasion
valve. A rehigertmt heater for heating refrigerant of the
system is disposed upstream and/or downstream of the inner
evaporator. The refrigerant heater is controllably operated
by a control unit according to a refrigerant condition indica-
tive signai from a refrigerant coadition detector. Therefore.
the air conditioner generates a sufgcieut heating perfor-
mance even just after the start of an engine of the automotive
vehide while realizing a dehumidifying heating.

3 Claims, 22 Drawing Sheets

Primary Examiner—Joho K. Ford
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HEAT PUMP TYPE AIR CONDITIONER FOR
VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The preseat inventioa relates to improvements in a heat

pump type air conditioner for a vehicle which includes a
vapor-compression refrigeration systenx

2. Description af the Prior Att
Various heat pump type air conditioners have been pro-

posed and put into practical use for an automotive vehicle.
A typical heat pump type air oonditioner is provided with a
four-way valve for cbaaging refrigerant flow in a heating
operation and a cooling aperation. During the heating
operatioa. an outer heat exchanger funafions as a heat
absorber, aad an ianer heat exchanger functioas as a heat
radiator. On the other hand, during the cooling operation, the
outer heat exchanger functians as a heat radiator and the
inner heat exchanger functioas as a heat absorber. Such a
heat pump type air conditioner is disdosed, far example, in
Japanese Patent Provisional Publication No. 2-290475.

As shown in FIG. 21. with the air conditioner disclosed in
Japanese Patent Provisioaal Publication No, 2-290475. dur-
ing a heating operatioa. a four-way valve 2 is set as indicated
by a continuous line in FIG. 21, and refrigerant is circulated
as follows: A mmpressor I-athe four-way valve 2-Ia first
inner heat exchanger 3-+a heating heat exchanger 4wa
second inner heat exchanger 5—&an expansion valve 6-Ian
outer heat exchanger Zathe four-way valve 2-Ia receiver
8-athe compressor 1. Accardiagly, the hest of the refrigerant
is transmitted to air led by a blower fan 9 aad used for
heating a passenger camparunent. The heat from an engine
10 is transmitted to the refrigerant through the heating heat
exchanger 4 and further transmitted from the refrigerant to
air led by a blower fan 11 for heating the passenger com-
partment. The heat of the air Ied by a fan 12 is transmitted
to the tefrigerant thmugh the outer heat exchanger Z. On the
other hand, during the cooling operation, the four-way valve
2 is set as indicated by a broken liae in FIG. 21 and
refrigerant is circulated as follows: The comprcusor Imthe
outer heat exchanger 7-athe expaasian valve 6athe second
inner heat exchanger 5athe first inner heat exchanger
3—sthe four-way valve 2-+the receiver 8-sidhe compressor 1.

Accordingly. the heat of the refiigerant discharged from Ihe
oompressor I is radiated iata tbe atmosphere through the
outer heat exchanger 7, and the heat of air led by blower fans
9 and 11 is abscxbed into the refrigerant through the first and
second inner heat exchanger 3 and 5. Therefore. the cooled
air is geuemted at the first and second inner heat exchanger
3 and 5 and is supplied into the passenger comparlmenx
With such a conventional air conditioner, the absorbed heat
amount by the outer heat exchanger 7 is decreased during the
heating operation under conditions such that the ambient
temperature is law. Purthermare, if tbe workload of the
compressor I is constant, the radiated heat amount from the
first and second inner heat exchangers 3 and5 which radiates
the sum of the heat absarbing amount from the outer heat
exchanger 7 is decreasecf and therefare the heating capacity
of the air conditioaer is lowered. Accordingly, fitis generates
a problem such that it takes no little time period until this
conventionai air conditioner operates normally, that is, it is
necessary to use no little time period for a wsrm-up of Ihe
heating operation.

In order to solve such a problem, another heat pump type
air conditioner has been proposed, for example, in Japanese
Patent Provisional Publication No. 1-296056. in which a

heat exchanger for heafing refrigerant is disposed at a low
pressure side in a refrigeration cycle of this air conditioner
and is operated so as to absorb waste heat of a vehicle engine
during a heating operation. FIG. 22 shows a construction of

s this air conditioner. During the heating aperation, the four-

way valve 2 is set as indicated by a continuous line in FIG.
22, and refrigerant is circulated as follows: A compressor
I-elbe four-way valve 2-+an inaer heat exchanger 3ma
oae-way valve 13A Ia second receiver SB-aa one-way

Io valve 13Bma first receiver SAma first expansion valve
6Awa heatiag heat exchanger 4 tthe compressor 1.
Accordingly, the heat of the refrigerant is transmitted to air
led by the blower fan 9 and used for heating a passenger
compartment. The refiigerant whose temperature is lowered

Is by the heat transmission in the inner heat exchanger 3, is
heated ia the heating heat exchanger 4 by utiTizing the waste
heat of Ihe engine and is delivered to the compressor 1. That
is, during the heating operation the heating heat exchanger
4 functions as a heat absorber instead of the outer heat

sa exchanger 7. and the inner heat exchanger 3 functions as a
heat radiator. On the other hand, during the cooling
operation. Ihe four-way valve 2 is set as indicated by a
broken line in FIG. 22 and the refrigerant is circulated as
follows: The compressar I—&the four-way valve 2aan outer

m heat exchanger Zaa one-way valve 13C-a22 the first
receiver SAaa one-way valve 13D-ache second receiver
SBaan expansion valve 6Bathe inner heat exchanger
3athe four-way valve 2athe compressor 1. Accordingly.
the heat of the refrigerant discharged from the compressor I
is radiated into the atmosphere through the outer heat
exchaager 7. and the heat of air led by a blower fan 9 is
absorbed iato the refrigerant at the inner heat exchanger 3.
That is, during the cooling operation the outer heat
exchanger 7 functions as a heat radiator, and the inner heat

ss exchanger 3 functions as a heat absorber.

However, this air maditioner can not solve a probleru that
it is diificult to obtain a sufiicient healing performance just
after the start of the engine. Furthermore, since these con-
ventional air conditioners are basically arranged to select

sa one of the cooling and heating operations, it is impossible to
simultaneously carry out both cooling and heating opera-
tions. That is, a dehumidifying heatiag operatioa can aot be
implemented by these conventional heat pump type air
conditioners.

SUMMARY OF THE ~ON
It is an object of the present invention to provide an

improved heat pump type air conditioacr for a vehicle which
generates a sufhcient heatiag performance even just after the

sa stat of an engine of the vehide, aud which can implement
a dehumidifying heating operation.

A heat-pump type air conditioner acmrdiag to the present
invention is far an automotive vehide and comprises a
compressar applying workload to refrigeraat. Aa outer heat

ss exchanger is connected to a refrigeraat discharge side of the
compressor aad radiating heat of the refrigeraat into ambient
air. A blower leads air for air-conditioning a passenger
compartment of the vehide. A heat-radiating inner heat
exchanger is connected to the refrigcxant discharge side of

so the compressar and transmitting Ihe heat of the refrigerant to
tbe air led by the blower. An expansion valve is connected
to a refrigerant outlet side of the heat-radiating inner heat
exchanger. A heat-absorbing inner heat exchanger is con-
nected to a refrigerant outlet side of the expansion valve and

ss a refrigerant suction side of the compressor. The heat-
absorbing inner heat exchanger cools the air led by the
blower by transmitting the heat of the air to the refrigerant
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which is supplied through the expaasion valve from at least
one of lhe outer heat exchanger and the heat-radiating inner
heat exchanger. A switching device is disposed among the
refrigerant discharge side of the compressor, a refrigerant
inlet side af the outcr heat exchanger and a refrigerant inlet
side af the heat-r'adiabng inner heat exchanger. The switch-
ing valve leads the refrigerant from the compressor to the
outer heat exchanger during a cooling operation and leads
the refiigerant from the compressor to thc heat-radiating
inner heat exchaager while bypassing the outer heat
exchanger during a heating operation. A refiigerant heating
means far heating the refrigerant is disposed to at least one
of the refrigerant inlet side and the refiigerant outlet side of
the heat-absarbing inner heat exchanger. A refiigerant con-

dition detecting means detects a temperature of the refrig-
erant. A control means turn on lhe refiigerant heating means
when the temperature of tbe refrigerant which is detected by
the refiigerant condition detecting means is lower than a
predetermined value during warm-up operation in heating a
made.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like refereace numerals designate like
parts and elements throughout afi figures. in which:

FI. I is a schematic view which shows a structure of a
first embodiment of a heat pump type air conditioner accord-
ing to the present inveation;

FIG. 2 is a perspective view of an instrument panel to
which the air conditioner of FIG. I is instaBed;

FIG. 3 is a schematic view which shows a refrigeration
cycle of the first embodiment of the air condition of FIG. I;

FIG. 4 is a fiow chart showing the maaner of operation of
the first embodiment;

FIG. 5 is a fiow chart continued fiom FIG. 4;
FIG. 6 is a fiow chart continued f'rom FIG. 5;

FIG. 7 is a schematic view which shows a refrigeration
cycle of a second embodiment of the air conditioner accord-
ing to the present inveation;

FIG. 8 is a flow chart showing the manner of operation of
the second embodiment;

FIG. 9 is a fiow chart coatinued from FIG. 8;

FIG. 10 shows a graph which indicates a determinatioa
data for the dehumidified condition of the conditioned air;

FIG. 11 is a fiow chart showing the rnaaaer of operation
of a third embodimeat of the air conditioner accarding to the
present invention;

FIG. 12 is a schematic view which shows a construction
of a fourth ernbadluwut of the air conditioner according to
the present invention;

FIG. 13 is a fiow chart showing the manaer of operation
of the fourlh embodiment;

FIG. 14 is a schematic view which shows a refiigeration
cycle of a fifih embodiment of the air conditioner according
to the present invention;

FIG. 15 is a fiow ctuut showing the manner of operation
of the fiflh embodimeat;

FIG. 16 is a schematic view which shows a refrigeration
cycle of a sixth embodiment of the air conditioner according
to the present invenlioa;

FIG. 17 is a cross-sectional view of aa accumulator
applied to the sixth embodiment;

FIG. 18 is a fiow chart showing the manaer of operation
of the sixth embodiment;

FIG. 19 is a cross-sectional view of a refrigerant heater
unit applied to a seventh embodiment of the air conditioner
according to the present inventioa;

FIG. 20 is a cmss-sectional view of aa accumulator
applied to an eighth emboduuent of the air conditioner
according to the present invention;

FIG. 21 is a schematic view which shows a construction
of a conventional heat-pump type air conditioner for a
vehide; and

la FIG. 22 is a schematic view which shows a construction
of another conventional heat-pump type air conditioner for
a vehicle.
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DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIGS. I to 6, there is shown a first
embodiment of a heat pump type air conditioner according
to the present invention.

As shown in FIGS. I to 3, the air conditianer is for a
vehide and comprises a refrigeration cycle which includes
a compressor 31. a three-way valve 32, an outcr heat
exchanger 38, a one-way valve 70. a beat-radiating inner
heat exchanger 33, a receiver 36. an expansion valve 34, an

33 upstream refrigerant heater 200. a heat-absorbing inner heat
exchanger 35. and a downstream refiigerant heater 201.

The compressor 31 is of a type which variably changes an
input power according to a signal inputted therein aud is af
an electric drive type or hydraulic drive type. The compres-

so sor 31 is disposed outside of a passenger compartmeat of the
vehicle, such as in an engine room. Tbe three-way valve 32
is connected ta a refrigerant discharge side of the compres-
sor 31, and is arranged to select a first positioa in that the
refiigerant is directed to the outer heat exchanger 38 and a

33 second position in that the refrigerant is directed to Ihe
heat-radiating inner heat exchanger 33 while bypassing the
outer heat exchanger 3& That is, according to the switching
of the three-way valve 32, the refiigetntion cyde of the air
conditioner forms one of a first passage or a second passage.

so When the three-way valve 32 is set at the first position. lhe
refrigeration cycle of the air conditioner forms the first
passage ia that the refrigerant iiows as follows: The com-
pressor 31mthe three-way valve 32—&the outer heat
exchanger 38-sthe one-way valve 70mthe heat-radiating

43 inner heat exchanger 33mthe receiver 36wtbe expansion
valve 34-sthe upsheam refrigerant heater 200mthe heat-
absorbing inner heat exchanger 35—&the downstream refrig-
erant heater 201-+the compressor 31. When the three-way
valve 32 is set at the second position, the refrigeration cycle

sa of the air conditioner fanon the second passage in that the
refrigerant fiows as follows: The compressor 31sthe three-
way valve 32mthe heat-radiating inner heat exchanger
33mthe receiver 36mthe expansion valve 34mthe upstream
refrigerant heater 200-+the heat-absorbing inner heat

33 exchanger 35mthe downstream refrigerant heater 201mfite
compressar 31. When the coding operation is implemented
by the air ooaditioner of the first embodiment, the first
passage is selected by setting the three-way valve 32 at the
first position. Further, when the heating operation is imple-

la mented by the air conditioaer of the firs( embodiment, the
second passage is selected by setting the three-way valve 32
at the second position.

The outer heat exchanger 38 is disposed outside of the
passenger computment and funcfions as an outer condenser

Ss such that the heat of the refrigeraat discharged fmm the
compressar 31 is radiated into the atmosphere. Tbe one-way
valve 70 is disposed betweea an outlet side of the outer heat
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exchanger 38 and aa inlet side of the heat-radiating inner
heat exchanger 33 and functions so as to prevent the
refrigerant from fiowing into the outer heat exchanger 38.
The heat-radiating ianer heat exchanger 33 and the heat-
absorbing inner heat exchaager 35 are disposed in a duct 39
which is disposed in fiont of the passenger compartmeat,
such as a back side of an instrument panel. Tbe heat-
radiating inner heat exchanger 33 functions such that heat cf
the refrigerant discharged fiom the compressor 31 is radi-
ated into the air directed by the blower fan 37. The heat-
absorbing inner heat exchanger 35 fuactions such that heat
of the air directed by the blower fan 37 is radiated into the
refrigerant. The receiver 36, the expansion valve 34 and the
upstream refrigerant heater 200 are disposed bezween the
heat-radiating inner heat exchanger 33 and the heat-
absorbing inner heat exchaager 35. The expansion valve 34
functions as an expansioa means for atomizing liquid refrig-
erant by the adiabatic expansion. Accordingly, in this
embodiment. the upstream side of the expansion valve 34 is
a high pressure side, and the downstream side thereof is a
low pressure side.

A heat-radiating inner heat exchanger outlet-refiigerant
temperature seasor 67 is disposed on a conduit connected to
the outlet side of the heat-radiating inner heat exchaager 33,
and functions to detect an outlet refrigerant temperature
T ~ of the refrigerant at the outlet side of the heat-
radiating inner heat exchanger 33. A heat-absorbiag inaer
heat exchanger inlet-refiigerant temperature sensor 68 is
disposed between the ututieam refrigerant heater 200 and
the heat-absorbing inner heat exchanger 35 and functions so
as to detect an inlet refrigerant temperature T of the
refrigerant at the inlet side of the heat-absorbing inner heat
exchanger 35. Furthermore, first, second. third and fourth
thermal-property detectors 202, 203, 204 and 205 are dis-
posed at a refrigerant inlet side aud a refiigerant outlet side
of the upsnesmrefrigerant heater 200, a refrigeraat inlet side
and a refiigerant outlet side of the downstream refiigerant
heat 201, respectively. The upstream and downstream refrig-
erant heaters 200 and 201 are of an electric heating type
heater, such as a PIC heater. and are disposed inside of the
respective connecting pipes. The upstream and downstream
refrigerant heaters 200 and 201 are arranged to heat the
refrigeraat by receiving a voltage in reply to the detected
data fmm the refrigerant thermal-property detectors 202 to
205.

In the duct 39, an inner air inlet 40 for leading the air into
the passenger compartment and an outer air inlet 41 for
leading outside air due to the wind prcssure caused by the
running of the automotive vehicle are disposed upstream of
the heat-absorbing inner heat exchanger 35. Aa intake door
42 for properly mixing the air from the inner air inlet 40 and
the air from the outer air islet 41 is disposed at a dividing
portion between the inner and outer air inlets 40 and 41 in
the duct 39. The intake door 42 is arranged to open and dose
the outer inlet 41 by using an intake door actuator (aot
shown) controlled by the control unit 43. Thc blower fan 37
is disposed downstream of the inner and ouier air inlets 40
and 41 and upstream of the heat-absorbing ianer heat
exchaager 35 in the duct 39 and arranged to be rotated by a
blower fan motor 44 controlled by the connol unit 43.

An auxiliary heater 76 is disposed at an air inlet side of the
heat-radiatiag inner heat exchanger 33. The uxiTiary beater
76 is an electric heater and of a type which variably changes
output according to an input voltage conu'oiled by the
control unit 43. When the auxiiiry beater 76 is turned oa.
the air passing through the heat-radiating inner heat
exchanger 33 is heated, and the temperature of the refrig-

crust which Sows through the heat-radiating inner heat
exchanger 33 is increased.

An air mixing door 46 is disposed upstream of the
heat-radiating inner heat exchanger 33 in the duct 39. The air

s mixing door 46 is driven by an air mixing door actuator (not
shown) controlled by the control unit 43 so as to change the
ratio of air ilaw rates of cool air and hot air, wherein the cool
air is the air which bypasses the heat-radiating inurn heat
exchanger 33 and the hot air is the air which penenntes

io through the heat-radiating inner heat exchanger 33. An
opening degree Xa of the air mixing door 46 is defined as
follows: Wheo the air mixing door 46 is Iocatwi at a position
indicated by a long and short dash line in FIG. 1. that is,
when the ratio of the cool air is 100%. the opening degree

is Xa is 'defined as 0% (full close condifion). When the air
mixing door 46 is located at a position indicated by a long
and two short dashes line in FIG. 1. that is, when the ratio
of the hot air is 100%, the opening degree X is defined as
100% (full open condition).

In order to further improve the mixing between cool air
and hot air, an air mixing chamber 47 is disposed down-
stream of the heat-ratUating inner heat exchanger 33 in the
duct 39. The air nuxing chamber 47 has a ventilator outlet
51 for feeding the conditioned air toward aa upper side of a

zs vehic)e passenger (not shown), a foot outlet 52 for feeding
the conditioned air toward a foot portion of the vehicle
passenger. aad a defroster outlet 53 for feeding the condi-
tioned air toward a fi'ont glass (not shown) of the automotive
vehic)e. A ventilator door 55, a foot door 56, and a dei'roster

so door 57 are disposed in the air mixing chamber 47. The
ventilator door 55 is arranged to open and close the venti-
lator outlet 51 according to the operation of a ventilator door
actuator (not shown) which is conn'oiled by the control unit
43. The foot door 56 is arranged to open and close the foot

ss outlet 52 according to the operation of a foot door actuator
(not shown) which is controBed by the control uait 43. The
defroster door 57 is arranged to open and dose the def'roster
outlet 53 according to the operation of a defmster dom
actuator (not shown) which is controlled by the control unit

m 43. The ventilator outlet 51 is constituted by center vent.
outlets 51b and the 51c and side vest. outlets 5fa and 5ld.

A circulation passage 71 is disposed to conununicate the
air mixiag chamber 47 and the inner air inlet 40. A circu-
lation door 74 is disposed at aa opening 72 of the circulation

ss passage 71 which opening is formed in the vicinity of the air
mixing chamber 47 in the duct 39. A switching door 75 is
disposed at a branch portion 73 between the circulation
passage 71 and the inner air inlet 40. The circulatioa door 74
is atranged to open snd close the opening 72 by means of an

so inlet door actuator (not shown) which is driven according to
a signal f'mm Ihe conbol unit The switching door 75 is
arranged to chaage a communicating condition of the branch
portion 73 by means of an outlet door actuator (not showa)
which is driven according to a signal from the control unit

ss 43. That is, the conditioned air is circulated from the air
mixing chamber 47 to an upstream side of the blower fan 37
when the circulation door 74 and the switching door 75 are
opened wherein the switching door 75 is positioned to close
the inner air port 40.

Herein. physical amounts used in the explanation of the
embodiments wifi be defined as follows:

T is aa inlet air temperanue of the heat-absorbing inner
heat exchanger 35 and is detected by a heat-absorbing
inner heat exchanger inlet-air temperature sensor 58;

ss T~ is an outlet air temperature of the heat-absorbing
inner heat exchanger 35 aad is detected by a heat-
absorbing inner heat exchanger outlet-air sensor 59;
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T„ is an outlet air temperature af the heat-radiating inner
heat exchanger 33 and is detected by a heat-radiating
inner heat exchanger outlet-air temperature sensor 60;

T„~ is an outlet air teraperature fmm Ihe ventilator outlet
port 51;

T~ is an air temperature of the outside of the vehicle and
detected by an ambient temperatme seasor 62;

T is an air temperature of the passenger compartment
and detected by a room air temperature sensor 63;

T~ is a preset air temperature of the passenger compart-
ment and is preset by the a room air temperature sening
device 64;

Tw is a target outlet air temperature of the air conditioner;

T in is an inlet refrigerant temperature of the heat-
absorbing inaer heat exchanger 35 and is detected by
the heat-absorbing inner heat exchanger inlet-
rehigerant temperature seasor 68;

T ~ is an outlet refrigerant temperature of the heat-
radiating inaer heat exchanger 33 and is detectcxl by the
heat-radiating inner heat exchanger outlet-refrigerant
temperature sensor 67;

T, is an inlet refrigerant temperature of the compressar 31
and is detected by the refrigerant thermal pmperty
detenor 205;

Qsun is a solar radiation amount and is detected by a solar
radiatioa amount sensor 61;

Xa is an opeaing degree of the air raixing door;

W~ is a control signal indicative of an input of the
compressar 31;

V~ is a voltage applied to the blower motor 44; and

V is an air gow rate passing through the heat-absorbing
inner heat exchanger 35.

The eoatrol unit 43 is constituted by a nucro computer. a
memory, an A/D converter. an actuator driving circuit sad an
interface circuit. The control unit 43 is connected to thermal
information detecting means such as the inlet air tempera-
ture sensor 58 far the heat-absorbing inner heat exchanger
35, the outlet air tempczatuce sensor 59 for the heat-
absorbing inner heat exchanger 35, the outlet air temperature
sensor 60 for the veatilator outlet 51, the solar radiation
sensar 61. the outer air (ambient) temperature sensor 62. the
room air temperature sensar 63, the mom air temperature
setting device 64 which is disposed in an air-coaditioner

panel 89, an outlet-port mode switch 65, a blower fan switch
66, the outlet-tekrigerant temperauue sensor 67. and the
ialet-refrigerant teiuperature sensor 68.

The contml uait 43 calculates target air-conditioned state,
such as Ihe opening degree Xa, the input value W~ of ihe
compressor 31. the air gow rate V passing through the
heat-absorbing inner heat exchaager 35, and the target outlet
air temperature T~ according to the thermal infarmation
I'rom the thermal information detecting means. Furthennare.
on the basis of the calculated values, the contml unit 43
controls the compressor 31, the blower fan motor 44, the
air-mixing door actuator, the return door actuator. the vea-

tilator door actuator, the foot doer actuatcr, and the defroster
door actuator such that the air-coaditioned state corresponds
with the calculated target air-conditioned state. The heat-
absarbing inner heat exchanger ialet-air tempmature sensar
58 detects the inlet air teraperature T and seeds it to the
eonnal unit 43. The heat-absorbing inner heat exchaager
outlet-air temperature sensor 59 detects the outlet air tem-

perature T~ and sends it to the control unit 43. The
heat-radiating inner heat exchanger outlet-air temperature
sensor 60 detects the outlet air temperature T„and sends it

to the control unit 43. The solar radiation sensor 61 detects
the solar radiation amount Q to the vehirie and sends it to
thc control unit 43. The ambient air temperature sensor 62
detects the ambient air temperature T,~ and sends it to Ihe

s control unit 43. The roam air tnnperature sensor 63 detects
the mom air temperature T. and sends it to the control unit
43. The preset room temperature T n set at the room
temperature setting device 64 is sent to the control unit 43.
The heat-absorbing inner heat exchanger inlet-refrigeran

ia temperature sensor 67 detects the outlet refrigerant tempera-
tureT„, of the refrigerant outlet of the heat-radiating inner
heat exchanger 33 and sends it to the control unit 43. The
heat-absorbing inner beat exchanger inlet-relrigerant tem-
perature sensor 68 detects the inlet refrigerant temperature

is T,;„aad sends it to the control unit 43. Such detected data
functions as the thermal information.

During the heatiag operation, the control unit 43 judges
according to the target outlet air temperature T~ whether it
is necessary to rapidly warm the passenger compartment or

zo not. If it is accessary to rapidly warm the passenger
compartment, a heating warm-up control is implemented. If
aot, a normal heating operation is implemented. During the
heating warm-up control, oa the basis of the deference
between the target outlet air temperature T& and the outlet

zs air temperature T„„of the heat-radiating inner heat
exchanger 33, and the dftfecence between the outlet air
temperature T ~ of the heat-absorbing inner heat exchanger
33 and a preset temperature Tsetl for preventing the I'reezing

of the heat-absorbing inner heat exchaager 35, the control
so unit 43 controls the compressor 31. the refrigerant heaters

200 and 201, the expansion valve 34. the blower motor 44,
the auxiliary heater 76. the air mixing door 46, the mspective
doors 55 to 57 of the outlet parts 50 to 53, the circulation
door 74, the switching door 75 and the like, so as to increase

ss the input of the compressor 31 while prevenring the freezing
of the heat-absarbing inner heat exchanger 35. That is, the
control unit 43 implements an operatioa. such as a tempo-
rary lowering of the inlet air gaw rate to the heat-radiating
inner heat exchanger 33 by contmlling the air mixing door

4a 46„a temporary increase of the inlet air temperature of the
heat-radiating inner beat exchanger 33 by cantmlling the
auxiliary heater 76, ar a temporary decrease of the Sowing
amount of the refrigerant by controlling the expansion valve
34, in order to avoid the lowering of the refrigerant tem-

cs perature aad to avoid the heezing of the heat-absorbing
inner heat exchanger 35.

With reference to flow charts of FIGS. 4 to 6. the manner
of controlling operation of the first embodiment of the heat

pump type air conditioner according to the present invention
sa witt be discussed heceinaner,

The gow chart in FIG. 4 is started with the start of the
control unit 43 which is started by the turn-oa of a main
switch of thc air conditioner. As shown in FIG. 4. in a step
S1001, coastants A to H. P, and Q are set in the control unit

ss 43. In this program. the constants A to E are applied to an
equatioa by which the target outlet air temperature T~ is
calculated, the coastants F. G, and H are applied to an
equation by which the openiag degree X of the air mixing
door 46 is calculated, and the constaats P and Q are used as

m a carrection of the preset room temperature T
In a step S1002, the control unit 43 reads on the outputs

from the various sensors (the thermal information detecting
means), such as the output sigaal indicative of the rorno air
temperature T. from the room air temperature sensor 63, the

ss output signal indicative of the solar radiatioa Q of ihe
solar radiation sensor 61, the output signal indicative of the
ambient air temperature T~ of the ambient air temperature
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sensor 62, the output signal indicative of the preset mom air
temperature T of the room air temperature setting device
64, and an output sigaal indicative of a preset value V~,»
set by the fan switch.

In a step S1003. the applied voltage Vn,„of the blower fan 3

37 is determined according to a ddference (T -Ta»)
between the preset room air temperature T~ and the room
air temperature T., in order to contml the air flow rate
caused by the blower fan 37. In concrete terms, as is clear
from a graph shown in the step S1003. the applied voltage lo

Vn is increased in accordance with the increase of the
difference (T -T~) so as to rapidly approach the raom air
temperature T to the preset room air temperature T

In a step S1004. the anrection of the preset room air
temperature T»» is implemeated by using the following ls
equation:

T».=T~,+P»T~4(2

In concrete terms, when the ambient air temperature T~
is low. the preset room air temperature is increased. When
the ambient air temperature is high, the preset room air
temperature is decreased. This correction is implemented by
the following reason: Normally, men feel coal when the
room air temperature is lowered under an environment
where men feel hot. and feel warm when the room air
temperature is increased under an eavironment where men
feel coltL Thus, by carrecting the preset room air tempera-
ture so as to be in reverse proportion to an environmental
temperature. men receive thermal stimulation and obtain so
amenity.

In a step 51005, the target outlet air temperature Tw is
calculated by using the fofiowing equation:

T~xr~+rr4T 4cxr~'+Dxg +rt
35

where A. B, C, D. and H are constant, T~ is the ambieat
air temperature, T is the room air temperature, Ta»'s a
corrected preset room air~e, and Q is the solar
radiation amount.

In a step S1006, the outlet-port mode is determined on the ao

basis of the target outlet air temperature T~ 'Ibat is, when
the target outlet air temperature Tw is high. the FOOT mode
is selected so as to feed the conditioned air to passenger's
feet. Whee medium, the BI-LEVEL made is selected so as
to feed the conditioned air to passenger's feet and breast. 43

When low, the VENT mode is selected so as to feed Ihe
conditioned air to passenger's beast.

In a step S1007, it is judged whether the blower fan switch
66 is turned on by a passenger or not. When the blower fan
switch 66 is turaed on, the programproceeds to a step S1008 so
wherein the value V~~ is determined as a final value (fan
preset value V~'—V~~). When the blower faa switch 66
is not turned on, the program proceeds to a step S1009
wherein the value V~ determined in the step S1003 is used
as a blower faa voltage V~'Vn '»V~. 33

In a step S1010. the blower fan voltage V~', which is
determined in the step S1008 or step S1009. is outpuned to
the blower fan motar 44.

In a step S1011, the oorresponding signals to the outlet
port mode set in the step S1806 are outputted to the door sa
actuators such that the corresponding doors are automati-
cally disposed at predetermined positions, respectively.

Following this. the program proceeds to a step S1012
wherein it is judged which operation made should be
selected. That is. it is judged whether the target outlet air es
temperature Tw is lower than 20'., higher than 30'. ar
neither of them When the target outlet air temperature T~

is lower than 20' (T~20'.), the program protx:eds to
a step S1013 wherein a cooling mode is selected to imple-
ment the cooling operation. When the target outlet air
temperature T~ is higher than 30'. (Taa30'.). the
program proceeds to a step S1015 wherein a heating mode
is selected to implement the heating operation. When the
target outlet air temperature T&is not lower than 20'. and
not higher than 30'. (20* C. ~T +30'.), the program
proceeds to a step S1014 wherein a vent. mode is selected
to implement a ventilating operation.

In the step S1013, the three-way valve 32 is switched at
the first position such that the first passage is selected in the
refrigeratioa cycle of the air conditioner and the cooling
operation is implemented. In the step S1014, the refrigera-
tion cycle of the air conditioner is stopped, aad only the air
ventilating operation is implemented. Following the step
S1014 the program proceeds to a step S1019 wherein the
upstream and downstream refrigerant heaters 200 and 201
are turned oif. Following this, the pmgram proceeds to a step
S1021 wherein the compressor control and the compressar-
motor contml are implemented to coalrol the input to the
compressar 31. After the execution of the step S102L the
program returns to the step S1002 of FIG. 4.

When the cooling mode is selected. as is similar to a
normal refrigeration cycle, the refrigerant compressed by the
compressar 31 is changed from the gas-phase into the
liquid-phase at the outer heat exchanger 38. Then. it is
expanded by Ihe expansion valve 34 in a manner of adiabatic
expansion and vaporized at the heat-absorbing inner heat
exchanger 35. The air directed to the passenger compartment
passes through the heat-absorbing inner heat exchanger 35
for cooling and is supplied to the passenger compartment. In
additioa. since the air conditioaer is provided with the
heat-radiating inaer heat exchanger 33 between the outer
heat exchaager 38 and the expansion valve 34 through
refriga ant conduits, it is possible to reheat the air cooled at
the heat-absorbing inner heat exchanger 35 partially or
totally. Accordingly, with this air conditioner, it becomes
possible to supply the reheated air and the cooled air to a
lower portion and an upper porhoa of the passenger
compartment. respectively, so as to form a head-cool aad
foot-warm condition. On the other hand. when the ventila-
tion mode is selected, the refrigeration cyde of the air
conditioner is not operated and the air of the outside is
supplied to the passenger compartment so as to apply an
appropriate windy feeling to passengers. After the execution
of the step S1013 or S1014, the program proceeds to a step
51019.

In the step S1015 the three-way valve 32 is switched at the
second posifion such that the second passage is selected in
the refrigerafion cycle of the air conditioner and lhe heating
operation is implemented.

Following the step S1015, the program proceeds to a step
S1016 wherein it is judged according to the ambient tem-
perature T ~ lhe room temperature T», the correctedpreset
temperatureT~ the target outlet air temperature T~and the
like whether the warm-up operatioa is implemeated or not.
When the judgment in the step S1016 is "YES", the prognun
proceeds to a step S1017 wherein the inlet refrigerant
temperature T, at the suction side af the compressor 31 is
detected by the refrigerant thermal property detector 205.
When the judgment in the step S1016 is "NO". the program
proceeds to the step S1019 so as to implement a normal
heating operation.

Following the step S1017, thc program proceeds to a step
S1018 wherein the detected inlet refrigerant temperature T,
is compared with the preset standard value T,~ When the
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inlet refiigemnt temperature T, is lower than Ihe preset
standard value T, (T,&T,~), the program proceeds to a

step S1020 wherein the upstream and downstream refriger-
ant heaters 200 and 201 are turaed oa for heating the
refrigerant That is. ia Ibis situation, it is necessary that the
sir conditioner is quickly operated at a predetermined heat-

ing performance. Accordingly. the refrigerant sucked into
the corupressor 31 which refrigerant will be in a liquid-phase
is heated by Ihe upstream and the downstream refiigerant
heater 200 snd 201. When the inlet refrigerant temperature
T, is higher than or equal to the preset standard value T, „
(T,z'T,~. the programproceeds to the step S1019. That is.
in this situation, it is not required that the air conditioner is
quickly operated at a predetermined heating perfarmance.
Accordingly. Ihe upstream and the downstream refiigerant
heater 200 aad 201 are turned ofi'ince the refrigerant
sucked into the compressor 31 is in the gas-phase. When one
of the cooling mode, the ventilation mode and the normal
heating thermal control operation (not warm-up operation) is
selected. it is aot necessary to quickly ensure a predeter-
mined heating performance. Accordingly. the upstream and
downstream refrigeraot heaters 200 and 201 are turned ofi,

With the thus arranged air conditioner accarding to the
present invention, the refrigerant is heated by the upstream
and downskeam refrigerant heaters 200 and 201 installed to

the conduits of the inlet and outlet of the heat-absorbing
inaer heat exchanger 35 when the inlet refrigerant tempera-
ture T, is lower than the staadard value T„~ Therefare,
even when the engine of the automotive vehicle just has

been started, s sufltcient heating performance is ensured
without lowering the inlet refiigeraat temperature T, to a

liquidized temperature. Accordingly, the condition of the
passenger compartment is kept comfortable while Ihe gen-
eration of window-fogging is avoided. Also. since the refrig-
erant is sucked into the compressor 31 after it is stdflciently

put into a gas-phase condition, the pressure drop at the
low-pressure side conduit far the refrigerant is lowered
Accordingly, it becomes possible to quickly raise the pres-
sure in the high-pressure side conduit by the increase of the
fiow rate of the refrigerant. This enables the stdficient
heating performance to be ensured fi om a flme just after the
starting of the engine.

Referring to FIGS. 7 to 9, there is shown a second
embodfnmnt of Ihe heat pump type air conditioner according
to the present iaveation.

FIG. 7 shows a refrigeration cycle of the second embodi-

ment. In the second embodiment, an upstream bypass con-

duit 250 is disposed parallel with the upstream refrigerant
heater 200. snd a downstream bypass conduit 251 is dis-

posed paraflel with the dowastream refrigerant heater 201. in
addition to Ihe construction of the first embodiment Further,
an upstream main passage valve 206 is disposed upstream of
the upstream refrigerant heater 200. and an upstream bypass
valve 207 is disposed on the upstream bypass conduit 250.
A downstraun main passage valve 208 is disposed down-
stream of the downstream refiigerant heater 201, and a
downstream bypass valve 209 is disposed on Ihe down-

stream bypass conduit 251. The respective valves 206, 207,
208 and 209 are conaected to the conhol unit 43 and
contmlled far switching tbe respective refrigerant passages
in the refrigeration cycle of the air conditioaer. The refiig-
erant thermal property detector 205 is of an elecuostatic-
capacity type sensor and detects the phase condition of the
mfrigerant by utilizing the diifereace between electrostatic-
capacities of the liquid-phase and the gas-phase.

The manner of controlling operation of the second
embodiment of the air conditioacr wifl be discussed here-
inafter with reference to a fiow chart of FIGS. 8 and 9.

12
As is similar to the first embodimeat, the control operation

of the second embodimeat starts from the flow chart of FIG.

4 and the program of the second embodimeat shown in FIG.

8 follows to the flow chart of FIG. 4. Steps S1107 to S1116

6 in FIG. 8 is completely the same as the steps S1007 to S 1016

in FIG. 5. Accardingly, the explanation of the same steps
will be omitted. When the judgment in the step S1116 is
"YES", that is, when the warm-up control is implemented„
the program proceeds to a step S1117 wherein tbe phase-

Ia conditioa of the refrigerant at the inlet side of the compres-
sor 31 is detected by the rcfiigerant thermal property detec-
tor 205. Following the step S1117, in a step S1118 it is

judged accarding to the detect refrigerant phase-condition
whether the refrigerant at the inlet of the compressor 31 is

m in a gas-phase or in a liquid-phase ar gas-liquid mixed
phase. When it is judged in the step S1118 that the refrig-
erant is in the gas-phase, the program proceeds to a step
S1119 wherein the upstream and downstream refrigerant
heaters 200 aad 201 are turned oif. Following the step

zo S1119, the program proceeds to s step S1121 wherein the
downstream bypass conduit 251 is opened and the flow of
the refiigerant into the downslream refrigerant beater 201 is

stopped by operating the valves 208 and 209. 'Iben, in a step
S1123 wherein the compressor control and the compressar-

zs motor control are implemented to control the input to the
compressor 31. When it is judged in the step S1118 that the
refrigerant is in the liquid-phase or gas-liquid mixed phase,
the program proceeds to a step S 1120 wherein the upstream
and downstream rcfiigerant heaters 200 and 201 are turned

30 on. Following the step S1120. the programproceeds to a step
S1122 wherein Ihe downstream bypass coaduit 251 is closed
and the Sow of the refrigerant into the downstream refrig-
erant heater 201 is permitted by operating the valves 208 and
209.

ss With the thus arranged air coaditioner of the second
embodiment according to the present invention, the bypass
conduits 250 and 251 for bypassing the upward and down-
ward refrigerant heaters 200 and 201 are disposed at the
upstream and downsnuam sides of the heat-absorbing inner

m heat exchanger 35, respectively. Further, the refrigerant
thermal-property detector 205 is arranged so as to detect tbe
phase-condition of the refrigerant sucked into the cornpres-
sor 31. Accordingly, when the refrigerant is in the gas-phase
condition, the refrigerant is Sowed to pass through the

46 downward bypass conduit 251 without passing through rhe

downward refrigerant heater 201 in order to heat the refrig-
erant. When the refrigerant is in the liquid-phase or gas-

liquid mixed phase. the refrigerant is flowed to pass through
the downstream refrigerant heater 201 without passing

so through the downstream bypass conduit 251. Accordingly,
the refrigerant in the liquid-phase is efiectively heated by the
downward refrigerant heat 201 so as ta be sufflciently
vaporized. Furthermore, the refiigerant in the gas-phase
passes through the bypass coaduit 251 which generates little

ss pressure loss. Therefore. the refrigerant is sucked into the
compressar 31 atter being suflfciently vaparized. the pres-
sure drop of the low-pressure side passage in the refrigera-
tion cycle is lowered. and the pressure in the high-pressure
side in the refrigeration cycle is quickly raised by the

6o increase of the flow rate of the refrigerant. This ensures the
sufflcient heating performance fiam a start of the heating
operation.

Referring to FIGS. 10 and 11, there is shown a third
embodiment of the heat pump type air conditioner according

66 to the present invention.
This third embodiment is arraagcd such that the control

unit 43 judges the dehumidified coadition of the passenger
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compartment on the basis of the ambient teinpeture T~
aad the outlet air temperature Tout of the heat-absorbing
inner heat exchanger 35 aad controls the upstream re&iger-
ant heater 200 according to the detected dehumidified
conditioa, when rhe refrigerant sucked into the compressor
31 is in the liquid-phase or liquid-gas mixed phase. The
construction of the third embodiment is the same as that of
the first embodiment shown in FIGS. I to 3. and therefore
the explanation thereof will be omtttaL

FIG. 11 shows a graph for deciding the dehumidified
conditioa in the passenger compartment. In this graph, the
horizontal line indicates the ambient temperature T~('.),and the vertical line indicates the outlet air te perature
T,„, ('.) of the heat-absorbiag inner heat exchanger 35.
When a point decided according to the detected ambient
temperatureT ~ aad the detected outlet air temperature T r
is positioned within a hatching area in FIG. 11, the connol
unit 43 judges that the coaditioned air is suificiently dehu-
midified On the other hand. when the point decided acoord-
ing to the detected tempemtures T~ and T, is out of the
hatching area, the coatrol unit 43 judges that the conditioned
air is not dehumidified.

FIG. 11 shows a fiow chart for conuolling the upsneam
refrigerant heater 200 according to the dehumidified condi-
tion of the conditioned air from the air conditioaer.

This fiow chart is continued from the fiow chart of FIG.
8. That is. the program of the third embodiment includes
steps S1201 to S1218 which is completely thc same as the
steps S1101 to Slllg of the second embodiment. When tbe
warm-up control is required and when the refrigerant sucked
into the compressor 31 is in the liquid-phase or gas-liquid
mixed phase, the program proceeds to a step S1219 wherein
the control unit 43 judges the dehumidified condition of the
conditioned air. Whee it is judged in the step 1219 that the
coaditioned air is dehumidifietk the pmgram proceeds to a
step S1221 wherein the upstream refrigerant heater 200 is
turned on. When it is judged in the step S1219 that the
coaditioned air is not dehumidified, the program proceeds to
a step 1220 wherein the upstream refrigerant heater 200 is
turned off. Fofiowing the step S1220 or S1221, the program
proceeds to a step S1222 wherein the compressor and
compressor motor are controlled for the heating operation.

With the thus arranged air conditioner according to the
present invention. the upstream refrigerant heater 200 is
disposed upstream of the heat-absorbing inner heat
exchanger 35, the phase conditioa of the refrigerant sucked
into the compressor 31 is deteaed by the refrigerant thermal
property detector 205. and the control unit 43 detects the
dehumidified condition of the conditioned air accordiag to
the ambient temperature T~ and the outlet air tanperature
T „, of the heat-absorbing inner heat exchanger 35.
Accordingly, whee the refrigerant sucked into the compres-
sor 31 is in a liquid-phase or gas-liquid mixed phase, Ihe
refiigerant is heated by the upstream refrigerant heater 200.
This eaables proper heating of the refrigerant while keeping
the window-defogging perfonnance in addition to the pre-
ferred perfonnance obtained by the first embodiment

Referring to FIGS. 12 and 13, there is shown a fourth
embodiment of the air coaditioaer according to the present
invention, in which the beating output of the downstream
refiigerant heater 201 is controlled acaading to thc phase
condition of the refrigerant.

In this fourth embodiment. as shown in FIG. 12, a
refiigerant phase conditioa detector 210 is installed to a
conduit betweea the heat-absorbing inner heat exchanger 35
and the downstream refrigerant heater 201. 'Ibe refrigerant
phase condition detector 210 detects the ratio between the

gas-phase and the liquid-phase of the refrigerant. The ratio
of the gas-phase and the liquid-phase is called as a void ratio.
When the void ratio is 0%, the refiigerant is perfectly in the
liquid-phase. When the void ratio is 100%, the refrigerant is

s perfectly ia tbe gas-phase. The control unit 43 controls the
downstream refrigerant heater 201 according to the void
ratio detected from the refrigerant phase-condition detector
210. The other construction of the fourth embodiment is the
same as that of the first embodiment. Accordingly, the

io explanation thereof wfil be omitted.
FIG. 13 shows a fiow chart for controlling the dowa-

stream refiigerant heater 201 according to the void ratio of
the refrigeraat. With reference to the flow chart of FIG. 13.
the manner of coatrolling operation of the fourth embodi-

is recut of the air conditioner according to the preseat inven-
tion will be discussed hereinafter.

This fiow chart is contiaued froru steps S1301 to 1316
which are the same as the steps S1001 to 1016 of FIGS. 4
and 5 although not shown in Figures.

zo When the warm-up control is required, that is, when the
judgment in the step S1316 corresponding to the step S 1016
is "YES". the program proceeds to a step S1317 wherein the
detection of the void ratio is implemeated. Following the
step S1317. the progrun proceeds to a step S1318 wherein

zs it is judged whether the void ratio is greater than 80% or not.
When it is judged in the step S1318 that the void ratio is
greater than 80%, the program proceeds to a step S1319
wherein the downstream refrigerant heater 201 is turned oK
When it is judged in the step S1318 that the void ratio is

so smaller than or equal to 80%, the program proceeds to a step
S1320 wherein it is judged whether the void ratio is within
a range fiom 50% to 80% or not. When it is judged in the
step S1320 that the void ratio is within the range from 50%
to 80%, the program pmceeds to a step S1321 wherein 20%

ss output power is ouiputted from the downstream refiigerant
heater 201. When it is judged in the step S1320 that the void
ratio is not within the range farm 50% to 80%, the program
proceeds to a step S1322 wherein it is judged whether the
void ratio is within a range fmm 20% to 50% or aot. When

so it is judged in the step S1322 that the void ratio is in the
range from 20% to 50%. thc program proceeds to a step
S1323 wherein 50% output power is outputted from the
downstream refrigerant heater 201. When it is judged in the
step S1322 that the void ratio is not within the range f'rom

ss 20% to 50%. the program proceeds to a step S1324 wherein
it is judged whether the void ratio is within a range from 0%
to 20% or not. When it is judged in the step S1324 that the
void ratio is smaller than or equal to 20%, the program
proceeds to a step S1325 wherein 100% output power is

so outputted fram the downstream refrigerant heater 201.
When the judgment in the step S1324 is "NO". the program
proceeds to a step S1327 whereia the control of the com-
pressor 31 and the compressor motor is implemented.
Similarly, after the implementation of the step S1319.

ss S1321, S1323 or S1325. the program proceeds to the step
S1327.

In case of the cooling mode. ventilation mode or normal
heating in which the warm-up control is not nea:ssary. the
program proceeds to a step S1326 wherein the downstream

so relrigerant heater 201 is turned olf. Following the step
S1326 the program pmceeds to the step S1327.

With the thus arranged air conditioner a~g to the
present invenrion, the downstream refiigerant heater 201 is
disposed downstream of the heat-absorbing ianer heat

ss exchanger 35. and the refrigerant phase condifion detector
210 is disposed between the heat-absartnng inner heat
exchanger 35 and the downstream refrigerant heater 201.
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such that the output power of the downstream refiigerant
beater 201 is varied accordiag to the void ratio detected by
the refrigerant phase coadition detector 210. Accordingly, it
becomes possible to apply heat to the liquid-phase refriger-
ant without excessively heating the gas-phase refiigerant
upon ensuring the merits of the first embodiment.

Refemng to FIGS. 14 and 15, there is shown a fifth
embodhnent of the heat pump type air conditioner according
to the present invention. in which basically the downstream
refrigeraat heater 201 is controlled according to the phase-
coadition of the refrigerant sucked into the compressor 31.

FIG. 14 shows a refrigeration cyde of the fifth embodi-

ment of the air coaditioner according to the present inven-

tion. As is similar to the second embodiment, the upstream

bypass conduit 250 is disposed parallel with the conduit for
the upstream refrigerant heater 200, and the downstream
bypass coaduit 251 is disposed parallel with the conduit for
the downstream refrigerant beater 201. Furtbrx, the upstream
main passage valve 206 is disposed upstream of the
upstream refrigerant heater 200. the upstream bypass valve
207 is disposed oa the upstream bypass conduit 250, a
downstream main passage valve 208 is disposed down-

stream of the downstream refrigerant heater 201 and a

downstream bypass valve 209 is disposed on the down-

stream bypass conduit 251. The respective valves 206. 207,
208 and 209 are connected to the control unit 43 and
operated for switchiag the refiigerant passage in the refrig-
eration cycle of the air conditioner by the control unit 43. An
eiecnastatic capacity type sensor is used as the refrigerant
thertnal property detector 205 so as to detect the phase
condition of the refiigerant by utilizing the dfiference of the
elecn'ostatic capacity between the liquid phase and the gas
phase. Further. the refiigerant phase-condition detector 210
is disposed downstream of the heat-absorbing inner heat
exchanger 35. Tbe other construction of the fifth embodi-

ment is the same as that of the second embodiment.
FIG. 15 shows a flow chart for controlling the refrigerant

passage aocording to the void ratio of the refiigerant. With
reference to the liow chart of FIG. 15. the manner of
controlling operation of the fifth embodiment of the air
coaditioner according to the present invention will be dis-

cussed hereinafirr.
The fiow chart of FI. 15 is mntinued fiom steps S1401

to 1416 which are the same as the steps S1101 to 1116 of the
second embodiment although not shown in Figures.

When the warm-up control is required. that is, when the

judgment in the step S1416 corresponding to the step S1116

is "YES". the pmgram proceeds to a step S 1417 wherein the
detection of the void ratio is hnplementrtk Following this, it
is judged in a step S1418 whether the void ratio is smaller
that 20% or not When it is judged in the step S1418 that the
void ratio is smaller than 20%, the program proceeds to a

step S1420 wherein the bypass pipe 251 is closed by
conuolling the selector valves 208 and 209 so as to fiow the
refrigerant into the downstream refiigeraat heater 201. Then,
the program proceeds to a step S1422 wherein the down-

stream refrigerant heater 201 is turned on for heating the
refrigerant. That is, when tbe void rabo is smaller than 20%,
the refrigerant seems to be almost all in the liquid-phase. If
such refrigerant is sucked into the compressor 31, it may
happen some troubles in the compressor 31 due to an
abnormal pressure increase. Accordingly, in order to avoid
such tmubles, the refrigerant to be sucked into the cornpres-

sor 31 is vaporized by the heating of the downstream
refrigerant heater 201.

On the other hand, when it is judged in the step S1418 that
the void ratio is not smaller than 20%. the program proceeds

16
to a step S1419 wherein the bypass pipe 251 is opened by
controlling the selector valves 208 and 209 so as to flow the
refiigerant into the downstream bypass conduit 251. Then,
the program proceeds to a step S1421 wherein the down-

s stream refiigerant heater 201 is turned olf. That is, when the
void ratio is not smaller that 20%, the refrigerant is in the
gas-liquid mixed phase. Accordingly, it is not necessary to
heat the refrigerant to be sucked into the compressor 31.

After the execution of the step S1421 or S1422, the
iO program proceeds to a step S1423 wherein the control of the

compressor 31 aad the compressor motor is implemented.
Although the refrigerant passage is arranged such that the

refiigerant selectively flows one of the downstream refrig-
erant heater 201 or the bypass pipe 251, it will be understood

is that the refrigerant passage may be arranged such that the
refiigerant variably flows both the downstream refrigerant
heater 201 and the bypass pipe 251.

With the thus arranged air conditioner according to the
present invention, the fiow rate of the refrigerant to the

zo bypass pipe 251 is increased according to the increase of the
ratio of the gas-phase of the refrigerant, and the fiow rate of
the refrigerant to the downstream refrigerant heater 201 is

increased according to the increase of the ratio of the
liquid-phase of the refrigerant. Accordingly, the gas-phase

zs refiigerant fiows through the bypass pipe with small pres-
sure drop, and the liquid-phase refiigerant is vaporized by
the heating of the downstream refrigerant heater 201. As a
whole. the refrigerant is sucked into the compressor 31 after
sufiicientiy vaporized. the pressure drop in the low-pressure

zo side in the refrigerant cycle is Ioweresl and the pressure of
the high-pressure side is rapidly raised by the increase of the
refrigerant fiow rate. Therefore, a sulficient heating perfor-
mance can be ensured i'mm the start of the engine.

Refemng to FIGS. 16 to 18, there is shown a sixth
zs embodiment of the air mnditioner according to the present

invention, in which an accumulator 211 is added to the
construction of the fifth embodiment. The accumulator 211
is disposed at the suction side of the compressor 31 and
functioas as a pressure container for delivering the gas-

so phase refrigerant to the compressor 31.
As shown in FIG. 17, the refrigerant fiom the heat-

absorbing inner heat exchanger 35 is delivered to a lower
portion in a pressure container 302 through an inlet contluit
301. The inlet conduit 301 is embedded into the pressure

ss container 302 such that an end portion of the inlet conduit
301 is located at a lower portioa in the pressure container
302. Both of the gas-phase refiigerant and the liquid-phase
rcfrigeraat are in the pressure container 302. and the liquid
level of the refrigerant changes according to the void ratio in

so the pressure container 302. That is, when the void ratio is
increased, the liquid level of the refrigerant is lowered in the
accumulator 211. When the void ratio is decreased, the
liquid level of the refrigerant is raised. An electrode 304 of
a 4-divided type and an electrode fioat 305 are disposed in

ss the pressure container 302 in order to detect the liquid level
303, and are arranged such that the electrode float 305 slides

along the electrode 304 and is in contact with a part of the
electrode 304 isxresponding to the liquid level 303, and that
the control unit 43 receives a signal indicative of the liquid

so level 303 through an electrode wiring 306. That is, whee the
electrode iloat 305 is electrically in contact with a lowest

part of the 4-divided electmde 304, the contml unit 43
receives a signal indicative that the liquid level 303 is low.

When the electrode float 305 is in contact with a second
ss lower part of the 4-divided electrode 304, the control unit 43

receives a signal indicative that the liquid level 303 is

slightly low. When the electmde fioat 305 is in contact with



17

5.706,664
18

a second higher part of the 4-divided electrode 304, the
control unit 43 receives a signal indicative that the liquid
level 303 is slightly high. When the electrode fioat 305 is in
contact with a highest patt of the 4divided electrode 304,
the coatroi unit 43 receives a signal indicative that the liquid s

level 303 is high.
An outlet conduit 307 is embaidcd in the pressure coa-

taiuer 302 such that an end of the outlet conduit 307 is
located at an upper portion in the pressure container 302.

With reference to a fiow chart of FIG. 18. the manner of to

controlling operation of the sixth embodiment will be dis-
cussed hereinafter.

This fiow chart is continued fiom steps S1501 to S1516
(not showa) which are the same as the steps S1101 to S1116
of the second embodiment. As shown in FIG. 18. following ts
to the step S1516. in a step S1517 the liquid level of the
refrigerant is detected. Ia a step S151$ it is judgedwhetha'he

liquid level 303 is low m not. When the judgment in the
step S1518 is "YES the program proceeds to a step S1519
wherein the downsneam re&igemnt heater 201 is turned oK zo

That is, it is not necessary to heat the refrigerant since the
refrigerant in the accumulator 201 is generally in the gas-
phase. Whee the judgment in the step S151$ is "NO". the
program pmceeds to a step S1520 wherein it is judged
whether the liquid level 303 is slightly low or not. When the 25

judyuent in the step S1520 is 'YES". the program proceeds
to a step S1521 wherein 50% output power is outputted from
the downstream refrigerant heater 201. When the judgment
in the step S1520 is "NO", the program proceeds to a step
S1522 wherein it is judged whether the liquid level is so

slightly high or not. When the judgment in the step S1520 is
"YES". the program proceeds to a step S1523 wherein 70%
output power is outpuued from downstream refrigerant
hester 201. When the judgment in the step S1522 is "NO",
the program proceeds to a step S1524 wherein it is judged ss
whether the liquid level 303 is high or not. When the
judgment in the step S1524 is "YES", the program proceeds
to a step S1525 wherein 100% output power is outpuued
from the downstream refrigerant heater 201. When the
judynent in the step S1525 is "NO". the program proceeds so
to a step S1527 wherein the control of the compressor 31 and
the compressor motor is unplemented Similarly, after the
execution of the step S1519. S1521, S1523 ar S1525 the
program proceeds to the step 51527,

In case of the cooling mode, ventilation mode or normal ss
heating in which the warm-up control is not necessary. the
program proceeds to a step S1526 wherein the downstream
refrigerant heater 201 is turned otf. Following the step
S1526 the program proceeds to the step S1527.

With the thus arraage air conditioner according to the so

present. inventioa. the phase condition of the refrigeraat
sucked into the oompressor 31 is detected according to the
liquid level 303 in the accumulator 21L Accordingly. it
becomes possible to finely detect the phase coadition of the
refrigerant without large increasing the production cost, ss

Referring to FIG. 19, there is shown a seveath embodi-
ment of the air conditioner according to the present inven-
tion. The construction of the seventh embodiment is geaer-
ally the same as that of the first embodiment except that a
heating container 310 are disposed downstream of the so
heat-absorbing inner heat exchanger 35 instead of the
upstream and downstream refrigerant heaters 200 and 201.

As shown in FIG. 19. a plurality of PfC heaters 311 for
heating the refrigerant are conceatratedly disposed at a
lower portion of the container 310 of the refiigerant heater ss
unit as shown in FIG. 19 and arranged to receive driving
electric power through a heater wiring 312. Since the

liquid-phase refrigerant is Sowed toward a lower portioa of
the container 310 fmm the heat-absorbing inner heat
exchanger 35. the refrigerant is effecfively heated by the
FTC heaters 311. On the other hand. the gas-phase refrig-
erant passes thmugh an upper portion of the container 310
and is delivered to the compressor 31 without contacting
with the PIC heaters 311.

Aaardingty, since only the liquid-phase refiigerant is
heated by the PIC heaters 311 and vaparized, the heating
energy is eifectively utilized and a vaporizing process of the
refrigerant is effectively implemented.

Refemng to FIG. 20, there is shown an eighth embodi-
ment of the air conditioner according to the present inven-
tion. The construction of the eighth embodiment is generally
similar to the of the sixth embodiment except that a PI'C
heater unit 313 is installed in the pressure coatainer 302.

As shown in FIG. 20, the PIC heater unit 313 for heafing
the liquid-phase refrigerant is instaBed at a lower portion in
the pressure container 302. This arrangement of the PI'C
heater 313 enables the liquid phase refiigerant located at the
lower portion in the pres sure container 302 to be effectively
heated even if the gas-phase refrigerant is in the pressure
container 302.

Although the preferred embodiments of the present inven-
tion have been shown and described such that the refrigerant
heatiag means is disposed at both of the reirigerant inlet side
aad the refrigerant outlet side of the heat-absorbing inner
heat exchanger 35, it will bc understood that the refrigerant
heanng means may be disposed at either the refiigerant inlet
side ar the refrigerant outlet side of the heat-absorbing inner
heat exchanger 35.

What is claimed is:
1. A heat pump type air condition far a vehicle, compris-

ing:
refrigerant;
a corapressor applying workload to said refrigerant;
an outer hest exchanger connected to a refrigerant dis-

charge side of said compressor and radiating heat of
said refrigerant into ambient air;

a blower leading air for air-coaditioniug a passenga'ompartmentof the vehicle;
a heat-radiating inner heat exchanger connected to the

refrigerant discharge side of said compressor and trans-
mittiag the heat of said refiigerant to the air led by said
blower;

an expansioa valve connected to a refrigerant outlet side
of said heat-radiating inner heat exchanger;

a heat-absorbing inner heat exchanger connected to a
refrigerant outlet side of said expansion valve and a
refrigerant suction side of said corapressar, said heat-
absarbing inner heat exchanger cooling the air led by
said blower by transmitting the heat of the air to said
relrigerant which is supplied through said expansion
valve from at least one of said outer heat exchanger aad
said heat-radiating inner heat exchanger;

a switchiag device disposed among the refrigerant dis-
charge side of said compressor, a refrigerant inlet side
of said outer heat exchanger and a refrigerant inlet side
of said heat-radiating inner heat exchanger, said switch-
ing valve leading said refrigerant fiom said compressor
to said outer heat exchanger during cooing operation
and leading said refrigerant from said compressor to
said heat-radiating inner heat exchanger while by pass-
ing said outer heat exchanger during heating operation;

refrigerant heating means for heating said refrigerant, said
refrignnnt heating means disposed to both of the
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refiigeraat inlet side and the refrigerant outlet side of
said heat-absorbing inner heat exchanger,

said refrigerant heating means including aa upstream
rel'rigerant heater which is disposed between said heat-
radiating inner heat exchanger and said heat-absorbing
inner heat exchanger and a dowostream refrigerant
heater which is disposed between said heat-absorbing
inner heat exchanger and said compressor;

refrigerant condition detectiag means for detecting a
temperatme of said refrigerant; and

control means for turning on said refrigerant heating
means detected by said rel'rigerant condition detecting
means is lower than a predetermined valve during a

warm-up operatioa in a hearing mode.
2. A heat pump type air conditioner as clauned in daim l,

wherein;
said refiigerant condition detecting meaas includes a

heat-radiating inner heat exchanger outlet-refrigerant
temperauue sensor which is disposed on a conduit ro
connected to the outlet side of said heat-radiating inner
heat exchanger and a beat-absorbing inner heat
exchaager inlet-refrigerant temperature sensor which is
disposed between the upstream refrigerant heater and
said heat-absorbing inner heat exchanger. 25

3. A heat pump type air conditioner for a vehicle„oom-
prismg:

refrigeraat;
a compressor applying workload to said refiigerant;

an outer heat exchanger connected to a relrigerant dis- 30

charge side of said compressor and radiating heat of
said refrigerant into ambient air;

a blower leading air for air-conditioning a passenger
comparttm:nt of the vehicle;

a hest-radiating inner hest exchanger connected to the
refrigerant discharge side of said compressor and uans-
mittiag the heat of said refrigerant to the air led by said
blower,

an expansion valve connected to a refrigerant outlet side
of said heat-radiating inner heat exchanger;

a heat-absorbing inner heat exchanger connected to a
refrigerant outlet side of said expansion valve and a
refrigerant suction side of said compressor, said heat-
absorbing inner heat exchanger cooling the air led by
said blower by nansmitting the heat of the air to said
refrigerant which is supplied through said expansion
valve from at least one of said outer heat exchanger and
said heat-radiating inner heat exchanger;

a switching device disposed among the refrigerant dis-
charge side of said compressor, a refrigerant inlet side
of said outer heat exchanger and a refrigerant inlet side
of said heat-radiating inner heat exchanger. said switch-
ing valve leading said refrigerant fiom said compressor
to said outer heat exchanger during cooling operation
and leading said refrigerant from said compressor to
said heat-radiating inner heat exchanger while bypass-
ing said outer heat exchanger during heating operation;

refiigerant heating means for heating said refrigerant. said
refrigerant heating means including an upstream refrig-
erant heater which is disposed upstream of said heat-
absorbing inner heat exchanger and a downsueam
refrigerant heater which is disposed downstream of said
heat-absorbing inner heat exchanger;

refrigerant conditioa detecting means for detecting the
condition of said refrigerant, said refrigerant condition
detecting means includiag first. second. third and fourth
thermal-properly detectors which are disposed at a
refrigerant inlet side and a refrigerant outlet side of the
upstream refrigerant heater. a refrigerant inlet side and
a refrigerant outlet side of the downstream refrigerant
heat. respectively; and

control means for turning on said refrigerant heating
means according to the condition of said refiigerant
which is detected by said refrigerant condition detect-
ing means.


