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REFRIGERATION CYCLE USING SIX-WAY CHANGE-OVER VALVE
| BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to.a refrigeration cycle using
a six-way change-over valve, and particularly to a refrigeration
cycle using a six-way chaﬁge—over valve in which refrigérant can
flow through indoor and outdoor heat exchangers in a fixed
direction at any time.
2. Description of Relatéd Art

A refrigerant circuit for use in a conventional air

conditioner includes a compressor, a four-way change-over valve, -

a heat exchanger at an using side, an expansion device, a heat
exchanger.at a heat source side, etc. When a heating operation
is carried out, refrigerant flows through the above elements in
this order. On the other hand, when a cooling operation is
carried out, the refrigerant flows through the above elements in
the opposite direction to the.above direction by switching the
four-way change-over valve. Recently, an air conditioner using
refrigerant (HFC type refrigerant) or substitute refrigerant such
as .non-azeotropic mixture refrigerant formed of refrigerant
having high boiling point and refrigerant having low boiling
point or the like, has been developed.

In the air condition using the non-azeotropic mixture
refrigerant, the refrigerant having low boiling point is

evaporated prior to evaporation of the refrigerant having high
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been devel oped.
evaporator, temperature difference occurs between refrigerant

inlet and outlet sides of a heat exchanger, so that the
temperature at the inlet side of the heat exchanger becomes lower
‘than that at the outlet side of the heat exchanger. On the other
hand, when the heat exchanger serves as a. condenser, the
refrigerant having high boiling point is condensed prior to
condensation of the refrigerant having low boiling temperature.
Therefore, the <temperature at the inlet side of the heat
exchanger becomes higher than the temperature af the outlet side
of the heat exchanger. Accordingly, when such non-azeotropic.
refrigerant is used in an air .con;iitioner, it is efficiently
preferable +to design the refrigerant circuit so that the
refrigerant and the air (or water) are ehforced .to flow in
opposite directions, that is, it.is preferable to establish
counterflow relationship between the refrigerant flow and the air
flow. |

In general, refrigérant pipes are disposed in a multiple-
arrangement in the heat exchanger. That is, the refrigerant first
flows through a pipe on the front face of the heat exchanger and
then turns to and flows through a pipe on the back face thereof.
Alternatively, the refrigerant first flows through a pipe on the
back face of the heat exchanger and then turns _to and flows
through a pipe on the front face thereof. Accordingly, in order

to improve the efficiency of the heat exchanger, the priority of



In the air condition using the non-azeotropic n1xturénP

refrigerant having |ow boiling point is evaporated pr| j on= of
the refrigerant having high 2 boiling point. Theref eat
exchanger serves as an evaporator, tenperature dlfference occurs between
refrigerant inlet and outlet sides of a heat exchanger, so that the

tenperature at the inlet side of the heat exchanger becones | ower
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the face of the heat exchanger on which the refrigerant first .
flows must be determined on the basis of the disposing position
of the fan (i.e., the front face of the heat exchanger or the
back face of the heat. exchanger). The improvement of the
efficiency as described above is applied to both cases where the
refrigerant comprises HFC type refrigerant and where it comprises
non-azeotropic mixture refrigerant.

However, when one of the heating operation and the cooling
operation is selectively performed by switching the four-way
change-over valve as described above, the refrigerant and the air
(or water) necessarily flow in the same direction (in parallel.-
to each other) either in the heating operation or in the cooling
operation because the refrigerant flow direction in each of the
heat exchanger at the user side and the heat exchanger at the
heat source side is completely reversed between the heating
operation and the cooling operation. Therefore, this conventional
air conditioner has a problém thét a coefficient of performance
(COP) is reduced.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an air
conditionér in which refrigerant flowing in a heat exchanger at
an user side and a heat exchanger at a heat source side is
allowed to flow in the same direction both in a heating operation
and in a cooling operation.

In order to attain the above object, according to a first
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than that at the outlet side of the heat exchanger. On th when
t he heat exchanger serves as a condenser, the refrigeranE' NE ﬂ :

boiling point is condensed prior to condensation of the r i ng
| ow boiling tenperature. Therefore, the tenperature at the |nlet si de of

t he heat exchanger becones hi gher than the tenperature at the outlet side
of the heat exchanger. Accordingly, when such non-azeotropic refrigerant

is used in an air conditioner, it is gfficiently preferable to design the
refrigerant. circuit so that the refrigerant and the air (or water) are
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performed, comprises a compressor, an indoor heat exchanger, an

expansion device, an outdoor heat exchanger and a six-way change-
over valve having a reffigerant passage through which refrigerant
flows among the compressor, the indoor heat exchanger,l the
expansion device and the outdoor heat exchanger, wherein the six-
way change-over valve serves +to selectively switch the
refrigerant passage so that the refrigerant passing in the indqor
and outdoor heat exchangers flows in the same direction at any
times when the refrigerant cycle is switched to Ja cooling
operation cycle and switched to a heating operation cycle.

In the refrigerant cycle as described above, the expansion
device may comprise a first expansion device which is disposed
at an outlet side of the indoor heat exchanger and serves to pass
therethrough the refrigerant supplied from the indoor heat
exchanger while reducing the pressure of the refrigerant in the
heating operation cycle, and to directly pass therethrough the
refrigerant supplied from the indoor heat exchanger without
reducing the pressure of the refrigerant in the.cooling operation
cycle, and a second expansion device which.is disposed at an
outlet side of the outdoor heat exchanger and serves to pass
therethrough the reffigerant supplied from the outdoor heat
exéhanger while reducing the pressure of the refrigerant in the
room cooling operation cycle, and to-airectly pass_therethrough

the refrigerant supplied from the indoor heat exchanger without
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general, refrigerant pipes are disposed in a multiple arr Jﬂﬂ la
heat exchanger. That is, the refrigerant first flows thro he
front face of the heat exchanger and then turns to and flows through a pipe
on the back face thereof. Alternatively, the refrigerant first flows
through a pipe on the back face of the heat exchanger and then turns to and
flows through a pipe on the front face_ thereof. Accordingly, in order to

i nprove the efficiency of the heat e&dﬁaﬁger, the priority of

reducing the pressure of the refrigerant in the heating operation
cycle. '

In the refrigerant cycle as described above, the six-way
change-ovér valve may comprise a valve housing having three inlet
porté of first to third inlet ports and three outlet ports of
first to third outlet ports, and a valve plug for selectively
connecting any one inlet port to any one of two outlet ports.

The six-way change-over valve as described above_may have
at least one refrigerant passage through which the refrigerant
flows substantially linearly.

In the refrigerant cycle as described above, the first to
third inlet ports are connected to a discharge side of the
compressor, an outlet side of the_first pressure reducing unit
and an outlet of the second pressure reducing unit respectively,
and the first to third outlet ports are connected to an inlet
side of the indoor heat exchanger, an suck-in side of the
compressor and an inlet side of the outdoor heat exchanger
respectively, thereby constituting the refrigerant cycle.

The refrigerant cycle as described above may further
comprise a defrosting circuit containing an electromagnetic
opening and closing valve which is connected between a discharge
side of the compressor and an inlet side of the outdoor heat
exchanger.

In the air conditioner as described above, the first

reducing unit and/or the second reducing unit may comprise a



3 the face of the heat exchanger on which the refrlgenﬂmsﬁmmg
be determ ned on the basis of the disposing position-of
front face of the heat exchanger or the back face of the

The inmprovenent of the efficiency as described above is app |ed to both
cases where the refrigerant conprises HFC type refrigerant and where it
conpri ses non-azeotropic mxture refrigerant. However, when one of the
heati ng operation and the cooling

capillary tube and an electrbmagnetic opening and closing valve
which is provided in parallel to the capillary.

In the air conditioner as described above, at least the
compressor, the outdoor heat exchanger and the six-way change-
over valve may be accommodated in an outdoor side unit, and at

- least the indoor heat exchanger is accommodated in an indoor side
unit.

According to a second aspect of the present invention, a
refrigeration cycle having a compressor, an outdoor heat
exchanger, an indoor heat exchanger, a first expansion device
which is switchable between a validity state and a non-validity:
state for an expansion action, and a second éxpansioh device

~which is switchable between a validity state and a non-validity
state for an expansion action, comprises a six-way éhange-over
valve which is provided with six ports from a first port to a
sixth port, and can be selectively set to either a first state
where the first port and the fourth port are allowed to
intercommunicate with each other, the second port and the sixth
.port are allowed to intercommunicate with each other and the
third port and the fifth port are allowed to intercommunicate
with each other, or a second state where the first port and the
sixth port are allowed to intercommunicate with each other, the
second port and thé fifth port are allowed to intercommunicate
with each other, and the third port and the fourth port are

allowed to intercommunicated with each other, a first fefrigerant



|
is She

operation is selectively performed by swi tching the four- |
val ve as descri bed above, the refrigerant and the air (or
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necessarily flowin the sanme direction (in parallel to eac I‘ﬂnlu Mr

in the heating operation or in the cooling operation because the
refrigerant flow direction in each of the heat exchanger at the user side
and the heat exchanger at the heat source side is conpletely reversed

bet ween the heating operation and the iooling operation. Therefore, this
conventional air conditioner has a probléeémthat a coefficient of

performpgs e6PLonhd A% ST pdtE LYVENL Wmpressor to the

first port of the valve, a second refrigerant pipe for connecting

a suck-in port of the compressor to the.fifth port of the valve,

a third refrigerant pipe for connecting an inlet port of the
outdoor heat exchangér to the fourth port of the valve, a fifth
refrigerant pipe for connecting an outlet port of the outdoor
heat exchanger through the first expansion device to the second
port of the valve, a sixth refrigerant pipe for connecting an
inlet port of the indobr heat exchanger,to the sixth port of the
valve, and a seventh refrigerant pipe for connecting an outlet
port of the indoor heat exchanger through the second expansion-
device to the third port of the valve, wherein the six-way
change-over valve is kept to the first state by setting the first
expansion device to the validity state and setting the second
expansion device to the non-validity state when a cooling
operation is performed by the indoor heat exchanger, and kept to

the second state by setting the first expansion device to the
non-validity state and setting the second expansion device to the
validity state when a heating operation is performed by indoor

heat exchanger. |

According to a third aspect of the present invention, a

refrigeration cycle having a compressor, an. outdoor heat

exchanger, an indoor heat exchanger, a first expansion device

which is switchable between a validity state and a non-validity

state for an expansion action, and a second expansion device



which refrigerant flowng in a heat exchanger at an user

exchanger at a heat source side is allowed to flowin th

both in a heating operation and in a cooling operation. |In order to attaln
t he above object, according to a first 4 aspect of the present

I nventi on, a refrigeration cycle is
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An object of the present invention is to provide an air ‘W

which is switchable between a validity state and a non-validity
state for an expansion action, comprises a six-way change-éver
valve which is_provided with six ports from a first port to a
sixth port, and can be selectively set to either a first state
where the first port and the sixth port are allowed to
intercommunicate with each other, the second port and the fifth
port are allowed to intercommunicate with each other and the
third port and the fourth port are allowed to intercommunicate
with each other, or a second state where the first port and the
fourth port are allowed to intercommunicate with each other, the
second port and the sixth port are allowed to intercommunicate -
with each other, and the third port and the fifth port are
allowed to intercommunicated with each other, a firsf refrigerant
pipe for connecting a discharge port of the compressor to the
first port of the valve, a second refrigerant pipe for connecting
a suck-in port of the compressor to the fifth port of the valve,
a third refrigerant pipe for connecting an inlet port of the
outdoor heat exchanger to the fourth port of the valve, a fifth
refrigerant pipe for connecting an outlet port of the outdoor
heat exchanger through the first expansién device to the second
port of the valve, a sixth refrigerant pipe for connecting an
inlet port of the indoor heat exchanger to the sixth port of the
valve, and a seventh refrigerant pipe for connecting an outlet
port of the indoor heat exchanger through the second expansion

device to the third port of the wvalve, wherein the six-way



Replaced
performed, conprises a conpressor, an indoor heat exchanggr‘ssmetmﬁeen p
devi ce; an outdoor heat exchanger and a six-way change- - ;mw %ﬂlﬂg a
refrigerant passage through which refrigerant flows anDng t

t he i ndoor heat exchanger, the expansion device and the outdoor heat
exchanger, wherein the six- way change-over valve serves to selectively
swtch the refrigerant passage so that the refrigerant passing in the

i ndoor and out door heat exchangers flgQws in the same direction at any tines
when t he refrigerant cycle is swi t che fb a cooling operation cycl e and
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expansion dev1ce to the wvalidity state and setting the second.
expansion device to the non-validity state when a cooling
operation is performed by the indoor heat exchanger, and kept to
the second state by setting the first expansion device to the
non-validity state and setting the second expansion device to the
validity state when a heating operation is performed by indoor

heat exchanger

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the whole construction
of an air conditioner using the present invention;

Fig. 2 is a diagram showing 5 refrigerant circuit of an
embodiment of the present invention, particularly when a heating
operation is carried out;

Fig. 3 is a diagram showing the refrigerant circuit the
embodiment of the present invention, particularly when a cooling
operation is carried out;

Fig. 4 is a block diagram for a control system of the air
conditioner using the present invention;

Fig. 5 is a schematic diagram showing a counter-flow air
type heat exchanger;

Fig. 6 is a schematic diagram showing a parallel-flow air
type heat exchanger;

Fig. 7 is a diagram showing a counter-flow water type heat

exchanger;
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device may conprise a first expansion device which is dljs 4 tlet

~side of the indoor heat exchanger and serves to pass the

refrigerant supplied fromthe indoor heat exchanger whil

pressure of the refrigerant in the heating operation cycle,_and to dlrectly
pass therethrough the refrigerant supplied fromthe indoor heat exchanger

W t hout reducing the pressure of the refrigerant in the cooling operation
cycle, and a second expansi on device @gich i s disposed at an outlet side of
t he outdoor heat exchanger and servé€s o pass therethrough the refrigerant
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'~ exchanger;

Fig. 9 is a graph showing a performance test result in a
condensing process of the counter-flow heat exchgnger and the
parallel-flow type heat exchanger;

Fig. 10 is a graph showing a performance test result in a
evaporating process of the counter-flow heat exchanger and the
parallel-flow type heat exchanger;

Fig. 11 is a graph showing a heat transfer rate in a
condensing process of the counter-flow heat exchanger and the
parallel-flow heat exchanger;

Fig. 12 is a graph showing a heat transfer rate in a
evaporating process of the counter-flow heat exchanger and the
parallel-flow heat exchanger;

Fig. 13 is a diagram sh‘ov&ing a refrigerant circuit of
another embodiment of the present invention, particularly when
the heating operation is carried out;

Fig. 14 is a diagram showing the refrigerant circuit of the
other embodiment of the air conditioner according to the present
invention, particularly when the cooling operation is carried
out; |

Fig. 15 is a cross-sectional view showing an embodiment of
a six-way change-over valve, and shows a switching state of a
valve body particularly in the heating operation;

Fig. 16 is a cross-sectional view corresponding to Fig. 15,



refrigerant supplied fromthe i ndoor heat exchanger Mﬁth
the pressure of the refrigerant in the heating operation
refrigerant cycle as described above, the six-way change-over valve may
conprise a valve housing having three inlet ports of first to third inlet
ports and three outlet ports of
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room cool i ng operation cycle, and to directly pass there E“ﬂl mm
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and shows a switching state of the valve body particularly in the
cooling operation:

Fig. 17 is a cross-sectional view showing another embodiment
of the six-way change-over valve, and shows a switching state of
the valve body particularly in the heating operation; and

Fig. 18 is a cross-sectional view corresponding to Fig. 17,
and shows a switching state of'the valve body particularly in the
cooling operation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
will be described hereunder with reference to the accompanying -

drawings.

A first embodiment of an air conditioner using the present
invention will be first described.

Fig. 1 is a perspective view showing a first embodiment of
a general domestic air conditioner. This type of air conditioner
includes an unit at an user side (hereinafter referred t§ as
"indoor side dnit") 400 which is disposed indoors, and an unit
at a heat source side (hereinafter referred to as "outdoor side
unit”) 500 which is disposed outdoors, and both the indoor side
unit 400 and the outdoor side unit 500 are connected to each
other through refrigerant pipes 300.

Figs. 2 and 3 are refrigerant circuit diagrams for the air

conditioner according to this embodiment for heating and cooling

operations respectively.



i i HasBeenR
first to third outlet ports, and a val ve plug for sel ect |
any one inlet port to any one of two outlet ports. The mmm mﬂ ver
val ve as descri bed above may have at |east one refrlgera ugh
which the refrigerant flows substantially linearly. In the refrlgerant
cycle as described above, the first to third inlet ports are connected to a
di scharge side of the conpressor, an outlet side of the first pressure

reducing unit and an outlet of the seg&gq_pressure reduci ng unit
respectively, and the first to third |' et ports are connected to an inlet

side of the kﬂdop{gg_eatz e.éﬁaan:g’er,th%n §g§§ibgr§f1qe g{ré&et includes a

compressor 11, a heat exchanger at an user side (hereinafter
referred to as "indoor heat exchanger") 12, a fan at an user side
(hereinafter referred to as "indoor fan") 13, a capillary tube
14, an electromagnetic opening and closing (switch) valve 22, a
six-way change-over valve 115, a capillary tube 21, an
electromagnetic opening and closing (switch) valve 17, a heat
exchanger at a heat source side (hereinafter referred to as
"outdoor heat exchangerﬁ) 15, a fan at a heat source side
(hereinafter referred to as "outdoor fan") 16, and an accumulator
18. The refrigerant circuit further includes a.defrosting'circuit-
131 containing an électromagnetic opening and closing valve 133,
and it is connected between the compressor 11 and the outdoor
heat exchanger 15.

In this embodiment, the six-way change-over valve 115 is
provided in the refrigerant circuit, and the capillary tube 14
(21) is provided with the electromagnetic opening and closing
valve 17 (22) in parallel to the capillary tube 14 (17). The
capillary tube 14 and the electromagnetic opening and closing
valve 22 constitute a first expansion device 110, and the
capillary tube 21 and the electromagnetic opening and closing
valve 17 constitute a second expansion device 120.

As shown in Figs. 2 and 3, the six-way change-over valve 115
includes a valve housing 101 having three inlet ports (1), (2)

and (3) and three outlet ports (4), (5) and (6), and a valve plug

-



conpressor and an inlet side of the outdoor heat excharfgél}l‘ls aced
thereby constituting the refrigerant cycle. The refrigerajﬂ |
descri bed above may further conprise a defrosting circuit

el ectromagneti c opening and cl osi ng val ve which is connected between a

di scharge side of the conpressor and an inlet side of the outdoor heat

exchanger. In the air conditioner as descri bed above, the first reducing
unit and/or the second reducinglﬂutlgay conprise a

102 for selectively connecting one inlet port to two outlet
ports. Furthermore, as shown in Fig. 2, the.first inlet port (1)
is connected to the discharge side of the compressor 11, the
éecond inlet port (2) is connected to the outlet of the first
expansion device 110 at the indoor side and the third inlet port
(3) is connected to the outlet of the second expansion device 120
at the outdoor side. The first outlet port (4) is connected to
the inlet of the indoor heat exchanger 12, the second outlet port
(5) is connected to the suck-in side of the compressor 11
(accumulator 18), and the third outlet port (6) is connected to
the inlet side of the outdoor heat exchanger 15.

Fig. 4 is a block diagram showing a control circuit for the
air conditioner to which this invention is applied. A half
circuit portion located at the left side of the one-dotted chain
line drawn in the middle of Fig. 4 corresponds to a control
circuit arranged in the indoor side unit 400, and the other half
circuit portion located at the right side corresponds to a
control circuit arranged in the outdoor side unit 500. The two
control circuits are connected to each other through power lines
100 and a communication (contfol) line 200.

The control circuit in the indoor side unit 400 comprises
a rectifier 411, a power supply circuit 412 for motors, a power
supply circuit 13 for a control operation, a motor driver 415,
a fan motor 13, a switch board 417, a receiver 418a, a display

panel 418, and a flap motor (M,) 419.



6 capillary tube and an el ectronmagneti c opening and'cloéﬂﬁ's i m@'mk¢§ _
provided in parallel to the capillary. In the air conditi ed |
above, at |east the conpressor, the Qutdoor heat exchanger y .

change- over valve nmay be accommpdated in an outdoor side unit, and at

| east

t he i ndoor heat exchanger is accomobdated in an indoor side unit.

According to a second aspect of the present invention, a refrigeration

cycle

havi ng a conpressor, an outdoor heat

The rectifier 411 rectifiers an AC voltage of 100 [V] which
is applied through a plug 410a. The power supply circuit 412 for
motors adjusts a DC voltage applied to a DC fan motor (brushless
motor)(M;) 13 to a voltage of 10 to 36 [V] in accordance with a
signal from a microcomputer 414. The DC fan motor serves to blow
out cool air or warm air into a room to be air-conditioned,

The power supply circuit 413 generates a DC voltage of 5 [V]
to be applied to the microcomputer 414. The motor driver 415
controls the energization (current supply) timing of the stator
winding of the DC fan motor 13 in response to a signal frdm the
microcomputer 414, which is based on rotational position
information on the DC fan motor 13. The switch board 417 is
fixedly mounted on an operation panel for the indoor side unit
400. An ON/OFF switch, a test run switch and the like are
arranged on the switch board 417. The receiver 418a receives a
remote operation signal (e.g., an ON/OFF signal, a
cooling/heating switching signal, or a room temperature setting
signal) from a wireless remote controller 460. The display panel
418 displays an operation status of the air conditioner. The flap
motor 419 serves to move flaps for changing the blowing direction
of cool/warm air.

In addition, the control circuit includes a room temperature
sensor 420 for detecting the room temperature, a heat exchanger
temperature sensor 421 for detecting the temperature of the

indoor heat exchanger, and a humidity sensor 422 for detecting
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exchanger, an indoor heat exchanger, a first expansion de
swi tchabl e between a validity state and a non-validity st WB“ ﬁll/\e
expansi on action, and a second expansi on device which is en
a validity state and a non-validity state for an expansion actlon,

conprises a six-way change-over valve which is provided with six ports from
a first port to a sixth port, and can be selectively set to either a first
state where the first port and the f grth port are allowed to

i nt ercommuni cate with each ot her, sécond port and the sixth port are
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obtained by these sensors are A/D-converted and taken into the
microcomputer 414. A control signal from the microcomputer 414
is transmitted to the outdoor side unit 500 through a serial
circuit 423 and a terminal board T,. In addition, a triac 426 and
a heater relay 427 are controlled by the microcomputer 414
through a driver 424, thereby stepwisely controlling power which
is supplied to a re-heating heater 425 used for a drying
operation. A relay 428 is controlled by the microcomputer 414
through the driver 424, thereby stepwisely controlling power
which is supplied to the valve 22.

Reference numeral 430 represents an external ROM for storing
specific data which specify the type and characteristics of the
air conditioner. These specific data are taken out from the
external ROM 430 immediately after the power supply switch is
turned on and an operation is stopped. When the power supply
switch is turned on, input of a command from the wireless remote
controller 460 or detection of the status of the ON/OFF switch
or the test run switch (whose operations will be described latef)
are not performed until the specific data have been completely
taken out from the external ROM 430.

The control circuit for the outdoor side unit 500 will be
next described.

In the outdoor side unit 500, terminal boards T',, T', and

T'; are respectively connected to terminal boards T,, T, and T,



wi th each other, or a second state where the first port'aﬂHis gd
are allowed to intercommuni cate with each other, the second 1 u :
fifth port are allowed to intercommunicate with each ot her, -

port and the fourth port. are allowed to intercomruni cated with each other,
a first refrigerant 7 pipe for connecting a discharge port of the.

conpressor to the first port of the valve, a second refrigerant pipe for
connecting - 16 -

~arranged in the indoor side unit 400. Reference numeral 531
represents a varistor which is connected in parallel to the
terminal boards T', and T',; 532, a noise filter; 534, a reactor;
535, a voltage double rectifier for doubling a voltage; 536, a
noise filter; and 537, a smoothing circuit (ripple filter) for
obtaining a DC voltage of about 280 [V] from an AC voltage of 100
[(vi.

Reference numeral 539 represents a serial circuit for
performing_signal conversion of a control signal supplied from
the indoor side unit 400 through the terminal board T', and
transmitting the converted signal to a microcomputer 541.
Reference numeral 540 represents a current detector for detecting
a current supplied to a load in a current transformer (CT) 533
of the outdoor side unit 500 to smooth thé current to a DC
voltage and supply the DC voltage to the microcomputer 541; 542,
a switching pbwer supply circuit for generating a power supply
voltage for the microcomputer 541; and 538, a motpr driver having
six power transistors for performing PWM control of power
supplied to a compressor motor 543 (to be described later) on the
basis of a control signal from the microcomputer 541.

The six power transistors of the motor driver 538 are
connected in the form of a three-phase bridge, thus constituting
a so—célled inverter unit. Reference numeral 11 represents a
compressor for the refrigeration cycle; 544, a discharge

temperature sensor for detecting the temperature of the



refrigerant pipe for connecting an inlet port of the outdoo

to the fourth port of the valve, a fifth refrigerant pipe f

outl et port of the outdoor heat exchanger through the first expansion
device to the second port of the valve, a sixth refrigerant pipe for :
connecting an inlet port of the indoor heat exchanger to the sixth port of

the val ve, and a seventh refrigerant pége for connecting an outlet port of

t he i ndoor heat exchanger through thé sécond expansi on device to the third
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a suck-in port of the conpressor to the fifth port of theT9 ii’ﬁiii@eei |

fan motor which is controlled in its'speed at three steps and
serves to send air to the outdoor heat exchanger. As described
above, the six-way change-over valve 115 and the electromagnetic
opening and closing valves 17 serve to switch thé refrigerant
passages of the refrigerant in the refrigeration cycle.

Further, in +the outdoor side unit 500, an outdoor -
temperature sensor 548 for detecting an butdoor temperature is
arranged in the vicinity of the air intake port, and an outdoor
heat exchanger temperature sensor 549 for detecting the
temperature of the outdoor heat exchanger is arranged. Detection
‘values obtained by these sensors 548 and 549 are A/D-converted
and taken into the microcomputer 541.

Reference numeral 550 represents an external ROM'having the
same function as that of the external ROM 430 in the indoor side
unit 400. The inherent data about the outdoor side unit 500,
which are similar to those described with reference to the
external ROM 430, are étored in the ROM 550. Reference symbol F
in each of the control circuits of the indobr side unit 400 and
the outdoor side unit 500 represents a fuse.

- Each of the microcomputers (control elements) 414 and 541
is designed such that a ROM storing programs in advance, a RAM
storing reference data and a CPU for executing the programs are
housed in the same package (87C196MC (MCS-96 series) available

from Intel Corporation).



expansi on device to the validity state and setting the secqnah’ﬁiﬁﬁtmamhﬂmd |
device to the non-validity state when a cooling operation ils 4 | I‘I"

t he i ndoor heat exchanger, and kept to the second state by ‘set

first expansion device to the non-validity state and setting the second
expansion device to the validity state when a heating operation is

performed by indoor heat exchanger. According to a third aspect of the

present invention, a refrigeration cx | e having a conpressor, an outdoor
heat exchanger, an indoor heat excha ger, a first expansion device which is

swi t chabl e gl V&Fé}a%ivcﬁ'l b hSTALS c%?l%i%i%q{é'ry Yrfll lobnstructed will

be described hereunder with reference to Figs. 2 and 3.

Fig. 2 shows the reffigerant flow in the refrigerant circuit
during the heating operation for the room to be air-conditioned,
and Fig. 3 shows the refrigerant flow.in the refrigerant circuit
during the cooling operation for the room. _ _

| In the heating'operation, the refrigerant flows through the
ports (1) and (4) of the six~way change-over valve into the
indoor heat exchanger 12 as indicated by arrows. At this time,
the indoor heat exchanger 12 serves as a condenser, and thus it
takes a heat-radiating action. Therefore, warm air A is brown out
to the indoor side by blowing the air through the indoor fan 13.
The refrigerant passing through the indoor heat exchanger 12 is
passed through the capillary tube 14 because the electromagnetic
opening and closing valve 22 is closed, so that its pressure is
reduced. Thereafter, the pressure-reduced refrigerant is supplied
into the six-way change-over valve 115, and flows through the
ports (2) and (6) of the six~way change-over valve 115 into the
outdoor heat exchanger 15.

In this case, the outdoor heat exchanger 15 serves as an
evaporator, and thus it takes endothermic action. Therefore,
coocled air B is discharged to the outdoor side by blowing the air
through the 6utdoor fan 16. The refrigerant passing through the
outdoor heat exchanger 15 is passed through the electromagnetic

opening and closing valve 17 with no resistance because the



state for an expansion action, and a second expansion devilpe Thi3Shectias Becny i
swi tchabl e between a validity state and a non-validity stale fHI “ lﬂ |“
expansi on action, conprises a siXx-way change-over valve whi“th

with six ports froma first port to a sixth port, and can be selectively

set to either a first state where the first port and the sixth port are

allowed to intercommunicate with each other, the second port and the fifth
- 19 -
electromagnetic opening and closing valve 17 is opened, and then
enters the six-way change-over valve 115. Thereafter, the
refrigerant is passed through the ports (3) and (5) of the six-
way change-bver valve 17 into the accumulator 18, and returned
to the compressor 11.

In the cooling operation, the refrigerant which is
compressed in the compressor 11 first flows into the outdoor heat
exchanger 15 through the ports (1) and (6) of the six-~way
change-way valve 115 as indicated by arrows. At this time, the
outdoor heat exchanger 15 acts as a condenser and thus it takes
the heat radiating action. Therefore, the warm air A is -
discharged to the outdooi side by blowing the air through the
outdoor fan 16. Since the electromagnetic opening and closing
valve 17 is closed, the refrigerant passing through the outdoor
heat exchanger 15 is passed through the capillary tube 21 so that
its pressure is redgged. Thereafter, +the pressure-reduced
refrigerant enters the six—way change-over valve 115, and then
flows into the indoor heat exchanger 12 through the ports (3) and
{4) of the six-Way change-over valve 115.

At this time, +the indoor heat exchanger acts as an
evaporator, and thus it takes the endothermic action. Therefore,
the cool air B is discharged to the indoor side by blowing the
air through the indoor fan 13. Since the electromagnetic opening
and closing valve 22 is opened, the refrigerant passing through

the indoor heat exchanger 12 is passed through the



port are allowed to interconmunicate with each other and theThi H 0 ced
the fourth port are allowed to interconmunicate with each oth “ l
second state where the first port and the fourth port are al

i nt ercommuni cate with each other, the second port and the sixth port are
allowed to interconmunicate with each other, and the third port and the
fifth port are allowed to intercommunicated with each other, a first
refrigerant pipe for connecting a diggharge port of the conpressor to the
first port of the valve, a second refrigerant pipe for connecting a suck-in

POt - @1t HAGHEARR) Ll ahlal bloBZhly 94108%Y Ak b aididafldd, ger ant

pi pe for connecting an inlet port o
enters_the six-way change-over valve 115, and then is returned

to the accumulator 18 and the compressor 11 through the ports (2)
and (5) of the six-way change-over valve 115.

According to the air conditioner thus constructed, it is
apparent from Figs. 2 and 3 that the refrigerant flows.through
each of the indoor heat exchanger 12 and the outdoor heat
exchanger 15 in the same direction both in the room cooling
operation and in the room heating operation. Accordingly, if the
refrigerant flow and the air flow are set to be mutually
counterflow to each other in both the heat exchangers 12 and 15

- as described later, this counterflow relationship can be kept to
be established at all times (i.e., in both the room cooling
operation and the heating operation).

In this embodiment, substitute refrigerant such as non-
azeotropic mixture refrigerant formed of refrigerant having high
boiling point and refrigerant having low boiling point is used
as the refrigerant passing in the refrigerant circuit. In the
non-azeotropic mixture refrigerant, the refrigeranf having low
boiling point is evaporated prior to the refrigerant having high
boiling point. Therefore, whén the heat exchanger acts as an
evaporator, temperature variation occurs between the inlet and
outlet sides of the heat exchanger, and the temperature at the
inlet side of the heat exchanger becomes lower than that at the

outlet side. On the other hand, when the heat exchanger acts as
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out door heat exchanger to the fourth port of the valve, a f*ﬂ' ﬂl

pi pe for connecting an outlet port of the outdoor heat exch

the first expansion device to the second port of the valve,

refrigerant pipe for connecting an inlet port of the indoor heat exchanger
to the sixth port of the valve, and a seventh refrigerant pipe for
connecting an outlet port of the indoor heat exchanger through the second
expansi on device to the third port of,the valve, wherein the six-way

a condenser, the refrigerant having high boiling point is
condensed prior to the refrigerant having low boiling point, and
the temperature at the inlet side of the heat exchanger becomes
higher than that at the outlet side. When such non-~azeotropic
mixture refrigerant is used, it is efficiently preferable to
establish the counterflow relationship between the refrigerant
flow and the air flow (water flow) in the heat exchanger.

Fig. 5 shows a counterflow type heat exchanger, and Fig. 6
shows a parallel-flow type heat exchanger. In the counterflow
type heat exchanger as shown in Fig. 5, refrigerant and air are
enforced to flow in the opposite directions, that is, the
counterflow relationship is established between the refrigerant
flow and the air flow. On the other hand, in the parallel-flow
type heat exchanger as shown in Fig. 6, refrigerant and air are
enforced to fiow in the same (parallel) direction, that is, the
parallel-flow relationship is established between the refrigerant
flow and the air flow.

Fig. 7 shows a water-type counterflow heat exchanger, and
Fig. 8 shows a water-type parallel-flow heat exchaﬁger. In the
water-type counterflow heat exchanger as shown in Fig. 7,
refrigerant and water are enforced to flow in the opposite
directions, that is, the counterflow relationship is established
between the refrigerant flow and the water flow. On the other
hand, in the water-type parallel-fldw heat exchanger as shown in

Fig. 8, refrigerant and water are enforced to flow in the same



9 change-over valve is kept to the first state by setting T Been Replaced
expansion device to the validity state and setting the seco Im hﬂum Il \
device to the non-validity state when a cooling operation i

t he i ndoor heat exchanger, and kept to the second state by setting the '
first expansion device to the non-validity state and setting the second
expansi on device to the validity state when a heating operation is

performed by indoor heat exchanger BR,EF DESCRI PTI ON OF THE DRAW NGS Fig. 1
is a perspective view show ng the whol'e construction

(parallel) direction, that is, the parallel-flow relationship is
established between the refrigerant flow and the water flow.
Figs. 9 to 12 show experimental results wheh the water-type heat
exchangers shown in Figs. 7 and 8 were actually used. In this
experiment, refrigerant whose mixing rate of HFC-32/125/134 was
30%/10%/60% was used.

In this experiment, variation in the temperature difference
between the temperature at the inlet side and the temperature at
the outlet side of the heat exchanger was observed and compared
between the counterflow heat exchanger and the parallel-flow heat
exchanger in a condensing process under a condition that the
water temperature at the inlet was constant, and it was proved
that the temperature difference in the counterflow heat exchanger
became greater than that in the parallel-flow heat exchanger és
shown in Fig. 9. This result éhows that the counterflow heat
exchanger has a higher heat-exchange efficiency than the
parallel-flow heat exchanger,

In this experiment, variation of the temperature difference
between the temperature at the inlet side énd the temperature at
the outlet side of the heat exchanger was also observed and
compared between the counterflow heat exchanger and the parallel-
flow heat exchanger in an evaporating process under the condition
that the water temperature at the inlet was constant, and it was
proved that the temperature difference in the counterflqw heat

exchanger became greater than that in the parallel-~flow heat



of ~an air conditioner using the present invention; Fig. 2 wﬁsgleamgmgaﬂkm

showing a refrigerant circuit of an enbodi nent of the prese
particularly when a heating operation is carried out; Fig.
showi ng the refrigerant circuit the enbodi mrent of the prese

particularly when a cooling operation is carried out; Fig. 4 is a bl ock
diagram for a control systemof the air conditioner using the present

invention; Fig. 5is a schemtic dlagﬁ@n1shomnng a counter-flow air type
heat exchanger

exchanger as shown in Fig. 10. This result shows that the
counterflow heat exchanger has also a higher heat-exchange
efficiency than.the papgllel—flow heat exchanger.

Figs. 11 and 12 are graphs showing a heat transfer rate in
the condensing process and the evaporating process of the
counter-flow heat exchanger and the parallel-flow heat exchanger.
As shown in Fig. 11, it was proved that the heat transfer rate
for the condensing process in the counterflow heat exchanger is
higher than that in the parallel-flow heat exchanger by about
14%. Furthermore, as shown in Fig. 12, it was also proved that
the heat transfer rate for the evaporating proceés in the
counterflow heat exchanger is higher than thaf in the parallel-
flow heat exchanger by about 25%. _

These results are not directly applicable to a fin-tube type
air heat exchanger which is used for a general air conditioner,
however, it is proved that the counterflow relationship is
required in both the cooling operation and the heating operation
to improve the performance of +the system '(coefficient of
performance; COP).

According to this embodiment, if the counterfldw
relationship as described above is once established for ‘the
refrigerant flow in the heat exchangers 12 and 15,.unlike a
conventional air conditioner, the refrigerant flow can be
prevented from being reversed through a switching operation of

a four-way valve, that is, the refrigerant flow can be prevented



Fig. 6 is a schematic di agram showi ng a parallel-flow air j3.Shegt Hlas Been Replaced
exchanger; Fig. 7 is a diagramshow ng a counter-flow water :;muu II
exchanger; 10 Fig. 8 is a diagramshowing a parallel-flo

heat exchanger; Fig. 9 is a graph showing a performance test result in a
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from being changed from the counterflow relationship to the
parallel-flow relationship through the switching'operatién.of the
four-way valve, so that the COP representing the performance of
the system can be improved. That is, as shown in the following
table 1, as compared with a conventional syséem (the heat
exchanger is set to a counterflow type in the cooling operafion),
the coefficient of performance in the system of this embodiment
becomes higher, particularly in the heating operation because the

heat exchangef is set to a counterflow type at all times.

TABLE 1
CONVENTIONAL SYSTEM INVENTED SYSTEM
(COUNTERFLOW AT COOL TIME) (COUNTERFLOW AT HEAT TIME)
COOL HEAT ' COoOL HEAT
POWER 2.738 4.100 2.730 4.125
(Kw)
CoP 2.59 3.09 2.59 3.17

In the heating operation, the outdoor heat exchanger 15 acts
as an evaporator, and thus frost is liable to be induced at the
inlet portion thereof for the refrigerant.

However, according to.this embodimént, the frosting can be
suppressed by disposing the_inlet portion of the heat exchanger
at the lee side.

Furthermore, this embodiment is also characterized in that

the six-way change~over valve 115 is used as a single-structured



type heat exchanger; Fig. 10 is a graph show ng.a perfornmance

- in a evaporating process of the counter-flow heat exchanger an

condensi ng process of the counter-flow heat exchanger and themESMaHMeBaml

paral |l e
transfer

-flow type heat exchanger; Fig. 11 is a graph showing a l“ Illl

rate in a condensing process of the counter-flow heat exchanger

and the parallel-flow heat exchanger; Fig. 12 is a graph show ng a heat

transfer

rate in a evaporating Process of the counter-flow heat exchanger

and the parallel-flow heat exchanger?

change-over valve to construct the system. With this
construction, the system can be designed in a very simple
structure, and the six-way change-over valve 115 can be easily
coﬁtrolled because it can be controlled in a similar control

manner to the conventional air conditioner using a four-way

change-over valve.

Figs. 13 and 14 are diagrams showing a refrigerant circuit
of another embodiment of the air conditioner using the present
invention when the heating operation is carried out and wheﬁ the
cooling operation is carried out, respectively. The different
point between the first and second embodiments of the air
conditioner resides in the passage structure of the six-way
change-over valve 115, and various modifications may be made to
the passage structure.

For example, as the six-way change-over valve 115 may be
used a rotational type as shown in Figs. 15 and 16, a slide type
as shown in Figs. 17 and 18 or the like.

Figs. 15 and 16 show the rotational type six-way'change—ovef
valve, which is used in the refrigerant circuit show in Figs. 13
and 14. The rotational type six-way change-over valve includes
a valve hqusing 101 and a rotational type valve plug 102, and
through rotation of the valve plug 102 in the valve housing 101,
respective ports (1) to (6) of the six-way change-over valve
intercommunicate with one another as shown in Figs. 15 and 16.

In this case, the inlet port (1) selectively intercommunicates

i



Fig. 13 is a diagramshowing a refrigerant circuit of anoth

is i epladed :
the present invention, particularly when the heating operati ﬂ ' ﬁ”
out ;

Fig. 14 is a diagram showing the refrigerant circuit of

enbodi nent of the air conditioner according to the present invention,
particularly when the cooling operation is carried out; Fig. 15 is a

cross-secti onal
and shows a switching state of a va

v
operation; Fig. 16 is a cross-sectTo%gl‘vieM/corresponding to Fig. 15,

with one of the two outlet ports (4) and (6), the inlet port (2)
selectively intercommdnicate wit one of the two outlet ports (6)
and (5), and the inlet port (3) selectively intercommunicate with
one of the two outlet ports (4) and (5).

Figs. 17 and 18 show the slide type six-way change-over
valve, which is used in the refrigerant circuit shown in Figs.
2 and 3, The slide type six-way change-over valve includes a
valve housing 100 and a slide type valve plug 106. The valve plug
106 has linear passage portions. 106a for allowing the refrigerant
to flow 1linearly, and the respective ports (1) 'to (6)
intercommunicate with one another as shown in Figs. 17 and 18 by
sliding the valve plug 106 in the valve housing 100 to the right
and left in Figs. 17 and 18. In this case, the inlet port (1)
selectively intercommunicates with one of the two outlet ports
(4) and (6), the inlet port (2) selectively intercommunicates
with one of the two outlet ports (5) and (6), and the inlet port
(3) selectively intercommunicates with one of the two outlet
ports (4) and (5).

According to this embodiment, by providing the 1linear
passage portions .106a to the valve plug 106, there can be
obtained an effect of reducing the resistance of the passage to
the flow directing from the inlet port (2) to the outlet port (6)
in Fig. 17 and to the flow directing from the inlet port (3) to
the outlet port (4) in Fig. 18.

The slide type wvalve plug 106 shown in Figs. 17 and 18 is

vi ew show ng an enbodi nent of a six-way change-over val ve,
body particularly in the heating



11 and shows a switching state of the valve body particul ar 175 Sheet cen Replaced
- cooling operation; Fig. 17 is a cross-sectional view show ng H u”lLfm '

enbodi ment of the six-way change-over val ve, and shows a sw f
the val ve body particularly in the heating operation; and Fig. 18 is a

cross-sectional view corresponding to Fig. 17, and shows a switching state
of the valve body particularly in the

- 27 -

slid to the right and left as follows, For example when operation
liquid is supplied from a port (7), the valve plug 106 is slid
to the left as shown in Fig. 17. On the other hand, when the
operation liquid is supplied from a port (8), the valve plug 106
is slid to the right as shown in Fig. 18.

In both the systems, the six-way change-over valve 115 has
the six ports (1) to (6), and the respective éorts (1) to (6) are
connected to the compressor 11, the indoor heat exchanger 12, the
pressure reducers 14 and 21 and the outdoor heat exchanger 15.
The port numbers ((1) to (6)) of Figs. 15 to 18 correspond to the
port numbers of the six-way change-over valve 115 shown in Figs.
2 and 3, respectively.

The present invention is not limited to +the above
embodiménts, and various modifications may be made without
departing from the subject matter of the present invention.

According to the air conditioner wusing the present
invention, the refrigerant flowing through the indoor heat
exchanger and the outdoor heat exchanger is allowed to flow in
the same direction in both the cooling operation and the room
heating operation with a simple construction by providing the
six-way change-over valve in the refrigerant circuit. The present
invention can improve +the COP, particularly for an air
conditioner using substitute refrigerant such as non-azeotropic

mixture refrigerant which has little effect on ozone layer.



cool i ng dperation DETAILED DESCRIPTICN OF THE PREFERRED EMB mwh“”
Preferred enmbodi ments accordlﬁ to t he i nvention vm

hereunder with reference to drawi ngs. A f| !ﬂ
mﬁf’ mt on will be first described.

of an air conditioner using
Fig. 1 is a perspective view "shéwi hg & enbodi nent of a general

donestic air conditioner. This type of alr condi ti oner includes an unit at
an user side (hereinafter referred tg s “indoor side unit") 400 which is
di sposed i ndoors, and an unit

WHAT IS CLAIMED IS

1. A refrigeration cycle, comprising:

a compressor;

an indoor heat exchanger;

an expansion device;

an outdoor heat exchanger, and

a six-way change-over valve having a refrigerant
passage through which refrigerant flows among said compressor,
said indoor heat exchanger, said pressure reducer and said
outdoor heat exchanger, wherein said six-way change-over valve
serves to selectively switch the refrigerant passage so that the
refrigerant passing in said indoor and outdoor heat exchangers
flows in the same direction at any time when the refrigerant
‘cycle is switched to a cooling operation cycle and when the
refrigerant cycle is switched to a heating operation cycle.

2. The refrigeration cycle as claimed in claim 1, wherein
said expansion device'cbmprises a first expansion device which
is disposed at an outlet side of said indoor heat exchanger and
serves to pass.therethrough the refrigerant supplied from said
indoor: heat exchanger while reducing the pressure of the
refrigerant in the heating operation cycle, and to directly pass
therethrough the refrigerant supplied from said indoor heat
exchanger without reducing the pressure of the refrigerant in the
cooling operatién cycle, and a second expansion device which is

disposed at an outlet side of said outdoor heat exchanger and



at a heat source S|de (herelnafteL*L\ferred to as "outdoor sﬂa lmmd
whi ch is di sposed outdoors, ﬁ oth the I N side unit 400 m

out door side unit 500 are co ﬂ t her through refr
300. Figs. 2 and 3 are refri mﬁagrams for the air condltloner
cool i ng operations

according to this enbodi nent for heatf'ngs
respectively. - 12 -
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serves to pass therethrough the refrigerant supplied from said
outdoor heat exchanger while reducing the pressure of the
refrigerant in the cooling operation cycle, and to directly pass
therethrough the refrigerant supplied from said outdoor heat
exchanger without reducing the pressure of the refrigerant in the
room heating operation cycle. |

3. The refrigeration cycle as claimed in claim 2, wherein
said six-way change-over valve comprises a valve housing having
three inlet ports of first to third inlet ports and three outlet
ports of first to third outlet ports, and a valve plug for
selectively connecting any one inlet port to any one of two .
outlet ports.

4. The refrigeration cycle as claimed in claim 3, wherein
said six-way change-over wvalve has ét least one refrigerant -
passage +through which the refrigerant flows substantially
linearly.

5. The refrigeration cycle as claimed in claim 3, wherein
said first to third inlet ports are connected to a discharge side
of said compressor, an outlet side of said first pressure
reducing unit and an outlet of said second pressure reducing unit
respectively, and said first to third outlet ports are connected
to an inlet side of éaid indoor heat exchanger, an suck-in side
of said compressor and an inlet side of said outdoor heat.

exchanger respectively, thereby constituting the refrigerant

cycle.



fan") 13, a capillary tube 14, i'c opening and closin
(switch) valve 22, a six-may'change-oveF vil vk 115, a capillary tube 21, an
el ectromagneti c opening and closing (switch) valve 17, a heat exchanger at
a heat source side (hereinafter referfed to as "outdoor heat exchanger")

15, a fan at a heat source side (herethafter referred to as "outdoor fan")

16, and an gecumpgl 9Gel8ooTiesba Lp8LANE Sidfbd {4/ 11Cleudhed

defrosting circui
comprising a defrosting circuit containing an electromagnetic

In Figs. 2 and 3, the refrigerant circuit includes a conph Hits BoerdRe |
exchanger at an user side (herginafter referred to as "ind
exchanger") 12, a fan at an usﬁ!‘jﬂMM"ﬁMI ter referr ro.

opening and ciosing valve which is connected between a discharge
side of said compressor and an inlet side of said outdoor heat
exchanger. |

7. The refrigeration cycle as claimed in claim 2, wherein
said first reducing unit comprises a capillary tube and an
electromagnetic opening and closing valve which is provided ;n
parallel to said capillary.

8. The refrigeratibn cycle as claimed in claim 2, wherein
said second reducing unit comprises a capillary tube and an .
electromagnetic opening and closing valve which is provided in
parallel to said capillary.

9. The refrigeration cycle as claimed in claim 1, wherein
at least said compressor, said outdoor heat exchanger and said
six-way change-over valve are accommodated in an outdoor side
unit, and at least said indoor heat exchanger is accommodated in
an indoor side unit.

10. A refrigeration cycle having a compressor, an outdoor
heat exchanger, an indoor heat exchanger, a first expansion
device which is switchable between a validity state and a non-
validity state for an expansion action, and a second expansion
device which is switchable between“a validity state and a non-
validity state for an expansion action, comprising:

a six-way change-over valve which is provided with six



131 containing an el ectronmagnetic_openi ng and cl osing vaI nRtkhd
connected between the conpressor 11"5ﬁd‘fhe~euLdoor heat e

t his enmbodi nent, the six- vvay w,m u 115 is provi '
refrigerant CIrCUIt and the ﬂﬂ n@ (21) is provided mnth t he

el ectromagneti ¢ openi ng and cI05|ﬁg valwe's 22) in parallel to the
capillary tube 14 (17). The capillary tube 14 and the el ectronmagnetic

openi ng and cl osi ng val ve 22 constitéh: a first expansion device 110, and
the capillary tube 21 and the el ectr gnetic opening and closing valve 17

consti b4tes2r GO0 228 BLRE 884 S1 44 port, and can be selectively

set to either a first state where said first port and said fourth
port are allowed to intercommunicate with each other, said second
port and said sixth port are allowed to intercommunicate with
each other and said third port and said fifth port are allowed
to intercommunicate with each other, or a second state where said
first port and said sixth port ére allowed to intercommunicate
with each other, said second port and said fifth port are allowed
to intercommunicate with each other, and said third port and said
fourth port are allowed to intercommunicated with each other;

a first refrigerant pipe for connecting a discharge
port of said compressor to said first port of said wvalve;

a second refrigerant pipe for connecting a suck-in port
of said compressor to said fifth port of said valve;

a third refrigerant pipe for connecting an inlet port
of said outdoor heat exchanger to said fourth port of said valve;

a fifth iefrigerant pipe for connecting an outlet port
of said outdoor heat exchanger through said first expansion
device to said second port of said wvalve;

a sixth refrigerant pipe for connecting an inlet port
of said indoor heat exchanger to said sixth port of said valve;
and

a seventh refrigerant pipe for connecting an outlet
port of said indoor heat exchanger through said second expansion

device to said third port of said valve, wherein said six-way
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As shown in Figs. 2 and 3, the Si SI'X- way change_over val ve 115

val ve housi ng 101 having thre , (2) and (3) ﬂr’“ ﬂ n||
outlet ports (4) (5) and (6) m { - -

L

sel ectively connecting one inl &t Qor utlet ports Furthernnre, as
shown in Fig. 2, the first inlet port (1) is” connected to the discharge
side of the conpressor 11, the second inlet port (2) is connected to the
outlet of the first ' - 32 -

change-over valve is kept to the first state by setting said
first expansion device to the validity state and setting said
second_expansion device to the non-validity state when a cooling
operation is performed by said indoor heat exchanger, and kept
to the second state by setting said first expansion device to the
non-validity state and setting said second expansion device to
the validity state when a heating operation is performed by
indoor heat exchanger. -

1l1. A refrigeration cycle having a cbmpressor, an outdoor
heat exchanger, an indoor heat exchanger, a first expansion
device which is switchable between a validity state and a non-
validity stafe for an expansion action, and a second expansidn
device which is switchable between a validity state and a non-
validity state for an expansion action, comprising:

a six-way change-over valve which is provided with six
ports from a first port to a sixth port, and can be selectively
set to either a first state where said first port and said sixth
port are allowed to intercommunicate with each other, said second
port and said fifth port are allowed to intercommunicate with
each other and said third port and said fourth port are allowed
to intercommunicate with each other, or a second state where said
first port and said fourth port are allowed to intercommunicate
with each other, said second port and said sixth port are aliowed
to intercommunicate with each other, and said third port and said

fifth port are allowed to intercommunicated with each other;
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expansi on device 110 at the indoor side—and-the third inletijpo ﬂl

connected to the outlet of t ansi on.devi ce 120 at aMEﬂwyml
side. The first outlet port | IEQQ uﬁmlﬁy}to the inlet of t

heat exchanger 12, the secon is connected to the suck-in
side of the conpressor 11 (accumulator 18), and the third outlet port (6)
I's connected to the inlet side of the outdoor heat exchanger 15. Fig. 4 is
a bl ock di agram showing a control cirguit for the air conditioner to which
this invention is applied. A half circuit portion |ocated at the left side

g‘;ni ?gl one-dotteqd Galdt | FEr iUt "pife Foddldorledithg %2 CALLERRREES 1O
port of said compressor to said first port of said valve;

a second refrigerant pipe for connecting a suck-in port
of said compressor to said fifth port of said valQe;'

a third refrigerant pipe for connecting an inlet port
of said outdoor heat exchanger to said fourth port of said valve:;

a fifth refrigerant pipe for connecting an outlet port
of said outdoor heat exchanger through said first expansion
device to said second port of said-valﬁe;

a sixth refrigerant pipe for connecting an inlet port
of said indoor heat exchanger to said sixth port of said valve;
and

a seventh reffigerant pipe for connecting an outlet
port of said indqor heat exchanger through said second expansion
device to said third pbrt of said valve, wherein said six-way
change-over valve is kept to the first state by setting said
first expansion device to the validity state and setting said
second expansion device to the non-validity state when a cooling
operation is performed by said indoor heat exchanger, and kept
to the second state by setting said first expansion device to the
non-validity state and setting said second expansion device to

the validity state when a heating operation is performed by

indoor heat exchanger.



portion located at the right side corresponds to a control

in the outdoor side unit 500. The two control circuits are c

each other through power |ines 100 and a conmuni cation (control) I|ne 200.
The control circuit in the indoor side unit 400 conprises a rectifier 411,
a power supply circuit 412 for notors, a power supply circuit 13 for a
control operation, a notor driver 415 a fan nmotor 13, a switch board 417,
a receiver 418a, a display panel 4I8, 4and a flap notor [err] 419.

ABSTRACT OF THE DISCLOSURE

. . . . . . i Replaced
circuit arranged in the indoor side unit 400, and the othert H”Bee“ ﬂii‘ce
i

A refrigeration cycle including a compressor, an indoor heat
exchanger, an expansion, an outdoor heat exchanger and a six-way
change-over valve having a refrigerant passage through which
refrigerant flows in a refrigerant circuit comprising the
compressor, the indoof heat exchanger, the expansion and the
oﬁtdoor heat exchanger, wherein the six-way change-over valve
serves to selectively switch the refrigerant passage so that the
refrigerant passing in the indoor and outdoor heat exchangers
flows in the same direction at anf time when the refrigerant

cycle is switched to a cooling operation cycle and to .a heating

operation cycle.



14 The rectifier 411 rectifiers an AC voltage of 100 [\4 ThthhtthasB '
through a plug 410a. The power supply circuit 412 for -
voltage applied to a DC fan notor (brushless [err] 13 to to
36 [V] in accordance with a signal froma m croconputer 41

motor serves to bl ow out cool air or warmair into a roomto b_e

air-conditioned, The power supply circuit 413 generates a DC voltage of 5
[V] to be applied to the rTicroconputhIrG4114. The notor driver 415




control's the energization (current supply) timnmng of the stkis8heetiasitenRe
the DC fan notor 13 in response to a signal fromthe mcroc "jmﬂy
which is based on rotational position information on the DC

The switch board 417 is fixedly nmounted on an operation panel for the
indoor side unit 400. An ONVOFF switch, a test run switch and the like are
arranged on the switch board 417. The receiver 418a receives a renote
operation si gnal (e.0., an OV OFF signal, a cool i ng/ heating
switching signal, or a roomtenperature setting signal) froma wreless

renote controller 460. The display panel 418 displays an operation status
of the air conditioner. The flap
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motor 419 serves to nmove flaps for changing the blomnng dlﬂ@esmmﬁi een Replaced
cool/warmair. In addition, the control circuit includes a r Iﬂl

sensor 420 for detecting'the roomtenperature, a heat exchan
sensor 421 for detecting the tenperature of the indoor heat exchanger

a hum dity sensor 422 for detecting - 15 - the roomhum dity. Those
detection val ues whi ch have been
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. - g This Sheet Has Been Replaced
obt ai ned by these sensors are A/ D-converted and taken int I

m croconputer 414. A control signal H Iélw IIL -
nd a -

fromthe nicroconput eHll}IHBI'
transmtted to the outdoor side unit 500 through a seri al

termnal board [err]. In addition, a triac 426 and a heater relay 427 are
controlled by the m croconputer 414 through a driver 424, thereby

stepwi sely controlling power which is supplied to a re-heating heater 425
used for a drying operation. Arelay 428 is controlled by the m croconputer
414 through the driver 424, thereby stepw sely co ke | = wer- which is

supplied to the valve 22. Reference |nuneral 43 FesaPg an—ext ernal ROM
for storing
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. . : een Replaced
speci fic data which specify the type and characteristies Bs hect Bas b
~conditioner. These specific data are taken out from'he Eext\ “M\“

i medi ately after the power supply switch is turned on and nis
stopped. Wien the power supply switch is turned on, input of a.comrand from
the wireless renote controller 46FBF- detection of the status of the OV OFF
swtch or the test run switch (whose operations wll be described |ater)

are not perforned until the specific data have been conpletely taken out
fromthe exter BERFEFERBNT TREFRBFERMIT circuit for the outdoor side unit
500 will be next described. ’
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In the outdoor side unit 500, terninal boards [err] and T e“}MSB“mkelmmd
respectively connected to termnal boards [err] and [err]* IHI““
arranged in the indoor side unit4@0. ;Reference nuneral 531

vari stor -which is connected in parallel to the termnal boards [err] and
[err]; 532, a noise filter; 534, a reactor; 535, a voltage double rectifier
for doubling a vol tage; 536, a noise filter; and 537, a snobothing circuit

(ripple filter) for

4\
& (i . _ 3 < REFRIGERANT
COUNTERFLOW
RIQUID .
(WATER)
FIG. 8
i
& —9 ¢ REFRIGERANT
- _,1[1
PARALLEL-FLOW 4
'~ NM RIQUID.

(WATER)



obtaining a DC voltage of about 280 [V] froman AC voltage of 100 [V].

Ref erence nunmeral 539 represents a gerial circuit for performng signal
conversion of a control signal supplie r%ﬂWFﬁEﬁPHdodB SifgguUni t 400
through the term nal board T 3 and &rars®i jdrafgedpeoonverted signal to a
m croconputer 541. Reference nuneral 540 represents a current detector for
detecting a current supplied to a load in a current transforner (CT) 533 of

t he outdoor side unit 500 tp snmooth the current to a DC vol tage and supply
the DC voltage to the mcr conputer 541; 542, a sy tching poviis ShetpiidsBeen R i

circuit for generating a p I SREMRT¥ERANT II ll" ml
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vol tage for the m croconmputer 541; and 538, a notor driver psBe lmmd
transistors for performng PWM control of power supplied to- ayh i
notor 543 (to be described later) on the basis of a control

m croconputer 541. The six power transistors of the notor driver 538 ar
connected in the formof a three-ph qudge thus constituting a

so-called inverter unit. Reference ral’ 11 represents a conpressor for

the refrigeration cycle; 544, a discharge tenperature sensor for detecting
the tenperature of the
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- 17 - refrigerant on the discharge side of the conpressor;:and 15, a fan
nmotor which is controlled in its speed at three steps and serThisShdetHas 84 Re laced
air to the.outdoor heat exchanger. As described above, the si

change- over valve 115 and the el ectromagneti c opening and cl ojil m,”'mH,m,I
serve to switch the refrigerant passages of the refrigerant in the
refrigeration cycle. Further, in the outdoor side unit 500, an outdoor
tenperature sensor 548 for detecting an outdoor tenperature is arranged in
the vicinity of the air intake port, and an outdoor :
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' ct e er at : | Thi t Has Been Replaced
heat ‘exchanger tenperature sensor 549 for detecting the ﬂeﬁBﬁmﬁe ﬂﬁ

out door heat exchanger is arranged. Detection val ues obtajne M&B‘“L

sensors 548 and 549 are A/ D-converted and taken into the mc

Ref erence nuneral 550 represents an external ROM having the same function

as that of the external ROM 430 in the indoor side unit 400. The inherent

dat a about the outdoor side unit 500, which are simlar to those descri bed
with reference to the external ROM 430, are stored in the ROM 550:

Ref erence synbol F in each of the control circuits of the indoor side unit
" 400 and the outdoor side unit 500 represents a fuse.

14

FIG.

REFRIGERANT FLOW IN ROOM COOLING OPERATI.ON
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that a ROM storing prograns in advance, a RAM storing refer

CPU for executing the progranms are_hous i n the sane packa

(MCS-96 series) available fromlInt EFG@'OSSor ation). - 18 - The operation
of the air conditioner thus constructed wll be described hereunder wth
reference to Figs. 2 and 3. \lf

: v '
Each of the microconputers (control elenents) 414 and 541 gmaﬁ

FIG. 16
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Fig. 2 shows the refrlgerant flowin the refrlgerant Ci 1 cui Thiscléet B Hell R eptaced
heating operation for the roomto be air-conditioned,

and H
refrigerant flow in the refrigerBRe- clfcuit during t he cool i wwﬂg m
for the room In the heating operation, the refrigerant flows
ports (1) and (4) of the six-way change over valve into the indoor heat

exchanger -12 as’indicated by arrows. At this tipge, the indoor heat
exchanger 12 serves as a conden

thus it akes a heat-radiating
action. Therefore, warmair A |@bro out to t i ndoor side by bl ow ng
the air through the indoor fa refr|

rant passing throu%h the
i ndoor heat exchanger 12 is. .
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passed through the capillary tube 14 because the el ectromagneti c opening
rand closihg valve 22 is closed, so that its pressure is reduced.

Thereafter, the pressure-reduced refrigerant is supplied_nto.the-six—way—
change-over valve 115, and flows through the ports (2) and (6) of the

si x-way change-over valve 115 into the outdoor heat exchanger 15. In this
case, the outdoor heat exchanger 15 serves as an evaporator, and thus it

t akes endot herm c action. Therefore, cooled air B is discharged to the

out door side by blowi ng the air through-t out door fan 16. The refri gerant

passing through teig N o0F T P By R IR stk wia P BiiieE WA VAN

el ectromagneti c
' BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a refrigeration cycle using:
a six-way change-over valve, and pafticularly to a refrigeration
cyéie using a six-way changé—over valve in which refrigerant can
flow through indoor and outdoor heat exchangers in a fixed
direction at any time.
2. Description of Related Arf

A refrigerant circuit for use in a conventional air
conditioner includes a compressor, a four-way change-over valve,
a heat exchanger at an using side,:an expansion device, a heat
exchangerAét a heat source side, etc. When a heating operation
is carried out, refrigerant flows through the aﬁove elements in
this order. On the other hand, when a cooling operation is
carried out, the refrigerant flows through the zbove elementis in
the opposite direction to the above direction by switching the
four-way change-over valve. Recently, an air conditioner using
refrigerant (HFé type refrigerant) or substitute refrigerant such
as non-azeotropic mixture refrigerant formed of refrigerant
having high boiling point and refrigerant having low boiiing
point or the like, has been developed. N

In the air condition using the non-azeotropic mixture
refrigerant, the refrigerant having low boiling point is

evaporated prior to evaporation of the refrigerant having high

This is the replacement sheet
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opening and closing valve 17 with no resistance becausgﬂLhe—-’”“I§~7——fd

el ectromagneti c opening and closing valve 17 is opened, and then enters the
si x-way change-over valve 115. Thereafter, the refrigerant is passed i
through the ports (3) and (5) of the six- way change-over valve 17 into the
accunul ator 18, and returned to the conpressor 11. In the coollng

oper ati on, the refrigerant which 1is

-2 -

boiling point. Therefore, when the heat exchanger serves as an
evaporator, temperature difference occurs between refrigerént
inlet and outlet sides of a heat exchanger, so that the
temperature at the inlet side of the heat exchanger becomes lower
than that at the outlet side of the heat exchanger. On the other
hand, when the heat exchanger serves as a condenser, the
refrigerant having high'boiling point is condensed prior to
condensation of tﬁe refrigerant having low boiling temperature.
Therefore, the temperature at the inlet side of the heat
exchanger becomes higher than the temperature at the outlet side
of the heat exchanger. Accordingly, when such non-azeotropic
refrigerant is used in an air conditioner, it is effiéiently
preferable: to design the refrigerant circuit so that the
refrigerant and the air (or water) are enforced to flow in
opposite directioneg, that is, it is preferable to establish
counterflow relationship between the refrigerant flow and the air
flow. |

In general, refrigerant pipes are disposed in a multiple
arrangement in the heat exchanger. That is, the refrigerant first
flows through a pipe on the front face of the heat exchanger and
then turns to and flows through a pipe on the back face thereof.
Alternatively, the refrigerant first flows through a pipe on the
back face of the heat exchanger and then turns to and flows
through a pipe on the front face thereof. Accordingly, in order

to improve the efficiency of the heat exchanger, the priority of

Thié is the rep\aqement sheet
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conpressed in the conpressor 11 first flows into the ouggggf:ﬁéafzggggg%;;;
15 through the ports (1) and (6) of the six-way change=way val ve 115 as -
indicated by arrows. At this time, the outdoor heat exchanger 15 acts as a
condenser and thus it takes the heat radiating action. Tperefore, t he warm
air Ais discharged- to the outdoor side by blowing the air through the
outdoor fan 16. Since the el ectromagnetic opening and closing valve 17 is
cl osed, the refrigerant passing through the outdoor heat exchanger 15 is
passed through the capillary tube 21 sothat. its pressure is reduced.
Thereafter, the pressure-reduced refrigérant enters the six-way change-over
val ve 115, @l £8€8 of the heat exchanger on which the refrigerant first

flows must be determined on the basis of the disposing position
of the fan (i.e., the front face of the heat exchanger or the
back face of the heat éxchanger). The improvement. of the
efficiency as described above is applied to both cases where the
refrigerant comprises HFC type refrigerant and where it comprises
non4azeotropic mixture refrigerant.

However, when one of the heating operation and the cooling
operation is selectively performed by switching the four-way
change-over valve as described above, the refrigerant and the air
(or.water) necessarily flow in the same direction (in parallel
to each otber) either in the heating'operation or in the cooling
operation because the refrigerant flow direction in each of the
heat exchanger at the user side and the heat exchanger at the
heat source side is completely reversed between the heating
operation and the cooling operation. Therefore, this conventional
air conditioner has a problem that a coefficient of performance
(COP) is reduced.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an air
conditioner in which refiigerant flowing in a heat exchanger at
an user side and a heat exchanger at a heat source side is
allowed to flow in the same direction both in a heating operation
and in a cooling operation.

In order to attain the above object, according to a first
This is the replacement sheet
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flows into the indoor heat exchanger 12 through the pQ£g§;1§l_gﬂd_44}—eL—
t he si x-way change-over valve 115. At this tine, the indoor heat exchanger
acts as an evaporator, and thus it takes the endotherm c action. Therefore,

the cool air B is discharged to the indoor side by blow ng the air through
t he indoor fan 13. Since the el ectromagnetic opening and ctosing valve 22

I S opened,

the refrigerant passing through the indoor heat exchanger 12

is passed- through the

- 4 -

aspect of the preéent invention, a refrigeration cycle is
performed, comprises a compressor, an indoor heat exchanger, an
expansioh device, an outdoor heat exchanger and a six-way change-
over valve having a refrigerant passage through which refrigerant
flows among the compressor, the indoor heat exchanger, the
expansion.device and the outdoor heat exchanger, wherein the six-
way change-over valve serves to selectively switch the
refrigerant passage so that the refrigerant passing in the indoor
and outdoor heat exchangers flows in the same direction at any
times when the refrigerant cycle is switched to a cooling
operation cycle and switched to a heating operation cycle.

In the refrigerant cycle as described above, the expansion
device mé& comprise a first expansion device which is disposed
ét an outlet side of the indoor heat exchanger and serves to pass
therethrough the refrigerant supplied from the indoor heat
exchaﬁger while reducing the nressure of the.refrigerant in the
heating operation cycle, and to directly pass thérethrough the .
refrigerant supplied from the indoor heat exchanger without
reduéing the pressure of the refrigerant in the cooling operation
cycle, and a second expansion device which is disposed at an
outlet side of the outdoor heat exchanger and serves to pass
therethrough the refrigerant supplied from the outdoor heat
exchanger while reducing the pressure of the refrigerant in the
;oomlcooling operation cycle, and to directly pass therethrough

the refrigerant supplied from the indoor heat exchanger without

This is the replacement sheet
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- 20 - electromagnetic opening and cl osing val ve 22 mﬁtﬁﬂﬂg_hes+s+anté7"'
enters the six-way change-over valve 115, and then is returned to the
accurul ator 18 and the conpressor 11 through the ports (2) and (5) of the
si x-way change-over valve 115. According to the air conditioner thus
constructed, it is apparent fromFigs. 2 and 3 that the refrigerant flows
t hrough each of the indoor heat exchanger312 and the outdoor heat exchanger
15 in the sanme direction both in the room.cooling operation and in the room
heati ng optEeduedng the Préssyirg of i the caefmrigerantnhdnf the herting aneration
are set to be nutually

cycle.

In the refrigerant cycle as described above, the six-way
change~over valve may cdmprise a valve housing having three inlet
ports of first to third inlet ports and three outlet ports of
first to third outlet ports, and a valve plug'for selectively
connecting any one inlet port to any one of two outlet ports.

The six-way change-over valve as described above may have
at least one refrigerant passage through which the refrigerant
flows substantially linearly.

In the refrigerant cycle as described above, the first to
third inlet ports are connected to a discharge side of the
compressor, an outlet side of the first pressure reducing unit
and an outlet of the second pressure reducing unit respectively,
and the first to third outlet ports are connected to an inlet
side of the indoor heat exchanger, an suck-in side of the
compressor and an inlet side of the outdoor heat exchahger
respectively, thereby constituting the refrigerant cycle.

The refrigerant cycle as described above may further
comprise a defrosting circuit containing an electromaghetic
opening and closing valve which is connected between a discharge
side of the compressor and an inlet side of the outdoor heat
exchanger.

In the air conditioner as described above, the first

reducing unit and/or the second reducing unit may comprise a

This is the_replacement sheet
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counterflow to each other in both the heat exchangers 12 and 15 as———
described later, this counterflow relationship can be kept to be
established at all tines (i.e., in both the roomcooling operation and the
heating operation). In this enbodi ment, substitute refrigerant such as non-
azeotropic mxture refrigerant forned of refrigerant having high boiling
point and refrigerant having |low boiling point is used as the refrigerant
passing in the refrigerant circuit. In the non-azeotropic m xture
refrigerant, the refrigerant having | ow boiling point is evaporated prior
to the refrigerant having high boiling fioBnt. Therefore, when the heat

exchanger acts_as an , ,
capillary tube and an electromagnetic opening and closing valve

which is provided in pérallel to the capillary.

In the air conditioner as described above, at least the
compressor, the qutdoor heat exchanger and the six-way change-
over valve may be accommodated in an outdoor side unit, and at
least the indoor heat exchanger is accommodated in an indoor side
unit.

According to a second aspect of the present invention, a
refrigeration cycle having a compressor, an outdoor heat
exchanger, an indoor heat exchanger, a first expansion device
which is switchable between a validity state and a non-validity
state for .an .expansion action, and a-second exgansion device
which is switchable between a validity state and a non-validity
state for an expansion action, comprises a six-way change-over
valve which is provided with gix ports £from a first port to a
sixth port, and can be selectively set to either a first state
where the first port and the fourth port are allowed to
intercbmmunicate with each other, the second port and the sixth
port are allowed to intercommunicate with each other and the
third port and fhe fifth port are- allowed to intercommunicate
with each other, or a second state where the first port and thg
sixth port are allowed to intercommunicate with each other, the
second port and the fifth port are allowed to intercommunicate
with each other, and the third port and the fourth port are

allowed to intercommunicated with each other, a first refrigerant

This is the reptacement éhaet
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evaporator, tenperature variation occurs between the inlet an

of the heat exchanger, and the tenperature at the inlet side of the heat
exchanger becones | ower than that at the outlet side. On the other hand,
when the heat exchanger acts as - 21 - a condenser, the refrigerant

havi ng hi gh boiling point is condensed prior to the refrigerant having | ow
boiling point, and the tenperature at the inlet side of the heat exchanger

becones

-7 -

pipe for conneéting a discharge port of'the compressor to the
first port of the valvé, a second refrigerant pipe for connecting

a suck-in port of the compressor to the fifth port of the valve,

a third refrigerant pipe for connecting an inlet port of the
outdoor heat exchanger to the fourth port-of the valve, a fifth
refrigerant pipe for connecting an outlet port of the oﬁtdoor
heat exchanger through fhe first expansion device to the second
port of the valve, a sixth refrigerant.pipe for connecting an

inlet port of the indoor heét exchanger to the sixth port of the

"valve, and a seventh refrigerant pipe for connecting an outlet

port of the indoor heat exchanger through the second expansion
device to_ the third port of the valve, wherein the six-way
change-over valve is kept to the first state by setting the first
expansion device to the validity state and setting the second
expansion device fo the non-validity state when a cooling
operation is performed by fhe indoor heat exchapger, and kept to
the second state by setting the first expansion device to the
non-validity state and setting the second expansion device to the
vaiidity state when a heating operation is performed by indoor
heat exchanger.

According to a third aspect of the present invention, a
refrigeration cycle having a compressor, an outdoor heat
exchanger, an indoor heat exchanger, a_first expansion device
which is switchable between a validity state and a non-validity

state for an expansion action, and a second expansion device

This is the replacement sheet
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hi gher than that at the outlet side. Wen such non-azeotropic mxture
refrigerant is used, it is efficiently preferable to establish the
counterflow rel ati onship between the refrigerant flow and the air flow
(water flow) in-the heat exchanger. Fig. 5 shows a counterflow type heat
exchanger, and Fig. 6 shows a parallel-flow type heat exchanger. In the
counterflow type heat exchanger as shown in Fig. 5, refrigerant and air are
enforced to flowin the opposite directions, that is, the counterfl ow

rel ationship is established between the rgfrigerant flow and the air flow.
On the other hand, in the parallel-flowTypé heat exchanger as shown in
“Fig. 6, refyhiss aid swikcidbie between a validity state and a non-validity

staté fér an expansion action, comprises a six-way change-over
valve which is provided with six ports from a first port to a
sixth port, and can bg selectively set to either a first state
where the first port and the sixth port are allowed to
intercommunicate with each other, the second port and the fifth
port are allowed to intercommunicate with each other and the
Ithird port and the fourth port are allowed to intercommunicate
with each other, or a second state where the first port and the
fourth port are allowed to intercommunicate with each other, the
second port and the sixth port are allowed to intercommunicate
with each other, and the third port and the fifth port are
allowed to intercommunicated with each other, a fifst refrigerant
pipe for connecting a discharge port of the cdmpressor to the
first port of the valve, a second refrigerant pipe for connecting
a suck-in port of the compressor to the fifth port of the valve,
a third refrigerant pipe for connecting an inlet port of the
outdoor heat exchanger to the fourth port of the valve, a fifth
refrigerant pipe for connecting an outlet port of the outdoor
heat exchanger'through the first expansion device to the second
port of the valve, a sixth refrigerant pipe for connecting an
inlet port of the indoor heat exchanger to the sixth port of the
valve, and a seventh refrigerant pipe for connecting an oqtlet
port of the indoor heat exchanger through the second expansion

device to the third port of the valve, wherein the six-way
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enforced to flowin the sane (parallel) direction, that is, the——

parallel-flow rel ationship is established between the refrigerant flow and
the air flow Fig. 7 shows a water-type counterfl ow heat exchanger, and
Fig. 8 shows a water-type parallel-flow heat exchanger. In the water-type
counterfl ow heat exchanger as shown in Fig. 7, refrigerant and water are
enforced to flowin the opposite directions, that is, the counterfl ow
relationship is established between the refrigerant flow and the water
flow. On the other hand, in the water-typg parallel-flow heat exchanger as
shown in Fig. 8, refrigerant and water areenforced to flowin the sane

change-over valve is kept to the first state by setting the first
expansion device to the validity state and setting the second
expansion device to the non-validity state when a cooling
operation is performéd by the indoor heat exchanger, and kept to
the second state by setting the first expansion device to the
non-validity state and setting the second expansion device to the
validity state when a heating operation is performed by indoor
heat exchanger
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the whole construction
of én air conditioner using the present invention;

Fig. 2 is a diagram showing a refrigerant circuit of an
embodiment of the present invention, particularly ﬁhen a heating
operation is carried out:;

Fig. 3 is a diagram showing the refrigerant circuit the
embodiment of the present invention, particularly when a cooling
operation is carried out:

Fig. 4 is a block diagram for a control system of the air
conditioner using the present invention:;

Fig. 5 is a schematic diagram showing a counter-flow air
type heat.exchanger; |

Fig. 6 is a schematic diagram showing a parallel-flow air.
type heat exchanger;

| Fig. 7 is a'diagram_showing a counter-floﬁ water type heat

exchanger;
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- 22 - (parallel) direction, that is, the parallel-flowrelationshipis
establ i shed between the refrigerant flow and the water flow. Figs. 9 to 12
show experinental results when the water-type heat exchangers shown in
Figs. 7 and 8 were actually used. In this experinment, refrigerant whose

m xi ng.rate of HFC- 32/125/134 was 30% 10% 60% was used. In this experinent,
variation in the tenperature difference

- 10 -

Fig. 8 is a diagram showing a parallel-flow water type heat
exchanger; _

Fig. 9 is a graph showing a performance test result in a
condensing'process of the counter-flow heat exchanger and the
parallel-flow type heat exchanger;

Fig. 10 is a graph showing a performance test result in a
evaporating process of the counter-flow heat exchanger and the
parallel-flow type heat exchanger:;

Fig. 11 is a graph showing a heat transfer rate in a
condensing process of the counter-flow heat exchanger and the
parallel-flow héat exchanger:;

Fig. 12 is a graph showing a heat transfer rate in a
evaporating process of the counter-flow heat excﬁénger and the
parallel-flow heat exchanger:

Fig. 13 is a diagram showing a refrigerant circuit of
another embodiment of the present invention, particularly when
the heating operation is carried out;

Fig. 14 is a diagram showing the refrigerant circuit of the
other embodiment of the air conditioner according to the present
invention, particularly when the cooling operation is carried
out; |

Fig. 15 is a cross-sectional view showing an embodiment of
a six-way change-over valve, and shows a switching state of a
valve body particularly in the heating operation;

Fig. 16 is a cross-sectional view corresponding to Fig. 15,
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between the tenperature at the inlet side and the tenperature at the outlet
si de of the heat exchanger was observed and conpared between the counterf

| ow heat exchanger and the parallel-flow heat exchanger in a condensing
process under a condition that the water tenperature at the inlet was
constant, and it was proved that the tenperature difference in the counterf
| ow heat exchanger becanme greater than that in the parallel-flow heat
exchanger as shown in Fig. 9. This result shows that the counterf |ow heat
exchanger has a hi gher heat-exchange effigfjency than the parallel-flow heat
exchanger, In this experinent, variation ol The tenperature difference

and shows a switching state of the valve body particularly in the
cooling operation;

Fig. 17 is a cross-sectional view showing another embodiment
of the six-way change-over valve, and shows a switching'state of
the valve body p;rticularly in the heating operation; and

Fig. 18 is a cross-sectional view corresponding to Fig. 17,
and shows a switching state of the valve body particularly in the
cooling operation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
will be described hereunder with reference to the accompanying
drawings.

A first embodiment of an air conditioner usiﬁg the present
invention will be first described.

Fig. 1 is a perspective view showing a first embodiment of
a generél domestic air conditioner. This type of air conditioner
includes an unit at an user side (hereinafter.referred to as
"indoor side unit") 400 which is disposed indoors, and an unit
at a heat source side (hereinafter referred to as "outdoor side
unit") 500 whiéh is disposed outdoors, and both the indoor side
unit 400 and the outdoor side unit 500 aré connected to each
other through refrigerant pipes 300.

Figs. 2 and 3 are refrigerant circuit diagrams for the air

conditioner according to this embodiment for heating and cooling

operations respectively.
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bet ween the tenperature at the inlet side and the tenperature at the oufl et
si de of the heat exchanger was al so observed and conpared between the
counterfl ow heat exchanger and the parallel- flow heat exchanger in an
evaporating process under the condition that the water ttemperature at the
inlet was constant, and it was proved that the tenperature difference in
the counterfl ow heat exchanger becane greater than that in the

parall el -flow heat - 23 -

- 12 -
In Figs. 2 ‘and 3, the refrigerant circuit includes a
compressor 11, a heat exchanger at an user side (hereinafter
referred to as "indoor heat exchanger") 12, a fan at an user side
(hereinafter referred to as "indoor fan") 13, a capillary tube
14, an electromagnetic opening and closing (switch) valve 22, a
six-way change-over valve 115, a capillary tube 21, an
electromagnetic opening and closing (switch) valve 17, a heat
exchanger at a heat source side (hereinafter referred to as
"outdoor heat exchanger") 15, a fan at a heat source side
(hereinafter referred to as "outdoor fan") 16, ana an accumulator
18. The refrigerant circuit further includes a defrosting circuit
131 contaiging an eléctromagnetic opening and closing valve 133,
and it is connected between_the compressor 11 aﬁd the outdoor
heat exchanger 15.
In this embodiment, the six-way change-over valve 1.5 is
| provided in the refrigerant circuit, and the capillary tube 14
(21) is provided with the electromagnetic opening and closing
valve 17 (22) in parallel to the capillary tube 14 (17). The
capillary tube 14 and the electromagnetic opening and closing
valve 22 constitute a first expansion device 110, and the
capillary tube 21 and the electromagnetic opening and'closing
valve 17 constitute a second expansion device 120.
As shown in Figs. 2 and 3, the six-way change-over valve 115
includes a valve housing 101 having three inlet ports (1), (2)

and (3) and three outlet ports (4), (5) and (6), and a valve plug
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exchanger as shown in Fig. 10. This result shows that t-he—eounterilowheat
exchanger has al so a hi gher heat-exchange efficiency than the parallel-flow
heat exchanger. Figs. 11 and 12 are graphs showing a heat transfer rate in
the condensing process and the evaporating process of the counter-flow heat
exchanger and the parallel-flow heat exchanger. As.shown in Fig. 11, it was
proved that the heat transfer rate for the condensing process in the
counterfl ow heat exchanger is higher than that in the parallel-flow heat
exchanger by about 14% Furthernore, as igaew in Fig. 12, it was al so
proved that the heat transfer rate for the evaporating process in the
102 for selectively connecting one inlet port to two outlet
ports. Furthermore, as shown in Fig. 2, the first inlet port (1)
is connected to the discharge side of the compressor 11, the
second inlet port- (2) is connected to the outlet of the first
~expansion device 110 at the indoor side and the third inlet port
(3) is connected to the outlet of the second expansion device 120
at the outdoor side. The first outlet port (4) is connected to
the inlet of the indoor heat exchanger 12, the second outlet port
(5) is connected to the suck-in side of the compressor 11
(accumula;or 18), and the third outlet port (6) is connected to
the inlet side of the outdoor heat exchanger 15.

Fig. 4 is a block diagram showing a control circuit for the
air conditioner to which this invention is appiied. A half
circuit portion located at the left side of the one-dotted chain
line drawn in the middle of Fig. 4 corresponds to a control
circuit arranged in the indoor side unit 400, and the other half
circuit portion located at the right side corresponds to a
control circuit arranged in the outdoor side unit 500. The two
control circuits are connected to each other through power lines
100 and a communication (control) line 200.

The control circuit in the indoor side unit 400 comprises
a rectifier 411, a power supply circuit 412 for motors, a power
supply circuit 13 for a control operation, a motor driver 415,

a fan motor 13, a switch board 417, a receiver 418a, a display

panel 418, and a flap motor (M,) 419.
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counterfl ow heat exchanger is higher than that in the parallel- flow heat
exchanger by about 25% These results are not directly -apptHeableto a
fin-tube type air heat exchanger which is used for a general air
conditioner, however, it is proved that the counterflow relationship is
required in both the cooling operation and the heating operation to inprove
the performance of the system (coefficient of performance; COP). According
to this enbodi nent, if the counterflow relationship as described
above is once established for the refrigeadant flow in the heat exchangers
12 and 15, unlike. a '

: The rectifier 411 rectifiers an AC voltage of 100 [V] which

is applied through a plug 410a. The power suppiy circuit 412 for
motors adjusts a DC voltage applied to a DC fan motor (brushless
motor)(Mlj 13 to a voltage.of 10 to 36 [V] in accordande with a
signal froﬁ a microcomputer 414. The DC fan motor serves to blow
out cool air or warm air into a room to be air-conditioned,l
The power supply cir&uit 413 generates a DC voltage of 5 [v]
to be applied to the microcomputer 414. The motor driver 415
controls the energization (current supply) timing of the stator
. winding of the DC fan motdr 13 in response to a signal from the
microcomputer 414, which is based on rotational position
information on the DC fan motor 13. The switch board 417 is
fixedly mo;nted on an operation panel for the indoor side unit
400. An ON/OFF switch, a test run switch and the 1like are
arranged on the switch board 417. The receiver 418a receives a
remote operation signal (e.qg., an ON/OFF signal, a
cooling/heating switching signal, or a room temperature setting
signal) from a wireless remote controller 460. The display panel
418 displays an operation status of the air conditioner. The flap
motor 419 serves to move flaps for changing the blowing direction
of cool/warm air.
In addition, the control circuit includes a room temperature
sensor 420 for detecting the room temperature, a heat exchanger
temperature sensor 421 for detecting the temperature of the

indoor heat exchanger, and a humidity sensor 422 for detecting
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conventional air conditioner, the refrigerant flow can be prevented from

bei ng reversed through a switching operation of a four-way valve, that is,
the refri.gerant flow can be prevented - 24 - from being changed fromthe
counterf lowrelationship to the parallel-flow relationship through the

swi tching operation of the four-way valve, so that the COP representing the
performance of the system can be inproved. That is, as shown in the

fol |l owi ng '

- 15 -
the room humidity. Those detection values which have been
obtained by these sensors are A/D-converted and taken into the
microcomputer 414. A control signal from the microcomputer 414
is transmifted to the outdoor side unit 500 through a serial
circuit 423 and a terminal board T,. In addition, a triac 426 and
a heater relay 427 are controlled by the microcomputer 414
through a driver 424, thereby stepwisely controlling power which
is supplied to a re-heating heater 425 used for a drying
operation. A relay 428 is controlled by the microcomputer 414
through the driver 424, thereby stepwisely controlling power
which is supplied to the valve 22. |

Réferepce numeral 430 represents an ekternal ROM for storing
specific data which specify the type and characteristics of the
air conditioner. These specific data are taken but from the
external ROM 430 immediately after the power supply switch is
turned on and an operation is stopped. When the power supply
switch is turned on, input of a command from the wireless remote
controller 460 or detection of the status of the ON/OFF switch
or the test run switch (whose operations will be described later)
are not performed until the specific'data have been completely
taken out from the external ROM 430.

The control circuit for the outdoor side unit 500 will be
next described.

In the‘outdoor side unit 500, terminal boards T',, T', and

T', are respectively connected to terminal boards T,, T, and T,
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table 1, as conpared with a conventional system (the he@t-W
to a counterf low type in the cooling operation), the cpeffitient of
performance in the systemof this enbodi nent becones hi gher, particularly
in the heating operation because the heat exchanger is set to a counterflow

type at all times. TABLE 1 CONVENTI ONAL SYSTEM | NVENTED
SYSTEM ( COUNTERFLOW AT COOL TI ME) ( COUNTERFLOW AT HEAT TI ME) COOL
HEAT cooL HEAT PONER 2. 738 4. 100

2. 730 4.125 (KW

- 16 -

arranged in the indoor side unit 400. Reference numeral 531
represents a varistor which is connec.ted in parallel to the
terminal boards T!, and T',; 532, a noise filter; 534, a reactor:;
535, a voltage double rectifier for doubling a voltage; 536, a
noise filter; and 537, a smoothing circuit (ripple filter) for
obtéining a DC voltage of about 280 [V] from an AC voltage of 100
[vi.

Reference numeral 539 represents a serial circuit for
perfdrming signal conversion of a control‘signal supplied from
the indoor side unit 400 through the terminal board T';,; and
transmitting the converted signal to a microcomputer 541.
Reference numeral 540 represents a current detector for detecting
a current supplied to a load in a current transformer (CT) 533
of the outdoor side unit' 500 to smooth the current to a DC
voltage end supply the DC voltage to the microcomputer 541; 542,
a switching power 'supply circuit for generating a power supply
voltage.for the microcomputer 541; and 538, a motor driver having
six power transistors for performing PWM control of power
supplied to a compressor motor 543 (to be described later) on the
basis of a control signal from the microcoﬁputer 541.

The six power transistors of the motor driver 538 are
connected in the form of a three-phase bridge, thus constituting
a so-called inverter unit. Reference numeral 11 represents a
compressor for the refrigeration cycle; 544, a discharge

temperature sensor for detecting the temperature of the
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coP 2.59 3.09 2.59 3.17 In the heating
operation, the outdoor heat exchanger 15 acts '‘as an evaporator, an hus
frost is liable to be induced at the inlet portionbegLegiffﬁf’fﬁEd/Lhﬂ
refrigerant. However, according to this enbodinentgaLEEXL%QELLng/eaﬁﬂbé
suppressed by disposing the inlet portion of the h anger at the'lee
side. Furthernore, this enbodinent is also characterized in that the

si x-way change-over valve 115 is used as a single-structured
. - 17 -

refrigerant on the dischérge side of the compressor; and 15, a
fan motdr which is controlled in its speed at tbree steps and
serves to send air to the outdoor heat exchanger. As described
above, the six-way change-over valve 115 and the e;ectromagnetic
opening and closing valves 17 serve to switch the refrigerant
passages of the refrigerant in the refrigeration cycle.

Further, in the 6utdoor side unit 500, an outdoor
temperature sensor 548 for detecting an outdoor temperature is
arranged in the vicinity of the air intake port, and an outdoor
heat exchanger temperature sensor 549 for detecting the
temperature of the outdoor heat exchanger is arranged. Detection
values obtained by these sensors 548 and 549 are A/D-converted
and taken’into the microcomputer 541.

Reference numeral 550 represents an external ROM having the
same function as that of the external ROM 430 in the indoor side
unit 400. The inherent data about the outdoor side unit 500,
which are similar to those described with reference to the
external ROM 430, are stored in the ROM 550. Reference symbol F
in each of the control circuits of the indoor side.unit 400 and
the outdoor side unit 500 rebreSents a fuse.

| Each of the microcomputers (controi elements) 414 and 541
is designed such that a ROM storing programs in advance, a RAM
storing reference data and a CPU for executing the programs are
housed in the same package (87C196MC (MCS-96 series) available

from Intel Corporation).
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- 25 - change-over valve to construct the system Wth this

construction, the systemcan be designed in a very sinple structure, -and
t he six-way change-over valve 115 can be easily controll ed because it can
be controlled in a simlar control manner to the conventional air

condi tioner using a four-way change-over valve. Figs. 13 and 14 are

di agrans showing a refrigerant circuit of another enbodi nent of the air
condi tioner using the present invention when the heating operation is
carried out and when the - 18 -

The operation-of the air conditioner thus constructed will
be described hereunder with reference to Figs. 2 and 3.

Fig. 2 shows the refrigerant floQ in the refrigerant circuit
during the heating operation for the room to be air-conditioned,
and Fig. 3 shows the refrigerant floﬁ in the refrigerant circuit
during the cooling operation for the room.

In the heating operation, the refrigerant flows through the
ports (1) and (4) of the six-way change-over valve into the
indoor heat exchanger 12 as indicated by arrows. At this time,
the iﬁdoor heat exchanger 12 serves as a condenser, and thus it
takes a heat-radiating action. Therefore, warm air A is brown out
to the indoor side by blowing the air through the indoor fan 13.
The refrigérant passing through the indoor heat eébhanger 12 is
passed through the capillary tube 14 because the electromagnetic
opening and clbsing valve 22 is closed, so that its pressure is
reduced. Thereafter, the pressure-reduced refrigerant is supplied
into the six-way change-over valve 115, and flows through the
ports (2) and (6) of the six-way change-over valve 115 into the
outdoor heat exchanger 15.

In this case, the outdoor heat exchanger 15 serves és an
evaporator, and thus it takes endothermic action. Therefore,
cooléd air B is discharged to the outdoor side'by blowing the air
through the outdoor fan 16. The refrigerant passing through the
outdoor heat exchanger 15 is passed through the electromagnetic

opening and closing valve 17 with no resistance_because the
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L cooling operation is carried out, respectively. The dLLLgLeanﬁ@+ﬂT’b€TGEen
the first and second enbodi nents of the air conditionér resides in the
passage structure of the- six-way change-over valve 115, and vari ous -
nmodi fi cati ons may be nmade to the passage structure. Fdr exanple, as the
si x-way change-over valve 115 nmay be used a rotational type as shown in
Figs. 15 and 16, a slide type as shown in Figs. 17 and 18 or the Ilike.

Figs. 15 and 16 show the rotational type six-way change-over val ve, which
is used in the refrigerant circuit showin Figs. 13 and 14. The rotati onal
type six-way change-over valve includes. 19 . '

electromagnetic opening and closing valve 17 is opened, and then
enters the six-way change-over valve 115. Thereafter, the
refrigerant is passed through the ports (3) and (5) of the six-
way change-over valve 17 into the accumulafor 18, .and returned
to the compressor 11.

In the cooling operation, the refrigerant which is
compressed in the compressor 11 first flows into the outdoor heat
exchanger 15 through the ports (1) and (6) of the six—Way
change-way valve 115 as indicated by arrows. At this time, the
outdoor heat exchanger 15 acts as a condenser and thus it takes
the heat radiating .action. Therefore, the warm air A is
discharged- to the outdoor side by blowing the air through the
outdoor fanlls. Since the electromagnetic - opening and closing
valve 17 is closed, the refrigerant passing through the outdoor
heat exchanger 15 is passed thrcugh the capillary tube 21 so that
its pressure is reduced. Thereafter, ' the pressure-reduced
refrigerant enters the six-way change-over valve 115, and then

- flows into the indoor heat exchanger 12 through the ports (3) and
(4) of the six-way change-over valve 115.

At this time, the indoor heat exchanger acts as an
evaporator, and thus it takes the endothermic action. Therefore,
the cool air B is discharged to the indoor side by blowing the
air through the indoor fan 13. Since the electromagnetic opening
and closing valve 22 is opened, the refrigerant passing through

the indoor heat exchanger 12 is passed through the
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a val ve housing 101 and a rotational type valve plug 102—and through
rotation of the valve plug 102 in the valve housing 10L, respective ports
(1) to (6) of the six-way change-over valve interconmunicate with one
anot her as shown in Figs. 15 and 16. In this case, thelinlet port (1)
sel ectively intercomunicates - 26 - with one of the two outlet ports

(4) and (6),

the inlet port (2) selectively interconmunicate wit one of the

two outlet ports (6)

- 20 -
electromagnetic opening and closing valve 22 with no resistance,
enters the six-way change-over valve 115, and then is returned
to the accumulator 18 and the compressor 11 through the ports (2)
and (5) of the six-way change-over valve 115.

According to the air conditioner thus constructed, it is
apparent from Figs. 2 and 3 that the refrigerant flows through
each of the indoﬁf heat exchanger 12 and the outdoor heat
exchangér 15 in the same direction both in the room cooling
operation and in the room heating operation. Accordingly, if the
refrigerant flow and the air fléw are set to be mutually
counterflow to each other in both the heat exchangers 12 and 15
as described later, this counterflow relationship can be kept to
be established at all times (i.e., in both thewroom cooling
operation and the heating operation).

In this embodiment, substitute refrigerant such as non-
azeotropic mixture refrigerant formed of refrigerant having high
boiling point and refrigerant having low boiling point is used
as the refrigerant passing in the refrigerant circuit. In the
non-azeotropic mixture refrigerant, the refrigerant having low
boiling point is evaporated prior to the refrigerant having high
boiliﬁg point. Therefore, when the heat exchanger acts as an
evaporator, temperature variation occurs between the inlet and
~outlet sides of the heat exchanger, and the temperature at the
inlet side of the heat exchanger becomes loﬁer than that at the

outlet side. On  the other hand, when the heat exchanger acts as
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and (5), and the inlet port (3) selectively |nterconnunrea%e—uLLh_Qne_gL__
the two outlet ports (4) and (5). Figs. 17 and 18 shomqthe sl.ide type

si x-way change-over valve, which is used in the refrigerant circuit shown
in Figs. 2 and 3, The slide type six-way change-over valve includes a valve
housi ng 100 and a slide type valve plug 106. The val ve plug 106 has |inear
passage portions 106a for allowng the refrigerant to flow linearly, and
the respective ports (1) to (6) interconunicate with one another as shown
in Figs. 17 and 18 by sliding the val ve glug 106 in the val ve housing 100

‘to the rlght and left in Figs. 17 and 18. In this case, the inlet Eort (1)
condenser, the refrigerant having high boiling point is

condensed_prior to the refrigerant having low boiling point, and
the temperature at the inlet side of the heat exchanger becomes
higher than that at the outlet side. When such non-azeotropic
mixture refrigeraﬁt is used, it is efficiently preferable te

- establish the counterflow relationship between the refrigerant
flow and the air flow (water.flow) in the heat exchanger.

Fig. 5 shows a counterflow type heat exchanger, and Fig. 6
shows a parallel-flow type heat exchanger. In the counterflow
type heat exchanger as shown in Fig. 5, refrigerant and eir are
enforced to flow in the opposite directions, that is, the
counterflow relationship is established between the refrigerant
flow and the air flow. On the other hand, in the parallel -flow
type heat exchanger as shown in Fig. 6, refrigerant and air are
enforced to flow in the same (parallel) direction, that is, the
parallel-flow relationship is established between the refrigerant
flow and the eir flow.

Fig. 7 shows a water-type counterflow heat exchanger, and

Fig. 8 shows a water-type parallel-flow heat exchanger. In the
water-type counterflow heat exchanger as shown in Fig. 7,
refrigerant and water are enforced to flow in the opposite
direcrions, that'is, the counterflow relatioeship is established
between the refrigerant flow-and the water flow. On the other
hand, in the water-type parallel-flow heat exchanger as shown in

Fig. 8, refrigerant and water are enforced to flow in the same
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selectively intercommuni cates with one of the two outIeJ_BBFTE‘TﬂT‘and—fﬁé——

the inlet port (2) selectively interconmunicates with one of the two outl et
ports (5) and (6), and the inlet port (3) selectively intercomunicates
with one of the two outlet ports (4) and (5). According'to this enbodinent,
by providing the |inear passage portions 106a to the valve plug 106, there
can be obtained an effect of reducing the resistance of the passage to the
flowdirecting fromthe inlet port (2) to the outlet port (6) in Fig. 17
and to the flow directing fromthe inlet2port (3) to the outlet port (4) in
Fig. 18. -

(parallel) direction, that is, the parallel-flow relationship is
~established between the refrigerant flow énd the water flow.
Figs. 9 to 12 show experimental results when the hater-type heat
exchangers shown in Figs. 7 and 8 were actually used. In this
experiment, refrigerant whose mixing rate of HFC-32/125/134 was
30%/10%/60% was used. |

In this experiment, variation in the temperature difference
between the temperature at the inlet side and the temperature at
the outlet side of the heat exchanger was observed and compared
between the counterflow heat exchanger al;xd the parallel-flow heat
exchanger in a.condensing process under a condition that the
wate: temperature at the inlet was constant, and it was proved
that the temperature difference in the counterfloW'héat exchanger
became greater than that in the parallel-flow heat exchanger as
shown in Fig. 9. This result éhows that the counterflow heat
exchanger has a higher heat-exchange effigiency than the
parallel-flow heat exchanger,

In this experiment, variation'bf the temperature difference
between the temperature at the inlet side and the temperature at
the'outiet side of the heat exchanger was also observed and
compared between the counterflow heat exchanger and the parallel-
flow heat exchanger in an evaporating process under the condition
that the water temperature at the inlet was constant, and it was
proved that the temperature difference in the counterflow heat

exchanger became greater than' that in the parallel-flow heat
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The slide type valve plug 106 shown in Figs. 17 and 18 is- = =
the right and left as follows, For exanple when operation liquid is
supplied froma port (7), the valve plug 106 is slid to the left as shown

in Fig. 17. On the other

port (8),

the valve plug 106 is slid to the right as shown in Fig. 18. In

both the systens, the six-way change-over valve 115 has

- 23 -
exchanger as shown in Fig. 10. This result shows that the
counterflow heat exchanger has also a higher heat-exchange
efficiency than the parallel-flow heat exchanger.

Figs. 11 and 12 are graphs showing a heat transfer rate in
the condensing process and the evaporating process of the
counter-flow heat exchanger and the parallel-flow heat exchanger.
As shown in Fig; 11, it was proved that the heat transfer rate
for the condensing process in the counterflow heat exchanger is
higher than that in the parallel-flow heat exchanger by about
14%. Furthermore, as shown in Fig. 12, it was also proved that
the heat transfer rate for the evaporating process in the
counterfloy heat exchanger is higher than that in the parallel-
flow heat exchanger by about 25%.

' These results are not directly applicable to a fin-tube type
air heat exchanger which is used for a general air conditioner,
however, it is proved that the counterflow relationship is
required'in both the cooling operation and the heating operation
to improve the performance of the system (coefficient of
performance; COP).

According to this embodiment, if the counterflow
relationship as described above is once established for "the
refrigerant flow in the heat exchangefs 12 and 15, unlike a
conventional air conditioner, the refrigerant flow can be
prevented from being reversed through a switching operation of

a four-way valve, that is, the refrigerant flow can be prevented

| t
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the six ports (1) to (6), and the respective ports (l)—+e{6)—are cannected
to the conpressor 11, the indoor heat exchanger 12, 'the pressure reducers
14 and 21 and the outdoor heat exchanger 15. The port nunbers ((1) to (6))
of Figs. 15 to 18 correspond to the port nunbers of fhe si x-way change-over
val ve 115 shown in Figs. 2 and 3, respectively. The present invention is
not limted to the above enbodi nents, and various nodifications my be nade
wi t hout departing fromthe subject natter of the present invention.
According to the air conditioner using-tRd present invention, the
refrigerant flow ng through the indoor heat

from being changed from the counterflow relationship to the

parallel-flow relationship through the switching operation of the
four-way valve, so that the COP representing the performance of
the system can be improved. That is, as shown in the following
table 1, as compared with a conventional system (the heat
exchanger is set to a counterflow type in the cooling operation),
the coefficient of performance in the system of this embodiment
becomes higher, particularly in the heating o_peration beca\ise the

heat exchanger is set to a counterflow type at all times.

TABLE 1
CONVENTIONAL SYSTEM " INVENTED SYSTEM
(COUNTERFLOW AT COOL TIME). (COUNTERFLOW AT HEAT TIME)
. cooL HEAT COOL HEAT
POWER 2.738 4.100 2.730 4.125
{Kw) ’
cop 2.59 3.09 2.59 . 3.17

In the heating operation, the outdoor heét ethanger 15 acts
as an evaporator, and thus frost is liable to be induced at the
inlet portion thereof for the refrigerant.

.However, according to this emquiment; the frosting can be
suppressed by disposing the inlet portion of the heat exghanger
at the lee side. _

Furthermore, this embodiment is also characterized in that

the six-way change-over valve 115 is used as a single-structured
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exchanger ‘and the outdoor heat exchanger is allowed td_LLQMP+ﬁ—%he—saﬁe———
direction in both the cooling operation and the room heating operation with
a sinple construction by providing the six-way change-iover valve in the
refrigerant circuit. The present invention can inprovel the COP,
particularly for an air conditioner using substitute refrigerant such as
non-azeotropic mxture refrigerant which has little effect on ozone | ayer.
- 28 -

- 25 -

change-over valve to construct the system. With this
construction, the system can be designed in a very simple
structure, and the six~-way change-over valve 115 can be easily
controlled because it can be controlled in a similar control
manner to the conventional air conditioner using a four-way
change-over valve. _

Figs. 13 and 14 are diagrams showing a refrigerant circuit
of another embodiment of the air conditioner using the present
invention when the heating'operation is carried out and when the
gooling operation is carried out, respectively. The different
point between the first and second embodiments of the air
conditione;_;esides in the passage structure of the six-way
change-over valve 115, and various modifications mhy be made to'
the passage structure.

For example, as the six-way change-over valve 115 may be
used a rotational type as shown in Figs. 15 and 16, a slide type
as shown in Figs. 17 and 18 or the like.

Figs. 15 and 16 show the rotational type six-way change-over
valve, which is used in the refrigerant circuit show in Figs. 13
and 14. The rotational type six-way change-over valve includes
a valve housing 101 and a rotational type valve plug 102, and
through rotation of the valve plug 102 in the valve housing 101,
respective ports (1) to (6) of the six-way change-over valve
intercommunicate with one another as shown in Figs. 15 and 16.

In this cése, the inlet port (1) selectively intercommunicates
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VWHAT IS CLAIMED IS 1. A refrigeration cycle, conprising;.
an indoor heat exchanger; an expansion device; an outdoor heat exchanger,
and a six-way change-over valve having a refrigerant passage through which
refrigerant flows anong said conpressor, said indoor heat exchanger, said
pressure reducer and -said outdoor heat exchanger, wherein said six-way
change-over val ve serves to selectively switch the refrigerant passage so
t hat the
- 26 -
with one of the two outlet ports (4) and (6), the iniet port (2)
selectively intercommunicate wit one of fhe two outlet ports (6)
and (5), and the inlet port (3) selectively intercommunicate with
oné of the two outlet ports (4) and (5).

Figs. 17 and.18 show the slide typq six-way change-over
~valve, which is used in the refrigeraht circuit shown in Figs.
2 and 3, The slidé type six-way change-over valve includes a
valve housing 100 and a slide type valve plug 106. The valve plug
106 has linear passage portions 106a for allowing the refrigerant
to flow linearly, and the respective ports (1) to (6)
intercommunicate with one another as shown in Figs. 17 and 18 by
sliding the valve plug 106 in the valve housing 100 to the right
and left in Figs. 17 and 18. In this case, the inlet port (1)
selectively intercommunicates with one of the two outlet ports
(4) and (6), the inlet port (2) selectively intercommunicatzs
with one of the two outlet ports (5) and (6), and the inlet port
(3) selectively intercommunicates with one of the two outlet
ports (4) and (5).

According to this embodiment, 5y providing the linear
passage portions 106a to the valve plug 106, there can be
obtained an effect of reducing the resistance of the passage to
the flow directing from the inlet port (2) to fhe outlet port (6)
in Fig. 17 and to the flow directing from the inlet port (3) to
the outlet port (4) in Fig. 18.

The slide type valve plug 106 shown in Figs. 17 and 18 is
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T

refrigerant passing in said indoor and outdoor heat exchagggig_i%9¥§_%ﬂ_the
sane direction at any tine when the refrigerant cycle is swtche 0 —
cool ing operation cycle and when the refrigerant cycle is switched to a _
heati ng operation cycle. 2. The refrigeration cycle as' clainmed in claim
1, wherein said expansion device conprises a first expansion device which
. 1s disposed at an outlet side of said indoor heat exchanger and serves to
pass therethrough the refrigerant supplied fromsaid i ndoor heat exchanger
whil e reducing the pressure of the refrigerant in the heating operation
cycle, and to directly pass therethrough the refrigerant supplied from said
i ndoor heaslid to the right and left as follows, For example when operation
liquid is supplied from a port (7), the valve plug 106 is slid
to the left as shown in Fig. 17. On the other hand, when the
operation liquid is supplied from a port (8), the valve plug 106
is slid to the right as shown in Fig. 18.

In both the systems, the six-way change-over valve 115 has
the six ports (1) to (6), and the respective ports (1) to (6) are
connected to the compressor 11, the indoor heat exchahger 12, the
pressure reducers 14 and 21 and the outdoor heat exchanger 15.
The port numbers ((1) to (6)) of Figs. 15 to 18 correspond to the
port numbers of the six-way change-over valve 115 shown in Figs.

2 and 3, respectively.

The present invention is not 1limited to the above
embodiments, and various modifications may be made without
departing from the subject matter of the present invention.

According to the air conditioner using the present
invention, the refrigerant flowing through the indoor heat
exchanger and the outdoor heat exchanger is allowed to flow in
the same direction in both the cooling operation and the room
heating'operation with a simple construction by providing the
six-way change-over valve in the refrigerant circuit. The present
invention can improve the COP, particularly for an air

conditioner using substitute refrigerant such as non-azeotropic

mixture refrigerant which has little effect on ozone layer.
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exchanger wi thout reducing the pressure of the refrlgerant +ﬂ~Lhﬁ\gggLLﬂg~k“;
operation cycle, and a second expansion _device which is dlsposed at an

outl et side of said outdoor heat er and - 29 - sServes to pass.

t her et hrough the refrigerant supﬂmﬂmm ,H 'Hl&utdoor heat exchanger

whi | e reducing the pressure of t t he cooling operation

cycle, and to directly pass therethrough the r et rigerant supplied fromsaid

out door heat
_28_

WHAT IS CLAIMED IS
1. A refrigeration cycle, comprising:

a compressor; -

an indoor heat exchanger;

an expansion device;

an outdoor heat exchanger, and

a six-way change-over valve having a refrigerant
passage through which refrigerant flows among said compressor,
said indoor heat exchanger, said pressure reducer and said
outdoor heat exchanger, wherein said six-way change-over valve
serves to selectively switch the refrigerant passage so that the
refrigerant passing in said indoor and outdoor heat exchangers
flows in the same direction at any ti@e when the refrigerant
cycle is switched to a cooling operation cycle and when the
refrigerant cycle is switched to a heating operation cycle. |

2. The refrigeration cycle as claimed in claim 1, wherein

said expansion device comprises a first expansion device which .
is disposed at an outlet side of said indoor heat exchanger and
serves to pass therethrough the refrigerant supplied from said
indoor heat exchanger while reducing the pressure of the
refrigerant in the heating operation cycle, and to directly pass
thergthrough the refrigeranf supplied from said indoor heat
exchanger without reducing the pressure of the refrigerant in the
cooling operation cycle, and a second expansion device which is

disposed at an outlet side of said outdoor heat exchanger and
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exchanger w thout reducing the pressur ant ~+n-the-room
heati ng operation cycle. 3. The ref jmg H“ imm I"ﬂigs claimed in claim
2, wherein said six-way change-ov cCOUprases a v aIve housi ng havi ng
three inlet ports of first to thlrd i nl et ports and three'outlet ports of
first to third outlet ports, and a valve plug for selectively connecting
any one inlet port to any one of two outlet ports. 4. The refrigeration
cycle as clainmed in claim3, wherein said six-way change-over val ve has at
| east one refrigerant passage through wht 208the refrigerant flows
substantially
serves to pass therethrough the refrigerant supplied from said
outdoor heat exchanger while reducing the pressure of the
refrigerant in the cooling operation cycle, and to directly pass
therethrough the refrigerant supplied from said outdoor heat
exchanger without reducing the pressure of the refrigerant in the
room heating operation cycle.

3. The refrigeration cycle as claimed in claim 2, wherein
said six-way change-over valve compriées a valve housing having
three inlet ports of first to third inlet ports and three outlet
ports of first to third outlet ports, and a valve plug for
selectively connecting any one inlet port to any one of two
outlet ports.

4. The refrigeration cycle as claimed in claim 3, wherein
said six-way change-over valve has at least one refrigerant
passage through which the refrigerant flows substantially
linearly. |

5. The refrigeration cycle as claimed in claim 3, wherein
said first to third inlet ports are connected to a discharge side
of said compressor, an outlet side of said first pressure
reducing unit and an outlet of said second pressure reducing unit
respectively, and said first to third outlet ports are connected
to an inlet side of said indoor heat exchanger, an suck-in side
of said' compressor and an inlet side of said outdoor heat

exchanger respectively, thereby constituting the refrigerant

cycle.
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linearly. 5.  The refri geratlonuwnlmuﬂ“‘t‘“g\w incl , msal
first to third inlet ports are c #scharge. side of said :
conpressor, an outlet side of said first pressure reducing unit and an
outl et of said second pressure reducing unit respectivéky, and said first
to third outlet ports are connected to an inlet side of said indoor heat
exchanger, an suck-in side of said conpressor and an inlet side of said
out door heat exchanger respectively, thereby constituting the refrigerant
cycl e. - 30_-

6. The refrigeration cycle as claimed in claim 1, further
comprising a defrosting circuit containing an electromagnetic
opening and closing valve which is connected between a discharge
side of said compressor and an inlet side of said outdoor heat

' exchanger.

7. The refrigeration cycle as claimed in claim 2, wherein
said first reducing unit comprises a cag':illary tube and an
electromagnetic opening and closing'valve which is provided in
parallel to said capillary. |
| 8. The refrigeration cycle as claimed in claim 2, wherein
said second reducing unit comprises a capillary tube and an
electromagnetic opening and closing valve which is provided in
parallel to said capillary.

9. The refrigeration cycle as claimed in claim 1, wherein
at least said compressor, said outdoor heat exchanger and said

' six-way change-over valve are accommodated in an outdoor side
unit, and at least said indoor heat exchanger is accommodated in
an indoor side unit. |

10. A refrigeration cycle having a compressor, an outdoor
heat exchanger, an indoor heat exchanger, a first expansion
device which is switchable between a validity state and a non-
validity state for an expansion action, and a second expansion’
device which is switchable between a validity state and a non-

validity state for an expansion action, comprising:

a six-way change-over valve which is provided with six
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- 30 - 6. ‘The refrlgeratlon ) n claim l—further
conprising a defrosting circui t U@aﬂ [“E"@D!‘lect romagneti ¢ openi ng and
cl osi ng val ve which is connecte arge side of said
conpressor and an inlet side of said outdoor heat exchanger. 7. The
refrigeration cycle as claimed in claim2, wherein said first reducing unit
conprises a capillary tube and an electronagnetlc openi ng and cl osi ng val ve

whi-ch is provided in
- 31 -

ports from a first port to a sixth port, and can be selectively
set to either a first state where said first port and said fourth
port are allowed to intercommunicate with each ofher, said second
port and said sik;h port are allowed to intercommunicate with
each other and said third port and said fifth port are allowed
to inte;communicate with each other, or a second state where said
first port and said sixth port are allowed to intercommunicate
with each other, said second port and said fifth port are allowed
to intercommunicate with each other, and said third port and said
fourth port are allowed to intercommunicated with each other;

a first refrigerant pipe for connecting a discharge
port of said compressor to said first port of said valve;

a second refrigerant pipe for connecting -a suck-ip port-
of said compressor to said fifth port of said valve;

a third refrigerant pipe for connecting an inlet port
of said outdoor heat exchanger to said fourth port of said valve;

a fifth refrigerant pipe for connecting an outlet port
of said outdoor heat exchanger through said first expansion
device.to said second port of said valve;

a sixth refrigerant pipe for connecting an inlet port
of said indoor heat exchanger to said sixth'port of said valve;
and

a seventh refrigerant pipe for connecting an outlet
port of said indoor heat exchanger through said second expansion

device to said third port of said valve, wherein said six-way
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paraIIeI to said caplllar : The refrlnuration'ayb|e

claim?2, wherein said second r educi “wmum
an electronagnetlc openi ng and cl os

as—claimed—mm—
ﬂmuﬁm a capillary tube and
s provided in parallel )

to said capillary. 9. The refrlgeratlon cyéle as*clainmed in claim1,

wherei n at

| east said conpressor, said outdoor heat exchanger and sai d

si x-way change-over valve are acconmpdated in an outdoor side unit, and at
"l east said indoor heat exchanger is accommobdated in an indoor side unit.
10. A refrigeration cycle having a conptesgokr, an outdoor

change-over wvalve is kept to the first state by setting said
first expansion device to the validity state and setting said
second expansion device to the non-validity state when a cooling
operation is performed by said indoor heat exchanger, and kept
to the second state by setting said first expansion device to the
non-validity state and setting said second expansion device to
the validity state ‘when a heating operation is performed by
indoor heat exchanger.

11. A refrigeration cycle having a compressor, an outdoor
heat exchanger, an indoor heat exchanger, a first expansion
device which is switchable between a validity state and a non-
validity sFate for an expansion action, and a second expansion
device which is switchable between a validity state and a non-
validity state for an expansion action, comprising:

a six-way éhange—over valve which is provided with sik
ports from a first port to a sixth port, and can be selectively
set to either a first state where said first port and said sixth

port are allowed to intercommunicate with each other, said second

port and said fifth port are allowed to intercommunicate with

each other and said third port and said fourth port are allowed
to intercommunicate with each other, or a second state where said

first port and said fourth port are allowed to intercommunicate

‘with each other, said second port and said sixth port are allowed

to intercommunicate with each other, and said third port and said

fifth port are allowed to intercommunicated with each other;

‘mmmmemmmmmmsma
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heat exchanger, an indoor heat exchanger, ‘a first expansiom device whith is—

swi t chabl e between a validi tmeﬂ “" val idirty state for an

expansi on action, and a secon Hmu@l ﬂ"'umuk which is swtchable between
a validity state and a non- validi‘ty‘sthtesfor an expansion action, .
conprising: a six-way change-over valve which is provided with six - 31

- ports froma first port to a sixth port, and can be sel ectively
- 33 -

a first refrigerant pipe for connecting a discharge
port'of said compressor to said first port of said valve;

a second refrigerant pipe for connecting a suck-in port
of said compressor to said fifth port of said valve;

a third refrigerant pipe for connecting an inlet port
of said outdoor heat exchanger to said fourth port of said valve;

a fifth refrigerant pipe for connecting an outlet port
of said outdoor heat exchanger through said first expansion
device to said second port of said valve;

a sixth refrigerant pipe for connecting an inlet port
of said indoor heat exchanger to said sixth port of said valve;
-and

a seventh refrigerant pipe for connecfing an outlet
port of said indoor heat exchanger through said second expansion
device to said third port of said valve, wherein ssid six-way
change-over valve is kept to the first state by setting said
first expansion device to the validity state and setting said
second expansion device to the.non—validity state when a cooling
operation is ﬁerformed by said indoor heat exchanger, and kept
to the second state by setting said first expansion device to the
non-validity statg and setting said second expansion device to
the validity state when a heating operation is performed by

indoor heat exchanger.
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set to either a first state where said first port and said fourth port are
allowed to intercomunicate with each other, said second port and said
sixth port are allowed to intercommunicate with each other and said third
port and said fifth port are allowed to interconmunicate with each other,

or a second state where said first port and said sixth port are allowed to
i ntercommuni cate with each other, said sedond port and said fifth port are
allowed to intercomuni cate with each other, and said third port and said
fourth port are allowed to interconmunicated with each other; a first
refrigerant pipe for connecting a discF@1qE;po1t of said conpressor to said
first port of said valve; .

placement sheet
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a second refrigerant pipe for connecting a suck-in port of Said conpresser——
to said fifth port of said valve; a third refrigerant pipe for connecting

an inlet port of said outdoor heat exchanger to said fourth port of said
valve; a fifth refrigerant pipe for connecting an outlet port of said

out door heat exchanger through said first expansion device to said second
port of said valve; a sixth refrigerant pipe for connecting an inlet port
of said indoor heat exchanger to said six port of said valve; and a
seventh refrigerant pipe for connecting an outl et

FIG.2
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port of said indoor heat exchanger through said second exg | device to
said third port of said valve, wherein said six-way 32. change- ove alve
is kept to the first state by setting said first expansion device to the
validity state and setting said second expansion device to the non-validity
state when a cooling operation is performed by said i ndoor heat exchanger,
~and kept to the second state by setting sajg first expansion device to the

FIG. 3
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H

non-validity state and setting said second expansion device to the validity |
state when a heating operation is perforned by indoor heat ' exchanger. 11. A
refrigeration cycle having a conpressor, an outdoor heat exchanger, an

i ndoor heat exchanger, a first expansion deyice which is sw tchabl e between

a validity state and a non- validity state r an expansi action, and a
'second expansi on device which is sw’}__g_h_a_b_l_e___t%v \{y-state and a
non- validity state for an expansionf acti on, CORg. ng: Si X=way

change-over valve which is provided with six po[¥s fro Ft port to a
sixth port, and can be selectively « & ©
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set to either a first state where said first port and said sixth port are

allowed to intercommuni cate with each other, said second port and said
fifth port are allowed to intercomrunicate with each other and said third
port and said fourth port are allowed to intercomunicate with each other,
or a second state where said first port and said fourth port are allowed to
i nt er communi cate with each other, said secooi port and said sixth port are
allowed to intercommuni cate with each other, and said third port and said
fifth port are allowed to intercommunicated with each other;

FIG.5
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- 33 - afirst refrigerant pipe for connecting a di scharge port—oef—said____
conpressor to said first port of said valve; a second refrigerant pipe for
connecting a suck-in port of said conpressor to said fifth port of said
valve; a third refrigerant pipe for connecting an inlet port of said

out door heat exchanger to said fourth port of said valve; a fifth
refrigerant pipe for connecting an outl et rt of said outdoor heat
exchanger through said first expansion device to said second port of said

o FIG. T
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a sixth refrigerant pipe for connecting an inlet port of said i ndoor heat
exchanger to said sixth port of said valve; and a sevent'’h refrigerant pipe
for connecting an outlet port of said indoor heat excharlger through said
second expansion device to said third port of said valve, wherein said

si x-way change-over valve is kept to the ftzzt state by setting said first
expansi on device to the validity state and tting said second expansion
device to the non-validity state when a cooling operation is perforned by
sai d i ndoor heat exchanger, and kept to the second state by setting said

first expansion device to the F:I (; S;
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non-validity state and setting said second expansi on devi Cé To the vatidity
state when a heating operation is perfornmed by indoor heat exchanger.

8
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REFRIGERATION CYCLE USING SIX-WAY CHANGE-OVER VALVE

ABSTRACT OF THE DISCLOSURE

A refrigeration cycle including a compressor, an indoor heat
exchanger, an expansion, an outdoor heat exchanger and a six-way
change-over valve having a refrigerant passage through which
refrigerant flows in a refrigerant cirduit comprising the
compressor, the indoor heat exchanger, the expansion and the
outdoor heat exchanger, wherein the six-way change-over valve
serves to selectiyeiy switcﬁ the refrigerant passage so that the
refrigerant passing in the indoor and outdoor heat exchangers
flows in the same direction at any time when the refrigerant
cycle is switched to a cooling operation cycle and to a heating

operation cycle.
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REFRIGERATION CYCLE USING SIX-WAY CHANGE-OVER VALVE

ABSTRACT OF THE DISCLOSURE

)

A refrigeration cycle including a compressor’, an indoor heat
\@\; device (112.120), (45)
exchangery~ an expansion¥, an outdoor heat exchang and a six-way
(445
change-over valveVﬁav1ng a refrigerant passage through which
refrigerant flows in a refrigerant circuit comprising the
k%/_, ' {12) Dl vite (410, '1'20)
compresso the 1ndoor heat exchange ;he expansion Yand the
outdoor heat exchanéh?"whereln the six- way change-over valve (11¢)
serves to selectively switch the refrigerant passage SO that the

refrigerant passing in ‘the lndoor and outdoor heat exchangers

—_

flows in the same dlrectlon at any time when the refrigerant
cycle is switched to_a cooling operation cycle and to a heating

operation cycle.



