REFRI GERATI NG CYCLE BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present
refrigerant

invqntion relatées to a refrigerating cycle using-a mxture
whi'ch is obtained by m.xing plural refrigerants having

different charadteristics. 2. Description of Related Art In general, a

conventi onal

refrigerant circui-t of an air conditioner is constructed of a

plurality of elements such as a conpressor, a condenser, a
pressure-reduci ng device (expansion device), an evaporator and the |iKke,
whi ch are connected with each othet through;a refrigerant tube to forma
| oop. A gaseous refrigerant of the air conditioner is conpressed by the
conpressor and circul ated thr ougBrRPGERRTENEEEPPLECI rCUit. Such gaseous

refrigerant

thus circulated through the refrigerant
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a refrigerating cycle using
a mixture’ refrigerant which is obtained by mixing plural
refrigerants having different characteristics.
2. Deécription of Related Art

In general, a conventional refrigerant circuit of an air
conditioner is constructed of a plurality of elements such as a
compressor, a condenser, a pressure-reducing device (expahsion
device), an evaporator and the like, which are connected with
each other through a refrigerant tube to form a loop. A gaseous
refrigerant 6f the éir conditionér is compressed by the
compressor and circulated through the refrigerant circuit. Such
gaseous refrigerant thus circulated ‘through the.refrigerant
circuit is kept to be within a predetermined pressure rangé. When
the gaseous refrigerant is excessivély compressed to allow its
pressure to go beyond the above predetermined pressure range, the
compressor suffers an overload, or the refrigerant circuit is.
damaged or suffers leakage of the refrigerant around joint
portions of the refrigerant circuit. In order to avoid these
troubles, various attempts have been hitherto madé to prevent the
refrigerant from being excessively compréssed in the refrigerant
circuit. |

In the conventional refrigerant circuit, occurrence of



circuit is kept to be wwthin a predeterm ned pressure range. \Wen the
gasedus refrigerant is excessively conpressed to allowits pressure to go
beyond the above predeternined pressure range, the conpressor suffers an
overload, or the refrigerant circuit is damaged or suffers | eakage of the
refrigerant around joint portions of the refrigerant circuit. In order to
avoi d these troubles, various attenpts have been hitherto nade to prevent
the refrigerant from being excessively conpressed in the refrigerant
circuit. In the conventional refrigerant circuit, occurrence of - 2-
excessive pressure of the refrigerant is nodtty due to rapid

excessive pressure of the refrigerant is mostly due to rapid
fluctuation in load and an outside air temperature because a flon
ref;igerant is used in the prior art and it is sensitive to these
factors, that is, the factors of inducing the excessive pressure
of the refrigerant is mostly based on extrinsic factors.

Recently, in order to prevent destruction of a sq-called
ozone layer, as disclosed in Japanese Patent Laid-Open Patent
Application No. Sho-54-2561 for example, there is known an air_
conditioner using a mixture refrigerant which is prepared from
at least two refrigerant cémponents without using any troublesome
refrigerant, the refrigerant components being free from chloride
and being mixed with each other to provide predetermined
refrigerant pfoperties. In this mixture refrigerant, these
refrigerant components have different physical characteristics,
such as boiling points or condensation pressure. |

In the air conditioner using such mixture refrigerant, the
condensation pressure of the refrigerant in the refrigerant
circuit” is wvaried due to change in mixture ratio of the
refrigerant components of the mixture refrigerant. Accordingly,
in order to keep the air conditioner in a safety condition, it
is necessary to keep the mixture ratio of the mixture
refrigerant at a fixed value.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a

refrigerating cycle using a mixture refrigerant formed of at



fluctuation in | oad and an outside air tenperature because a flon
refrigerant is used in the prior art and it is sensitive to these factors,
that is, the factors of inducing the excessive pressure of the refrigerant
is nostly based on extrinsic factors. Recently, in order to prevent
destruction of a so-called ozone |ayer, as disclosed in Japanese Patent
Lai d- Qpen Patent Application No. Sho-54-2561 for exanple, there is known an
air conditioner using a mxture refrigerant which is prepared from at |east
two refrigerant conmponents w thout using any troubl esone refrigerant, the
refrigerant conponents being free fromchlorjde and being mxed with each

other to provide predetermned refrigerant properties. In this mxture
refrigerant, leddwese ﬁﬁkf'geiéﬁiiﬁggﬂﬂgentsc &ifd er ey Al és'cahlff rent
characteristics, such as boiling points or ensati on press ﬁ

air conditi orratamttg:ﬁﬁt:@ Xt ewheEhi gﬂﬂ@mmlxttliﬁ‘e refrigerant can be
prevented from being abnormally compressed when it circulates
through a refrigerant'cireuit of the refrigerating cycle.

In order to attain the above object, according to a first
aspect of the present invention, a refrigerating cycle in which
mixture refrigerant consisting of plural refrigerants having
different characteristics are circulated and which includes a
refrigerant circuit comprising at least a compressor, a
condenser, a pressure-reducing device and an evaporator, the
mixture refrigerant being circulated through an operation of the
compressor, comprises detection means for detectlng a -physical
status of the mixture refrigerant circulating in the refrigerant
circuit, stock means, disposed in said refrigerant circuit, for
stocking 1iquef1ed refrigerant in the refrigerant circuit,
refrigerant supply means for suppling the liquefied refrigerant
stocked in the stock means to a predetermined place in the
refrigefant circuit at which the pressure of the mixture
refrigerant circulating in the refrigerant circuit is reduced,
flow amount adjusting means for adjusting the amount of the
liquefied refrigerant passing through the refrigerant supply
means, and control means for controlling the flow amount
adjusting means on the basis of the'physical status of the
mixture refrigerant which is detected by the detection means,

wherein the flow amount of the liquefied refrigerant passing



condensat.i on pressure of -the refrigerant in the refrigerant circuit is
vari éd due to change in mxture ratio of the refrigerant conponents of the
m xture refrigerant. Accordingly, in order to keep the air conditioner in a
‘safety condition, it is necessary to keep the m xture ratio of the

m xture refrigerant at a fixed value. SUMVARY OF THE INVENTION It is an

obj ect of the present invention to provide a refrigerating cycle using a

m xture refrigerant formed of at -3- |l east t wo refrigerant
conponent s havi ng different charactegistics, in which the mxture
refrigerant can be ' :

through the refrigerant supply means is controlled on the basis
of the physical statﬁs detected by the detection means so that
the physical status of the mixture refrigerant circulating in the
refrigerant circuit is converged to a predetermined range.

According to the refrigerating cycle of the first aspect of
the present invention, some of plural refrigerants having
different characteristics are mainly liquefied and stocked in the
stock means in accordance with the pﬁysical status of the mixture
refrigerant. Accordingly, the liquefied refrigerant stocked in
the stock means is returned to a low-pressure portion of the
refrigerant circuit in accordance with the physical status of the
refrigerant which is detected by the detection means. When the
liquefied refrigerant is returned as described above, the
detection means detects the physical status of the mixture
refrigerant in the refrigerant circuit, and controls the flow
amount adjustment means on the basis of the detected physical
status. With this operation, the mixture refrigerant circulating
in the refrigerant circuit can be converted into a predetermihed
range, so that the mixture refrigerant circulating in the
refrigerant circuit can be prevented from being kept at an
abnormally high pressure.

When the mixture refrigerant is formed of at least R-32
(difluoromethane) and R-125 (pentafluorocethane), the pressure in
the refrigerant circuit is more liable to be excessively high,

and thus the present invention is more effectively applicable.



prevented.from bei ng abnormal |y conpressed when it circulates through a
refrigerant circuit of the refrigerating cycle. In order to attain the
above object, according to a first aspect of the present invention, a
refrigerating cycle in which m xture refrigerant consisting of plura
refrigerants having different characteristics are circul ated and which

I ncludes a refrigerant circuit conprising at |east a conpressor, a
condenser, a pressure-reducing device and an evaporator, the m xture
refrigerant being circul ated through an qpqiagion of the conpressor,
conprises detection nmeans for detecting a physical status of the m xture

refrigerant ci rCUhﬁéh”&xb&n&h?nrlﬁééﬁgeié‘”&?&& rﬁ# teté’érteéiﬁ&gregrﬁg’%ﬁ %d?lﬁx%scigxg

in said refrigerant circuit, tor stocking [1que

refrigerant meang)tthéelig@esesd SePPlyerBRPsid Fetitild NG W 'eaetdnt
refrigerant stocked in the stock neans to a predeterm ned place in the
circuit in such a state that it is liable to be vaporized.

A temperature deteétor'may be used as the detection means
if a condensation temperature is detected as the physical
quantity of the mixture refrigeranf, and thus the construction
can be more simplified. |

If the gas-liquid separating means is disposed at the
suction side of the compressor to perform gas-liquid separation
of the liquefied refrigerant supplied from the stock means,
liquid compression by the compressor can be prevented.

Further, if the air flow amount of the fan of the condenéer
is increased oﬁ the basis of the condensation temperature and the
control by the fan is performed, the physical variation of the
refrigerant state un@er operation of the refrigerating cycle (air
conditioner) can be rapidly and surely converged into the
predetermined range.

If the physical quantity af the mixture refrigerant which
is detected by the detection means is the temperature of the
mixture refrigerant which exists in a low pressure state, the
physical state of the refrigerant circuit can be most effectively
grasped.

If the amount of the liqﬁefied refrigerant flowing in the
refrigerant supply means is controlled to increase when the

temperature of the low-pressure side of the refrigerant circuit



refrigerant circuit at which the pressure of the m xture refrigerant
circulating in the refrigerant circuit is reduced, flow anmount adjusting
means for adjusting the amount of the liquefied refrigerant passing through
the refrigerant supply neans, and control neans for controlling the flow
anount adjusting neans on the basis of the physical status of the m xture
refrigerant which is detected by the detection neans, wherein the flow
anount of the liquefied refrigerant passing -4- through the refrigerant
supply means is controlled on the basis of the physical status detected by
the detection neans so that the physical $tatus of the mixture refrigerant

circulating in the . :
is lower than a predetermined temperature, the abnormal increase

of pressure can be suppressed .by a simple temperature
measurement. |

When the variation gradient of the flow amount of the
mixture refrigerant flowing in the refrigerant supply means
continues to exceed a predetermined value for a predetermined
time or more, the refrigerant may leak from the refrigerant
circuit. In this case, the protecting means performs its
protection operation for safety to thereby perform a safety
operation. As the protection operation, the driving of the

. compressor may be stopped for safety. The protecting means may
be achieved by increasing the amount of the liquefied refrigerant
flowing in the-refrigerant supply means.

According to a second aspect of the present invention, a
refrigerating cycle in which mixture refrigerant consisting of
plural refrigerants having different characteristics as
compositions are circulated and which includes a .refrigerant
circuit comprising at least a compressor, a condenser, a
pressure-reciucing device and an evaporator, the mixture
refrigerant being circulated through an operation of the
compressor, comprises detection means for detecting a physical
status of the mixture refrigerant circulating in the refrigerant
circuit, stock means, disposed in the refrigerant circuit, for
stocking liquefied refrigerant which is changed from the mixture

refrigerant to a liquid phase in the refrigerant circuit,



refrigerant circuit is converged to a predeterm ned range. According to the
refrigerating cycle of the first aspect of the present invention, sonme of
plural refrigerants having different characteristics are mainly |liquefied
and stocked in the stock neans in accordance with the physical status of
the mxture refrigerant. Accordingly, the liquefied refrigerant stocked in
the stock neans is returned to a | ow pressure portion of the refrigerant
circuit in accordance with the physical status of the refrigerant which is
detected by the detection neans. Wien the liquefied refrigerant is returned
as descri bed above, the detection neans €delects the physical status of the
m xture refrigerant in the refrigerant circuit, and controls the flow
anount adj usefehgemsatis reciricalbiing ofearise £t ececiirphlating st dd@uefjed,
this operation, the mxture refrigerant circulating in the refrigerant
circuit canrBérigaventedtanked pReddecrtoRly means into the refrigerant

circuit, and control means for confrolling the refrigerant
recirculating meéns on the basis.of the physical status of the
mixture refrigerént which is detected by the detection means,
wherein the recirculation of the liquefied refrigerant into the
refrigerant circuit is controlled on the basis of the physical
status detected by the detection means so that the physical
status of the mixture refrigerant circulating in the refrigerant
circuit is converged to a predetermined range.

According to the refrigerating cycle of the second aspect
of the present invention, in accordance with the physical state
of the mixture-refrigerant detected by the detection means, the
liquefied refrigerant stocked in the stock means is returned to
any pléce in the refrigerant circuit and recirculated therein
irrespective of a low-pressure place or high-pressure place. When
the liguefied refrigerant is returned as described above, the
detection means detects the physical status of the mixture
refrigerant in the refrigerant circuit, and returns the
refrigefant on the basis of tﬁe detected physical status, whereby
the mixture refrigerant circulating in the refrigerant circuit
can be converged into the predetermined range. Therefore, the
mixture refrigerant circulating in the refrigerant circuit can
be prevented from increasing abnormally.

When the mixture refrigerant is formed of at least R-32



range, so.that the mxture refrigerant circulating in the refrigerant
circuit can be prevented from bei ng kept at .an abnormally high pressure.
When the m xture refrigerant is forned of at |east R-32 (difluoronethane)
and R-125 (pentafl uoroethane), the pressure in the refrigerant circuit is
more |liable to be excessively high, and thus the present invention is nore
effectively applicable. -5- Wien expansion neans is used for the flow
anount adjusting neans, the liquefied refrigerant is returned to the
refrigerant circuit in such a state that it is liable to be vaporized. A
tenperature detector nmay be used as the-detecti on neans -

(difluoromethane) and R-125 (pentafluoroethéne), the pressure in
the refrigerant circuit is more liable to be excessively high,
and thus the present invention is more effectively applicable.

If the refrigerant recirculating means is designed to ggide
the liquefied refrigerant stocked in the stock means to the
necked portion (diameter-reduced portion) of the gas-liquid
separating means, the pressure of the refrigerant at the necked
portion is reduced, so that the refrigerant stocked in the liquid
‘reservoir can be surely returned to the refrigerant circuit with
no driving forbe. Ih addition, if the pressure-reducing portion
is desighed to have a smaller diameter, the constructiog can be
more simplified.

" BRIEF bESCRIPTION OF THE DRAWINGS

Fig. 1 is a refrigerant circuit diagram of an air
conditioner of an embodiment of the present invention
(refrigerating cycle);

Fig. 2 is a longitudinal sectional view of a liquid

- reservoir used in the refrigerant circuit shown in Fig. 1;

Fig. 3 is a graph illustrating the relationship between the
temperature of the refrigerant and the outside air temperature;

Fig. 4 is a flowchart graphically representing a control
process according to a first control process in the air
conditioner of the present invention; _

Fig. 5 is é flowchart graphically representing a control

procéss according to a second control process in the air



I f a condensation tenperature is detected as the physical quantity of the
mxture refrigerant, and thus the construction can be nore sinplified. If
the gas-liquid separating neans is disposed at the suction side of the
conpressor to performgas-1liquid separation of the liquefied refrigerant
supplied fromthe stock -means, |iquid conpression by the conpressor can be
prevented. Further, if the air flow anount of the fan of the condenser is

i ncreased on the basis of the condensation tenperature and the control by
the fan is perforned, the physical variatign of the refrigerant state under
operation of the refrigerating cycle (aif conditioner) can be rapidly and

he m xt ur 6 A e o R BeRaglT! 4Oy R0 det ect i on moans 18 the

tenperature of th8g, 6 is a flowchart graphically representing a control

| process according to a third control process in the air
conditioner of the present invention:

Fig. 7 is a flowchart graphically representing a control
process according to a fourth control process in the air
conditioner of the present invention;

Fig. 8 is a flowchart graphically representing a control
process according to a fifth control process in the air
conditioner of the present invention;

Fig. 9 is a cross-sectional view of an essential part of a
second embodiment of the present invention:;

Fig. 10 ié a cross~-sectional view showing a third embodiment
of the présent invention;

Fig. 11 is a control circuit diagram of the air conditioner
of the preseﬁt invention; and

Fig. 12 is a perspective view of the air conditioner of the
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
hereunder described in detail with reference to the accompanying
drawings.

Fig. 12 is a perspective view of a domestic air conditioner
using a refrigerating cycle according to an embodiment of the

present invention. This type of air conditioner comprises an user



m xture refrigerant which exists in a |ow pressure state, the physical
state of the refrigerant circuit can be nost effectively grasped. If the
amount of the liquefied refrigerant flowing in the refrigerant supply neans
is controlled to increase when the tenperature of the | ow pressure side of
the refrigerant circuit -6- is lower than a predeterm ned tenperature,

t he abnor nal
measur enent .
refrigerant

I ncrease of pressure can be suppressed by a sinple tenperature
When the variation gradient of the flow anobunt of the m xture
flowng in the refrigerant squhy_neans

side unit "A" disposed inside a room (i.e., indoor unit "A") and
a heat-source side unit "B" disposed outside the room (i.g.,
outdoor unit "B"”), which are connected to each other through a
refrigerant tube 300.

Fig. 1 is a refrigerant circuit diagram of an air
conditioner according to a first embodiment of the present
invention. A mixture refrigerant circulating through the
réfrigerant circuit will be first described prior to description
of the refrigerant circuit itself.

As a refrigerant is used a mixture refrigerant containing
at least refrigerant components which are different in
characteristic such as boiling point, condensation pressure or
the like. In other words, the mixture refrigerant may be of
two-component system, three-component system or four-component
system.

As a mixture refrigerant of three-component system is used
R-407 which is formed by mixing 52 wt.%¥ of R-134a
(tetrafluorocethane), 25 wt.$ of R-125 (pentéfluoroethane) and 23
wt.¥% of R-32 (difludroethane). In general, the boiling point of
R-134a is equal to -26 °C, that of R-125 is equal to -48 °C and
that of R~32 is equal to -52 °C. In this mixing ratio, the
boiling point and condensation pressure of the mixture
refrigerant are kept to -43.9°C and 18.66 bars, respectively.
In the thus-prepared'mixture refrigerant, R-32 and R-125 which

are lower in boiling point than R-134a are readily evaporated



continues to exceed a predeterm ned value for a predetermned tine or nore,
the refrigerant may |l eak fromthe refrigerant circuit. In this case, the
protecting neans perfornms its protection operation for safety to thereby
‘performa safety operation. As the protection operation, the driving of the
conpressor may be stopped for safety. The protecting nmeans may be achieved
by increasing the anount of the liquefied refrigerant flowng in the
refrigerant supply nmeans. According to a second aspect of the present
invention, a refrigerating cycle in which mxture refrigerant consisting of
plural refrigerants having different -characteristics as conpositions
are circulated and which includes a refrigerant circuit conprising at | east
a conpr essor ataacooae ispe A s s ang- thdsc Rrj3deviendsntb aremadapdmatldguid
the m xture refrigerant being circulated through an operation of the
phase. When a specified one (R-134a) _of the refrigerant
components in the mixture refrigerant remains in liquid phase
in the refrigerant circuit, the mixing ratio of the mixture
refrigerant circulating in the refrigerant circuit varies
considerably, so that it is difficult for the refrigerating cycle
to sufficiently achieve its initially expected refrigerating
effect.

Particularly, when the content of the R-134a (i.e., the
refrigerant component having high boiling. point) in the
refrigerant circuit decreases, the gas pressure of the low
boiling refrigerant components increases in the refrigerant
circuit, so ‘that an excessive pressure may ‘occur in the
refrigerant circuit.

In case of the mixture refrigerant of two-component system,
As the mixture refrigerant is used R-410A or R-410B. R-410A is
formed by mixing 50 wt.% of R-32 and 50 wt.% of R-125, and it
has a boiling point of -52.2 °C, a dew point of -52.2 °C and a
condensation pressure of 27.30 bars. R-410B is formed by mixing
45 wt. % of R-32 and 55 wt. % of R-125, and it has the similar
characteristic to R-410A.

Now, comparing the mixture refrigerant having the above
composition with a conventional single refrigerant such as

HCFC-22 under predetermined conditions, the following result was

obtained: the discharge temperature of the compressor under a



conpressor,

conpri ses detection nmeans for detecting a physical status of

the mxture refrigerant circulating in the refrigerant- circuit, stock
nmeans, disposed in the refrigerant circuit, for stocking |iquefied
refrigerant which is changed fromthe mixture refrigerant to a |liquid phase
in the refrigerant circuit, -7- refrigerant recirculating neans for
recirculating a liquefied refrigerant stocked in the stock neans into the
refrigerant circuit, and control neans for controlling the refrigerant
recircul ating neans on the basis of the ph{sical status of the m xture

refrigerant which is detected by the detec

£on neans, wherein the

i tion of e.liquefied refrigerant into the
recircul a iéh céhgf [ g

specified ition was equal to 66 °C for HCFC-22 and to 73.6
°C for R-140A; the condensation pressure was equal to 17.35 bars
for HCFC-22 and to 27.30 bars for R-140A; and, the evaporation
pressure is equal.to 6.76 bars for HCFC-22 and to 10.86 bars for
R-410A. Consequently, through the entire refrigerant circuit,
the mixture refrigerapt (i.e., R-410A) is higher in both
temperature and pressure than the conventional single
refrigerant (i.e., HCFC-22). |

Furthermore, in a case -where a mixture refrigerant
containing R-410A and R-410B is used, the refrigerant
composition of the mixture refrigerant little vary because there
is substantially no difference in boiling point between these
refrigerant cdhponents of the mixture refrigerant; so that it is
unnecessary to consider a problem which would be caused by
temperature glide due to variation in composition of the
refrigerant.

Next, the refrigerant circuit of the air conditioner shown
in Fig. 1 will be described.

The refrigerantlcircuit of the air conditioner shown in Fig.
1 includes a compressor 1, a four-way valve 2, an indoor heat.
exchanger 3, an expansion device (electro-magnetic valve) as a
pressure-reducing device 4, an outdoor heat exchanger 5, and
an accumulator 6, which are connected to one another through a

refrigerant tube.

In accordance with a switching position of the four-way



refrigerant circuit is controlled on the basis of the physical status

det ected by the detection neans so that the physical status of the m xture
refrigerant circulating in the refrigerant circuit is converged to a
predeterm ned range. According to the refrigerating cycle of the second
aspect of the present invention, in accordance with the physical state of
the m xture refrigerant detected by the detection neans, the |iquefied
refrigerant stocked in the stock neans is returned to any place in the
refrigerant circuit and recircul ated thereijj irrespective of a | ow pressure
pl ace or high-pressure place. Wen the liquefied refrigerant is returned as

described abeedvet bnddeine GpedinHalosiele Gperddtdd Y Gile ERidtErdinddifetic
m xture refrigerant in the refrigerant circuit, and returns the refrigerant

on the basi sveflivehet detbet etigdutsioral oSt Flew oherhly fdErigedatit which is
refrigerant circulating in the refrigerant circuit
.discharged from the compressor 1 into the refrigerating circuit
is selectively determined as indicated by one of an arrow of
solid line (cooling cycle), an arrow of dotted line (heating
cycle) and an arrow with a black dot (defrosting cycle). In the
cooling cycle, the heat exchanger 5 disposed at the outdoor side
of the circuit serves as a éondenser while the heat exchanger 3
at the indoor side of the circuit serves as an evaporator. In the
heating cycle, the indoor heat exchanger 3 serves as a condenser
While the outdoor heat exchanger 5 serves as an evaporator. In.
the defrosting cycle (during the heating operation), the
electromagnetic valve lp is opened if occasion demands, and a
part of the high-temperature refrigerant discharged from the
compressor 1 is guided to the outdoor heat exchanger 5 to
increase the temperature of outdoor heat exchanger 5. With this
operation, the temperature of the outdoor heat exchanger 5 is
increased. When the defrosting operation does sufficiently work,
(e.x. when the outside air temperature is extremely low) or when
frosting progresses heavily, the progress of the frosting is
suppressed by performing a reverse-cycle defrosting operation
which is indicated by an arrow of solid line.
Fig. 11 shows a control circuit of the air conditioner of
the present invention. The control circuit shown in Fig. 11 is

divided into two control circuits with a one-dotted chain line



can be converged into the predeterm ned range. Therefore, the m xture
refriigerant circulating in the refrigerant circuit can be prevented from

i ncreasing abnormal ly. Wien the mixture refrigerant is formed of at | east
R- 32 -8- (difluoronethane) and R-125 (pentafl uoroethane), the pressure
in the refrigerant circuit is nore |iable to be excessively high, and thus
the present invention is nore effectively applicable. If the refrigerant
recirculating nmeans is designed to guide the liquefied refrigerant stocked
in the stock neans to the necked portion_(gjaneter-reduced portion) of the
gas-liquid separating neans, the pressure of the refrigerant at the necked

at the center thereof. One circuit at the left side of Fig. 11
is a control circuit for an indoor side unit "A" (see Fig. 1),
and the other circuit at the right.side'of Fig. 11 is a control
circuit for an outdoor side unit "B". Both the circuits are
connected to each other through power lines 100 and a control
line 200.

The indoor side unit A is provided with a rectifier circuit
i11, a power supply circuit 112 for motors, a power supply
circuit 113 for control, a motor driving circuit 115, a switch

board 117, a receiver circuit 118a, a display board 118, and
a flap motor 119.

The rectifier circuit 111 rectifies and smooths an AC
voltage (100 Qolts) supplied through a plug 1l10a. The power
supply circuit 112 for motors adjusts a DC voltage which is
supplied through the motor driving circuit 115 to a DC fan motor
116 to produce a voltage of 10 to 36 volts. The motor driving
circuit 115 controls a supply timing of power supplied to a
stator winding of the DC fan motor 116 in accordance with a
signal transmitted from a microcomputer 114 to thereby control
air to be blown out into a room to be air-conditioned.

The power Supply circuit 113 for control produces a DC
voltage of 5 volts which is supplied tb the microcomputer 114.
On the other hand, the motor drifing circuit 115 controls a
switching timing of a power supply to the stator winding of the

DC fan motor 116 in response to a signal supplied from the



portion i.,s reduced, so that the refrigerant stocked in the liquid reservoir
can be surely returned to the refrigerant circuit with no driving force. In
addition, if the pressure-reducing portion is designed to have a snaller

di ameter, the construction can be nore sinplified. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a refrigerant circuit diagramof an air conditioner of

an enbodinent of the present I nvention (refrigerating cycle); Fig. 2
is a longitudinal sectional view of a liquid reservoir used in the
refrigerant circuit shown in Fig. 1; Figg.134s a graph illustrating the

rel ationship between the tenperature of the refrigerant and the outside air
t enper at ur enidFgromputen fldowther t gigpblchélngrbpsed con | higfarmatiorolof a
process according to a first control process in the air
rotational position of the DC fan motor 116. The switch board 117
is fixedly mounted on an operation panel of the indoor side unit
A. The switch board 117 is providedlwith an on/off switch, a
trial-operafion switch, etc. Switch states of these elements
are taken in by the microcomputer 114 through a key scanning
operation. The receiver circuit 18a receives a remote-control
signal (which 1is, for example, an on/off signal, a
. cooling/heating switching signal, a room-temperature setting
signal or the iike) supplied from a wireless remote controller
160, then demodulated and transmitted to the microcomputer 114.
The display board 118 dfnamically turns on an LED on the basis
of the signai from the microcomputer 114 to display an operation
status of the air conditioner. On the other hand, the flap motor
119 is adjusted in the indoor heat exchanger 7, and functions so
as to move a flap for altering a blow-out direction of air which
s blow out from the fan.

Furtper, the control circuit is further provided with a
room-temperature sensor 120 for measuring a room temperature, a
heat-exdhanger temperature sensor 121 for measuring a

'temperature of the indoor heat exchanger, and a humidity sensor
122 for measuring a room humidity. The thus measured values in
these sensors are subjected to an analog-to-digital (A/D)

- conversion and then supplied to the microcomputer 114. The

microcomputer 114 carries out a calculation on the basis of these



.conditioner of the present invention; - Fig. 5is a flowhart graphically
repreésenting a control process according to a second control process in the
air  -9- conditioner of the present invention; Fig. 6 is a flowhart
graphically representing a control process according to. . a third control
process in the air conditioner of the present invention; Fig. 7 is a
flowchart graphically representing a control process according to a fourth
control process in the air conditioner of the present invention; Fig. 8 is
a flowchart graphically representing a.fcggr:ﬂ
input information (take-in information) to transmit a control
signal to the outdoor unit B through a serial circuit 123 and a
terminal board V3 to set a driving capacity (éower) of the four-
way valve and the compressor 1. Both a triac 126 and a heater
relay 127 are controlled by the microcomputer 114 through a
driver 124 to stepwise control electric power to be supplied to
a re- heating heater 125 used in a drying cycle (a state of the
refrigerating cycle which is used for the cooling operation) of
the air conditioner.

Reference numeral 130 represents an external ROM which
stores therein specific data representing the type and
characteristics of the air conditioner. These specific data are
taken out from the external ROM immediately after the plug 110
is connected to a plug socket and power is supplied to cause the
microcomputer 114 to rise up. The microcomputer 114 performs
neither the input of commands from the wireless remote controller
160 nor its detecting operation of the state of ON/OFF switch or
the trial-driving switch (its operation will be described later)
until the specific data has been completely taken out from the
external ROM.

Next, the control circuit of the outdoor unit B will be
described with reference to Fig. 11.

In the outdoor unit B, terminal boards V'l, V'2 and V'3 are

connected with terminal boards V1, V2 and V3 of the indoor unit

a, respectively. In Fig. 11, reference numeral 131 represents a



process according to a fifth -control process in the air conditioner of the
present invention; Fig. 9 is a cross-sectional view of an essential part of
a second enbodi ment. of the present invention; Fig. 10 is a cross-sectional
view showing a third enbodi nrent of the present invention; Fig. 11 is a
control circuit diagramof the air conditioner of the present invention;
and Fig. 12 is a perspective view of the air conditioner of the enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Preferred enbodi mnents of the present invention will be hereunder described
in detail with reference to the acconpanyi drawings. Fig. 12 is a

perspective W%EWS%Brawﬂggﬁﬂfézc'Hhé%%@@tfénggfallel to the terminal boards

V'l, V'2; reference nuﬁeral 132, a noise filter; reference
numeral 134, a reactor; reference numeral 135, a voltage doubler
rectifying circuit; and reference numeral 136, a noise filter.
Further, in Fig. 11, reference numeral 139 represents a
serial circuit for dispersing the control signal supplied from
the indoor unit through the terminal board V'3 from the power
line, and the dispersed signal is transmitted to ‘the
microéomputer 141. Reference numeral 140 represents a éurrent
detector, and it serves to detect the current supplied to the
outdoor unit B through current transformation (C.T.) and convert
the current to a signal for the micrdcomputer 141. Reference
numeral 142 répresents a constant power circuit for producing a
operating power of the microcomputer 141, reference numeral 138
represents a three-phase inverter circuit for controlling the
power supplied to the compressor 1 on the basis of the control:
signal from the microcomputer 141 to adjust the driving capacity
(power) of the compressor 1. The three-phase inverter circuit 138
has six power transistors which are connected in the form of a
three-phase bridge. Reference numeral 143 represents a motor
portion for driving the compressor 1 of the refrigerating cycle,
and reference numeral 144 represents a discharge side temperature
sensor for detecting the temperature of the refrigerant
discharged from the compressor 1. Reference numeral 145

represents a fan motor which is disposed so as to blow out air



using a refrigerating cycle according to an enbodi ment of the present

I nvention. This type of air conditioner conprises an user -10- side unit
"A" disposed inside a room (i:e., indoor unit "A") and a heat-source side
unit "B" disposed outside the room(i.e., outdoor unit "B"), which are
connected to each other through a refrigerant tube 300. Fig. 1.is a
refrigerant circuit diagramof an air conditioner according to a first
enbodi ment of the present invention. A mxture refrigerant circulating
through the refrigerant circuit will be fiirst described prior to
description of the refrigerant circuit itd8

to the outdoor heat exchanger and whose speed is controlled at
three stages (levels). As described above, the four-way change-
over valve 3 and the electromagnetic valve 10 are designed to
switch the refrigerant path of the refrigerating cycle.

Further, an outside temperature sensor for detecting the
outside temperature is provided to the outdoor unit B so as to
be adjacent to .an air inlet port, and a heat exchanger
temperature sensor 149 for detecting the temperature of <the
outdoor heat exchanger is secured to the outdoor heat exchahger.
The detection values obtained by these temperature sensors 148
and 149 are subjected to the A/D conversion and supplied into the
microcomputer 141.

Further, reference numeral 150 represents an external ROM
which is similar in function to the external ROM 130 of the
indoor unit A. Specific data on the outdoor unit B are the same
as those of the external ROM 130, and stored in the ROM 150.
Reference character F represents a fuse used in each control
circuit of the outdoor unit B and the indoor unit A.

Each of the microcomputers 114, 141 (i.e., control devices)
is designed so that a ROM in which programs are beforehand
stored, a RAM in which reference data are stored and a CPU for
operating the programs are contained in the same housing ("Intel
87C196MC (MCS-96 series) produced by Intel Corporation, or the
like may be used).

Next, returning to Fig. 1, the construction of each



As a refrigerant is used a mxture.refrigerant containing at |east
refrigerant conmponents which are different in characteristic such as

boi I'ing point, condensation pressure or the li-ke. In other words, the

m xture refrigerant may be of two-conponent system three-conponent system
or four-conmponent system As a mxture refrigerant of three-conponent
systemis used R-407 which is formed by mxing 52 w.% of R-134a
(tetrafl uoroethane), 25 w.% of R-125 (pentafl uoroethane) and 23 wt. % of
R-32 (difluoroethane). In general, the boiling point of R 134a is equal to
-26 [err], that of R 125 is equal to -48 [egg] .and that of R-32 is equal to
-52 [err]. In this mxing ratio, the boiling point and condensati on

pressure of thefFigedantrirtget apll Bl Be kédict hed hewdiibA 8. 66 bars,

respectively. In the thus-prepared m xture refrigerant, R-32 and R-125

which Each of the indoor heat exchanger 3 and the outdoor heat
exchanger 5 is provided with fans 3a, 5a .to perform a heat
exchange operation between an outside air or indoor air and the
refrigeranf. Both the fans 3a, 5a are designed so that the
respective air flow rates are variable, and for example, in
response to a signal from the control'unif.ZI, each of the fans
3a, 5a changes its air flow rate to any one of three stages
(i.e., a low rate, a middle rate, and a high rate).

In the cooling cycle, the four-way valve 2 permits the
refrigerant to flow in the direction of the arrows indicated by
solid lines as shown in Fig. 1 while in the heating cycle it
permits the réfrigerant to flow in the directioﬁ of the arrows
indicated in dotted lines as shown in Fig. 1. By switching the
four-way valve 2 in the manner as described above, the flow path
of the refrigerant can be switched between the cooling cycle and
the heating cycle.

A liquid reservoir 14 is disposed between the accumulator
6 and the four-way valve 2. As shown in Fig. 2, in the liquid
reservoir 14, an upper portion of a reservoir body 15 is
connected to a refrigerant inlet tube 16, and a lower portion of
the body 15 is connected to a liquid outlet tube 17 for
discharging liquefied stocked refrigerant from a bottom portion
of the reservoir body 15. Further, a gas outlet tube 18 extending

upwardly is connected to the reservoir 14, and the tube end of



are lower.in boiling point than R-134a are readily evaporated at a room

t enpérat ur e,

and thus R-134a tends to remain in |liquid phase. Wen a

specified one (R-134a) of the refrigerant conponents in the mxture

refrigerant

remains in liquid phase in the refrigerant circuit, the

m xing ratio of the mxture refrigerant circulating in the refrigerant
circuit varies considerably, so that it is difficult for the refrigerating
cycle to sufficiently achieve its initially expected refrigerating effect.

Particul arly,

when the content of the R-1343,.(i.e., the refrigerant

component having high boiling point) Tnaphé refrigerant circuit
decreases, tNgngagad'SPSIEE Qlbd 1B 18"disposed to face the refrigerant inlet

tube 16 through a gas-liquid separator plate 19. In the liquid
reservoir 14 thus constructed, the gaseous refrigerant is guided
into the accumulator 6 and the liquefied refrigerant stocked in
the liquid reservoir 14 is discharged from fhe reservoir 14
through the liquid éutlet tube 17.

The liquid outlet tube 17 is connected to a liquefied
refrigerant return circuit 20 for returning the liquefied
refrigerant to the accumulator 6 through a control valve 13 and
a capillary tube 12.

The control valve 13 uses a step motor to adjust its opening
degree. The step motor varies its rotational angle in accordance
with a pulsé signal from the control device 21, and its
rotational angle is contfolled to vary over 256 steps in response
to the pulse signal from a control unit 21.

The control device 21 includes the microcomputers 114, 141
shown in Fig. 11 as described above, and it controls the entire
refrigerant circuit. The accumulator 6 is substantially the same
as that of the liquid reservoir 14, as will be seen also in Fig.
g9 which illustrates a second embodiment of the present
invention. Namely, as is clear from Fig. 9, the accumulator 6 is
constructed by an accumulator body 29, a liquid outlet tube 31,
and a gas-liquid separatdr plate 33, and the gaseous refrigerant
stocked in the accumulator 6 is guided from the‘gas outlet tube

31 and then supplied to a suction side of the compressor 1



boiling refrigerant conponents increases in the refrigerant circuit, so

t hat "an excessive pressure may occur in the refrigerant circuit. In case of
the m xture refrigerant of two-conponent system As the m xture refrigerant
is used R-410A or R-410B. R 410A is formed by mxing 50 wt. % of R-32 and 50
w.%of R 125, and it has a boiling point of -52.2 [err], a dew point of
-52.2 [err] and a condensation pressure of 27.30 bars. R 410B is forned by
mxing 45 wt. * of R-32 and 55 wt. * of R-125, and it has the simlar
characteristic to R-410A. Now, conparing_the oixture refrigerant having the
above conposition with a conventional single refrigerant such as HCFC 22

under predet ehpbugl €hediiqedd, chbtet Othmi HP, result was obtained: the
di scharge tenperature of the conpressor under a

On the other hand, as described above, the refrigerant
circuit is provided with the temperature sensors (detectors) and
the mixture ratio detector at proper positions to obtain the
detection signals, and these detection signals are supplied to
the control device 21. In this embodiment, temperature detectors
or sensors Tl, T2 are disposed to detect the respective
refrigerant temperature at the outlet sides of the outdoor heat
exchanger 5 and the indoor heat exchanger 3 respectively when
each of the heat exchangers 3, 5 serves as a condenser.

Further, a teméerature detector or sensor T3 for detecting
the refrigerant temperature is disposed at the discharge side of
the compressor 1, and another temperature detector or sensor T4
for detecting the refrigerant temperature is disposed at a
low-pressure side between the four-way valve 2 and the indoor
heat exchanger 3. These detection signals are input to the
control unit 21. In the refrigerating cycle of the present
invention, by detecting the refrigerant temperature by means of
these temperature detectors or sensors Tl and T2, abnormality of
the mixture ratio of the mixture refrigerant and or abnormally
high pressure in the refrigerant circuit are indirectly detected.
Furthermore, the temperature detectors Tl, T2 are disposed at
both the outlet sides of these heat exchangers 3, 5 because they
are matched to the detection of the refrigerant temperature for

both the cooling and heating cycles.



.- 12 - specified condition was equal to 66 [err] for HCFC-22 and to 73.6

[err]- for

R- 140A; the condensation pressure was equal to 17.35 bars for

HCFC-22 and to 27.30 bars for R-140A; and, the evaporation pressure is
equal to 6.76 bars for HCFC-22 and to 10.86 bars for R 410A. Consequently,
through the entire refrigerant circuit, the mxture refrigerant (i.e.,
R-410A) is higher in both tenperature and pressure than the conventi onal
single refrigerant (i.e., HCFC-22). Furthernore, in a case where a m xture
refrigerant containing R 410A and R-410B is used, the refrigerant
conposition of the mxture refrigerant |ittd% vary because there is
substantially no difference in boiling point between these

Further, a mixture Tatio detector Wl is disposed between

the four-way valve 2 and the compressor 1 to directly detect a
mixture fatio of the mixture refrigerant circulating through'the
refrigerant circuit, and supplies its detection signal to the
control device 21. A temperature detecfor Ta for detecting the
outside temperature is provided to the outdoor heat exchanger 5
side, and its detection signal is input to the control device 21.
Upon receiving thése detection signals from the temperature
sensors of detectors T1, T2, T3 and T4, the control device 21
makes a comparison between these values of the detection signals
and that of the outside air temperature detected by the outside
air temperature sensor or detector Ta for calculation, and judges
whether the fefrigerant temperature is above a predetermined
temperature. The reason why the refrigerant temperature is
compared with the outside air temperature as described above is
in that it is difficult to judge it only on the basis of the
refrigerant temperature whether the refrigerant is excessively
compressed (i.e., under excessively high pressure) because the
refrigerant temperature is sensitive to the outside air
temperature as is apparent from Fig. 3. When the refrigerant
temﬁerature is above the predetermined temperature, in order to
prevent the refrigerant from being excessively compressed in the
refrigerant circuit, a predetermined number of pulses to open
the control valve 13 are output to increase the opening degree

of the control valve 13. Likewise, upon receiving the detection .



refrigerant conponents of the mxture refrigerant; so that it is
unnecessary to consider a problemwhich woul d be caused by tenperature
~glide due to variation in conposition of the refri.gerant. Next, the
‘refrigerant circuit of the air conditioner shown in Fig. 1 will be
described. The refrigerant circuit of the air conditioner shown in Fig. 1

i ncludes a conpressor 1, a four-way valve 2, an indoor heat exchanger 3, an
expansi on device (el ectromagnetic valve) as a pressure-reduci ng device 4,

an out door

heat exchanger 5, and an accunul ator 6, which are connected to

one anot her through a refrigerant tube. |In-aggordance with a swtching
position of the four-way

signal from the mixture ratio detector Wl, the control device
21 starts a necessary calculation processing on the detection
signal, and supplies the control valve 13 with a singlé pulse
to open the control valve 13 or a single pulse to close the
control valve so that the mixing ratio of the high boiling point
refrigerant is constant, if necessary.

The refrigerant mixing ratio detector includes a sound
velocity measﬁring device for measuring the sound velocity of
liquefied mixture refrigerant in the refrigerant circuit, a
thermometer for 'measufing the température of the mixture
refrigerant, and a pressure gauge for measuring the pressure of
the mixture refrigerant, thereby surely ﬁeasuring the
concentration of the refrigerant. The measuriﬁg method of the
mixing ratio of the mixture refrigerant is not limited to this
method, and it may be made on the basis of variation of physical
properties such as specific gravity, evaporation temperature or
the 1like of the refrigerant. The mixing ratio detector is
described in detail in Japanese Patent Application No. Hei-7-
304298.

The mixing ratio detector contains a microcomputer in which
data representing the relationship among velocity, temperature
and pressure are programmed, and upon input of measurement values
of velocity, temperature and pressure of the mixture refrigerant,
it performs calcu;ation processing to display the concentration

(composition ratio) of the mixture refrigerant on a display unit



- 13 - valve and an openi ng/cl osing operation of the el ectromagnetic val ve
4, the direction of flow of the refrigerant which is discharged fromthe
conpressor 1 into the refrigerating circuit is selectively determ ned as

i ndi cated by one of an arrow of solid line (cooling cycle), an arrow of
dotted line (heating-cycle) and an arrow with a black dot (defrosting
cycle). In the cooling cycle, the heat exchanger 5 disposed at the outdoor
side of the circuit serves as a condenser while the heat exchanger 3 at the
i ndoor side of the circuit serves as an evagporator. In the heating cycle,

t he i ndoor heat exchanger 3 serves as a cofidenser while the outdoor heat

exchanger S sfHY83s8SsaBpeyapALS! BétalEotgﬁedﬁ%%f.’ééé)ﬂ%regflf?idur' ng the

g operation), the electronmagnetic valve 'S opened 1T occasion

demands, and a As for detection signals supplied from the temperature
sensors or detectors T1, T2, T3, T4 énd from the mixture ratio
detector Wl, all of theses detectiofx signals are not necessarily
used in the refrigerating cycle of the présent invention. As w:".__l'l
be clarified in the following description on the control process
of the refrigerating cycle, a necessary one or two of the
detection signals may be used to confrol the control valve 13.

A control method will be described according to the
following control process.

In the refrigerant circuit shown in Fig. 1, in the cooling
cycle, the four-way valve 2 shown in Fig. 1 is located at such
an operationél position as indicated by the solid line, and the
refrigerant is circulated through the compressor 1, the outdoor
heat exchanger 5, the pressure-reducing device 4, the indoor
heat exchanger 3, the four-way valve 2, the liquid reservoir 14
and the accumulator 6 in thié order. On the other hand, during
the heating cycle, the four-way valve 2 is located at such an
operational position as indicated by a broken line of Fig. 1, and
the refrigerant is circulated through the compressor 1, the
indoor heat exchanger 3, the pressure-reducing device 4, the
outdoor heat exchanger 5, the four-way valve 2, the liquid
reservoir 14 and the accumulator 6 in this order.

In the liquid reservoir 14, the mixture refrigerant is

separated into gas and liquid phases so that the liquefied



part of the high-tenperature refrigerant discharged fromthe conpressor 1

Is guided to the outdoor heat exchanger 5 to increase the tenperature of
outdoor heat exchanger. 5. Wth this operation, the tenperature of the

out door heat exchanger 5 is increased. Wen the defrosting operation does
sufficiently work, (e.x. when the outside air tenperature is extrenely |ow)
or when frosting progresses heavily, the progress of the frosting is
suppressed by performng a reverse-cycle defrosting operation which is

i ndi cated by an arrow of solid line. Figr 23 shows. a control circuit of the
air conditioner of the present invention. The control circuit shown in Fig.
11 is divi deBixreset Refgdgerantciiscustacked hag die deettem cRErtiPpnof the

reservoir 14 while the gaseous mixture refrigerant is supplied
to the accumulator 6 through the gas outlet tube 18.
Consequently, only the liquefied mixture refrigerant is stocked
in the liduid reservoir 14. Therefore, the refrigerant having a
higher boiling point is mainly stocked in the liquid reservoir
14 as the liquefied refrigerant because the low boiling-point
refrigerant component tends to evaporate from the reservoir 14.

On the other hand, in the refrigerant circuit, since the
higher boiling-point refrigerant component tends to be liquefied
earlier than the lower boiling-point refrigerant component in the
heat exchangers 3, 5, there is a case where the mixing ratio of
the mixture réfrigerant varies. The variation in the mixing ratio
may often ihduce abnormally high pressure in the refrigerant
circuit. Therefore, in order to prevent such abnormally elevated
pressure in the circuit, the following control processing is
performed.

In order to clarify the description, in the following
descriptlon the reference characters representing the respective
temperature sensors or detectors and the mixture ratio detector
are also used to denote the detection signals supplied therefrom.
For example, the reference character T1 also denotes a
temperature value detected by the temperature sensor or detector
Tl.

(CONTROL PROCESS 1)



- 14 - at. the center thereof. One circuit at the left side of Fig. 11 is a
control circuit for an indoor side unit "A" (see Fig. 1), and the other
circuit at the right side of Fig. 11 is a control circuit for an outdoor
side unit "B". Both the circuits are connected to each other through power
lines 100 and a control |ine 200. The indoor side unit Ais provided with a
rectifier circuit 111, a power supply circuit 112 for notors, a power
supply circuit 113 for control, a notor driving circuit 115, a switch board
117, a receiver circuit 118a, a display board 118, and a flap notor 119.
The rectifier circuit 111 rectifies and sipdPhs an AC vol tage (100 volts)

PP e v, an! okhO3n TG PUS idiPPle CGEREL T hE0l8hs RS, the
control device 21 judges in a step S1 whether a predetermined
period of time elapses. If the predétermined period of time is
judged to have elapsed, the process goes to step S2 to start
receptioﬁ of a mixing ratio detection signal. The predetermined
period of time as mentioned above is a time required to stabilize
the state of the refrigerant in the refrigerant cifcuit, and it
is set to 30 seconds, 1 minute or the like.

In the step S2, the detection signal from the mixing ratio
detector Wl is received to ~measure the mixing ratio of the
refrigerant, and then the process goes to step S3.

In the step S3, it is judged whether or not the thus
determined mixing ratio of the high boiling-point refrigerant
compopent is lower than a predetermined value a. If the mixing
ratio is lower than the predétermined value a, the process goes
to step S4 to output a single valve-opening pulse to the control
valve 13 so that the control valve 13 is opened by a prescribed
opening- degree in accordance with the measurement value. In the
step S4, by opening the control valve 13, the supply amount of
the high boiling-point refrigerant stocked in the 1liquid
reservoir 14 which is supplied through the capillary 12 and the
accumulator 6 to the suction port (low pressure side) of the
compressor 1 is increased, whereby the mixing ratio of the
mixture refrigerant circulating through the refrigerant circuit

is kept to a predetermined value. Consequently, the abnormally



supplied through the notor driving circuit 115 to a DC fan notor 116 to
produce a voltage of 10 to 36 volts. The nmotor driving circuit 115 controls
a supply timng of power supplied to a stator w nding of the DC fan notor
116 in accordance with a signal transnmtted froma mcroconputer 114 to
thereby control air to be blown out into a roomto be air-conditioned. The
power supply circuit 113 for control produces a DC voltage of 5 volts which
is supplied to the mcroconputer 114. On the other hand, the notor driving
circuit 115 controls a sw tching tining‘o?7a‘pomer supply to the stator

w Qg' g of Hgn et 0 410 T LS RANRS ] 13 E19idled" PResEd-L" OF RS
refrigerant due to the variation of the mixing ratio of the
refrigerant can be prevented. Furthermore, the optimum mixing
ratio of the mixture refrigerant can be kept and the high driving
efficiency and’ 'fhe stability of the refrigerant can be
maintained. Thereafter, the process goes to the return step.

In the step S3, if the mixing ratio Wl detected by the
mixing ratio detector w1.is not lower than the predetermined
value a, the process goes to step S5 to judge whether the mixing
ratio Wl is higher than a predefermined value B. If the mixing
ratio Wl is higher than the predetermined value B, the process
goes to step S6 to output a single valve-closing pulse to the
control unit 21 to close the control valve 13. If the mixing
ratio Wl is not higher than the predetermined value B, the
process goes to the return step and thus to the start step shown
in Fig. 4. The predetermined values a and B are set as a
permissible range to prevent chattering of the control valve 13.
In order to prevent occurrence of such chattering, the mixing
ratio detector Wl may be provided with a predetermined
insensitive area.

(CONTROL PROCESS 2)

In a flowchart shown in Fig. 5, when the control process
starts, in a step Sl1 it is judged whether a predetermined periocd
of time elapses. 1f the predetermined period of time has elapsed,

the process goes to step S12 to start the reception of the



m croconputer 114, the si gnal bei ng based on information of a rotational
posi‘tion of the DC fan notor 116. The switch board 117 is fixedly nounted
on an operation panel of the indoor side unit A The switch board 117 is
provided with an on/off switch, a trial-operation "switch, etc. Switch
states of these elenents are taken in by the mcroconputer 114 through a
key scanni ng operation. The receiver circuit 18a receives a renote-control
si gnal (which is, for exanple, an on/off signal, a
cool i ng/ heati ng switching signal, a roo#8tenperature setting signal or
the like) supplied froma wireless renpte_controller 1%0, hhen denﬁgulat d
$1lBoaFge

and transni P18EPg FatHe detestdrRuedanais. InEne) R 1B IERAT ¢
i Spi ay an Bier SERSFHSLR; BLaakhe Th r ondi THoHE FeRFSPRE orey JATEEtHe
flap motor 442,12, 80451, TH2 0F LREOSLe 1SR s SAE00Fnd  n&lE! datiidigdiss SO
| 5, 3 serving as the condensers) is started, and then the process
goes to step S13. . )

On the other hand,'in the step S13, if the detection
_temperature Tl or T2 is higher than a predetermined temperature
Te, it is judged that the mixing ratio of the refrigerant
circulating through the refrigerant. circuit exceeds the
predetermined value, and thus the process goes to step S14.

In the step S14, the control valve 13 is opened by a
predetermined opening degree (a predetermined number of valve-
opening pulses are supplied) to return the high boiling-point
refrigerant stocked in the liquid reservoir 14 to the accumulator
6. . like the control process 1. As described above, the
opening/closing ratio of the control valve 13 is corrected on the
basis of the mixing ratio of the refrigerant which is estimated
through the temperature of the outlet side of the condenser,
whereby éhe mixing ratio of the mixture refrigerant circulating
through the refrigerant circuit can be simply and surely
controlled. Thereafter, the process goes to the return step.

On the other hand, in the step S13, if the detected
temperature Tl or T2 is not higher than the predetermined
temperature Te, the process goes to step S15 to judge whether the

detected temperatures Tl and T2 are lower than a predetermined



as to nove a flap for altering a blowout direction of air wh C@ﬂ% prow—

out fromthe fan. Further, the control circuit is further proyi %ﬂ%ﬁﬁﬁ%SBEENf
roomtenperature sensor 120 for neasuring a room tenperature, PLACED

heat - exchanger tenperature sensor 121 for neasuring a tenperature of the

i ndoor heat exchanger, and a humidity sensor 122 for neasuring a roof——
humidity. The thus measured values in these sensors ar @hiSstest Bn kAL

anal og-to-digital (A/D) conversion and then supplied to

ter
me,'rhese
- 16 - input information (take-ln i nformati’on) to transm I '

114. The m croconputer 114 carries out a calgulation on
temperature Tb. :

In the stép Sls,.if the detected temperatures Tl and T2 are
lower than the predetermined temperature Tb, ' the process goes
to step S16 to close the control valve like the control process
1. If the detected temperatures Tl, T2 are not lower than the
predetermined temperature Tb, the process goes to the return
step.

(CONTROL PROCESS 3)

In the control process 3 shown in Fig. 6, like the control
processes 1 and 2, the abnormally high pressure in the
refrigerant circuit is judged from the steps S21 to S23 on the
basis of the judgment as to whether the value of the detection
signal in the temperature detector Tl or T2 is higher than the
predetermined temperature Ta. If the abnormally high pressure in
the refrigerant circuit is judged, the process goes to step S24.

In the step S24, it is judged whether the fan 5a (or the fan
3a during the heating cycle) of the cdndenser 5 (which is the
outdoor-heat exchanger 5 during the cooling cycle, and the indoor
heat exchanger 3 during the_heéting cycle) is controlled to be
driven once. If they are still not driven, the process goes to
step S25 to drive the fan 5a.

In the step S25, by driving the fan 5a of the condenser 5,
the cooling efficiency of the condenser 5 is improved, and
liquefaction of the refrigerant is promoted to thereby suppress

the high pressure of the refrigerant circuit.



signal to the outdoor unit B through a serial circuit 123"

board V3 to set a driving capacity (power) of the four- wayi V&llyEHERHHARSBEEN _.

conpressor 1—Bottra Triac 126 and a heater relay 127 are dgpntr olRE8ABED he

to be supplied g heater 125 used in a drying cycle (a state
of the refriger; ch is used for the cooling operation) of the
air conditioner. erence nuneral 130 represents an external ROM which
stores therein specific data represent+n80the type and characteristics of
the air conditioner. These specific data are taken out fromthe external
ROM i medi at el yIafthisttenprol dperdtianmfoctte tfang phey §hekErand Baser
is supplied to cause the m croconputer_114 to rise up, The m'c&gncégngut gL
114 per f or heenealready irivamnt the Eannithds fustheRcdriven st 3 pSPee

controll er

m croconput er fishnéd0HasBEEn i’ﬁF‘ver 124 to stepwi se control €rectric power

in the step S25. For example, in a case where the fan 5a is
driven at the three stages of low, middle and high speeds, the
fan 5a, if currently opefating at the low speed, is driven at the
middle or high speed. When the indoor heat exchanger 3 serves as
the condenser during the heating cycle, the fan 3a is driven at
the low or middle speed when the fan 3a is still not driven.'
In step S26, it is judged whether a predetermined period of
time elapses after the driving control of the fan. If the
predetermined period of time elapsed, the process returns to the
step S23 to judge whether the value of fhe detection signal in
the temperéfure detector Tl or T2 1is higher than the
predetermined temperature Ta again. That is, it is Jjudged
whether the abnormally high pressure of the refrigerant circuit
has been feduced under the fan driving control of the step 825.
When it is judged that the abnormally high pressure still remains
in the refrigerant circuit, the process goes to step S24. In this
case, if ;he fan has been driven once, the process goes to step
827 to éontrol the control valve 13 to be opened like the control
processes 1 and 2.
As described above, in the refrigerating cycle of the
present invention, the two-stage control operation is-conducted
on the fans 3a and 5a and the control valve 13 for the following

reason. The increase of the refrigerant temperature is not



160 nor its detectlng operation of the state of OV OFF smntﬂ
~driving. SMLtch_LLLs_gpeLaLLon w Il be described | ater

specific data has g@ke dy taken out fromthe extern
C|r oor unit B wll be described with reference
[ ' ?EH mz& , termnal boards V1, V2 and V' 3 are
connect ed Mﬁth t Vl V2 and V3 of the |ndoor unit a,

tridl~

the control
to Fig.

unti RekD&cen

respectively. In Flg. 11, reference nuneral 131 represents a - 17 -
vari stor which is connected in parallel- 33 t-he termnal boards V' 1, V 2;
reference nuneral 132, a noise filter; reference

necessarily based on the variation in the mixing ratio of the
refrigerant, and thus some increase of the refrigerant
temperature can be suppressed by the fans 3a, 5a of the
condenser. Further, when fhe fans 3a, 5a fail to decrease the
fefrigerant temperature, the high pressure in the refrigerant
circuit is controlled.

In the step $23, if the valﬁe of the detection signal Tl or
T2 of the temperature detector Tl or T2 is not larger than the
predetermined temperature Ta, the process goes to steps S28 and
S29 to perform the saﬁe control as the steps S15 and S16 of the
control process 2.

( CONTROL PﬁOCESS 4)

As shown in Fig. 7, the control process 4 is substantially
similar to the control ptocess 2 shown in Fig. 5, and it is
different from the control process 2 in that the temperature of
the temperature detector T4 at the low-pressure side of the
refrigerant circuit is detected instead of the temperature
detectors T1l, T2. That is, in a step S32, a detected temperature
signal T; from the temperature detector T4 disposed at the
low-pressure side of the refrigerant is received, and in step S33
it is judged whether the temperature T4 ;s higher than a
predetermined value Tc. If in step S33 it is judged that T4 is
higher than Tc, the process goes to step S34 to open the control

valve 13 and refurn the high boiling-point refrigerant

component stocked in the 1liquid reservoir 14 to the low-

hTRfs $M8:T HAS BEEN




numeral 134, a reactor; reference numeral 135, a vol t age dou

circuit; and reference nuneral 136, a noise filter. Further,

I N Fipges :
,’gﬁi ED

ref erence numeral-139—represents a serial circuit for di spersing =
contr ol signal§Hp§k&qgsﬁ&ﬁnxmhaiindoor unit through the terminal board V 3

fromthe power [
m cr oconput er 14mm
it serves to dete ent supplied to the outdoor unit B through

current transformation (C. T.) and convert the current to a signal for the
m croconput er 141. Reference numeral 142-r¥presents a constant power

circuit for producing a operating power of the mcroc

[ t
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numer al
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spersed signal is transmtted to the
meral 140 represents a current detector, and

r 141_.reference

power supplied to the conpressor 1 on the basis of .the contr i gn f
the microcofRiti 41 the adpdEioerant: 17 n§stipatefy o0 W' Badig"Ye TERD

temperature at the low-pressure side of the refrigerant circuit,
and the opening/closihg ratio of the control valve 13 is
controlled on the basis of the thus estimated mixing ratio of the
refrigerant, whereby the abnormally high pressure can be
prevented from being produced in the refrigerant circuit through
a simple temperature measurement. If T4 is lower than a
predetermined value Td in step S33, the process goes to step S36
close the control valve 13.

(CONTROL PROCESS 5)

As shown in the steps S41 to S44 and the steps S48 and S49
of Fig. 8, -in the control process 5, the abnormally high
pressure of the refrigerant circuit is judged on the basis of the
detection temperature T4 to control the opening and closing
operation of the control valve 13 1like the control process 4
shown in Fig. 7.

Thé control process 5 is characterized by a series of steps

' S45, S46 and S47. Namely, after the control valve 13 is opened

in the step S44, in step S45 a variation gradient M of the
opening degree df the control valve 13 is detected, and then it
is judged whether the variation gradient M (a period at which the
valve-opening pulse is output) exceeds a predetermined fixed
value Mo.

In the step S46, it is judged whether the variation



(power) -of the conmpressor 1. The three-phase inverter ci rcﬁij’"ﬁ?ﬁ haé“§i3>8’:EN
power' transi stors which are connected in the formof a thre phas & 957§,

Ref erence nuneral 143 represents a notor portion for driving the conpressor

1 of the refruglap and reference nuneral 144 represents a .
di scharge side %gp&{msm@m @)r for detecting the tenperature of the
refrigerant dis e conpressor 1. Reference nuneral 145
represents a fan disposed so as to blow out air to the
out door heat exc ose speed is controlled at three stages

(level s). As descri bed above t he four-wa %hange- over valve 3 and the

et LOMROnel] Gy o OcBhe. HSELOEY | QS CnkeeLiba AN B Negl the
predetermined time. If the variation gradient M continues to
exceed MO for the predetermined time, for example, 30 seconds,
the process goes' to step S47 to perform a protection operation.
In other fnords, ‘when the predetermined period of time has
elapsed while the variation gradient M of the opening degree of
the control valve 13 (the period at which the valve-opening pulse
is output) exceeds the fixed value Mo, it is estimated that
refrigerant leaks from the refrigerant circuit. Consequently, in
this case, the control device 21 performs the protection
operation to stop the operation of the compressor 1 for example,_
and thus stop the operation of the refrigerant circuit for
safety. In addition; the control device 21 gives an alarm for
inspection of the refrigerant circuit at the same time. The
protection operation may be performed by putting the control
valve 13 in a fully opened condition.

Here, the opening and closing operation of the control valve
13 will ‘-be described in association with the entire operafion of
the air conditioner.

In the heating cycle, when the outside air temperature is
low, the operation is performed while the control valve 13 is
fully' opened for a predetermined period of time in order to
perform a high-efficiency operation. In the defrosting cycle, the
operation is performed while the control valve 1 is fully closed

in order to shorten the defrosting time. Furthermore, when the



Further, .an outside tenperature sensor for detecting the outside
tenperature is provided to the outdoor unit B so as to be adjacent to an
air inlet port, and a heat exchanger tenperature sensor 149 for detecting
the tenperature of the outdoor heat exchanger is secured to the outdoor
heat exchanger. The detection val ues obtai ned by these tenperature sensors
148 and 149 are subjected to the A/D conversion and supplied into the

m croconputer 141. Further, reference nuneral 150 represents an external
ROM which is simlar in function to the external ROM 130 of the indoor unit
A. Specific data on the outdoor unit B are t3fe same as those of the

external ROM 13% and tored |q€bhe ROM 150, Reference character
represents a f& Elgsé”& R9e S GFtanted;i LT (hE b8t 358PP814| thB &nd.ong

égg,ggg?or unEE @ﬂg‘égeéa‘%éﬂ‘¥é“¥é rleéso&%4wh%fé ghe contro galve is

fully closed for a predetermined time in order to improve the
refrigerating cycle in its starting characteristic.

Next, a second embodiment according to the present invention
will be described with reference to Fig. 9.

The second embodiment of the present invention differs from.
the first embodiment of the present invention of Fig. 1 in that
a recirculating mechanism 27 having no control valve 13 and no
capillary 12 is provided in the liquefied refrigerant return
circuit 20.

In the recirculating mechanism 27, as shown in Fig. 9, an
inlet tube 23 of the accumulator 6 is connected with a gas outlet
tube 18 of the liquid reservoir 14. The inlet tube 23 is formed
with a pressure reducing portion 25 which is designed to be
necked and serves as an adjustment mechanism. This
pressure-reducing portion 25 of the inlet tube 23 is designed to
be necked 1like a venturi-tube type shape having a small-
diameter portion, or it méy be designed to have an orifice
therein.

In the pressure-reducing portion 25 serving as the
adjustment mechanism, a negative pressure to be produced in the
mechanism is set so that a predetermined amount of the liquefied
refrigerant stocked in the liquid reservoir 14 is returned to the

refrigerant circuit using no power and no driving mechanism.



Is designed so that a ROMin which prograns are beforehand stored, a RAMin
whi chreference data are stored and a CPU for operating the prograns are
contained in the sane housing ("Intel 87Cl96MC (MCS-96 series) produced by
Intel Corporation, or the |ike my be used). Next, returning to Fig. 1, the
construction of each - 19 - refrigerant circuit will be described

her eunder. Each of the indoor heat exchanger 3 and the outdoor heat
exchanger 5 is provided with fans 3a, 5a to performa heat exchange
operation between an outside air or indooBSarr and the refrigerant. Both

the fans Ba,N a%%l%r, ebgesse'tgcr}_%% %%et Qg&aé{]\?e pressure in the pressure-reducing

portion 25 of the inlet tube 23 to an appropriate value (a value
which is beforehand obtained through an experiment), it is
possible to keep constant the mixing ratio of a specific
refrigerant component of the mixture refrigerant which circulates
thfough the refrigerant circuit.

Acéording to. the second embodiment of the present
invention shown in Fig.. 9, the mixing ratio of the mixture
refrigerant in the refrigerant circuit (i.e., the mixing ratio
of the specific refrigerant component) is kept constant, so that
the abnormal increase of the pressure of the refrigerant due to
the variation in the mixing ratio can be prevented from
occurring in the refrigerant circuit. Further, in the
refrigerating cyclg of the present invention, an initial proper
value of the mixing ratio of the refrigerant is kept constant in
the refrigerant circuit, and thus it is possible for the
refrigerating cycle to operate at its highest operational
efficiency and to keep safety of the refrigerant.

Furéhermore, in the second embodiment of the present
invention, in confrast with the first embodiment shown in Fig.
1, anj of the mixing ratio detector, the temperature sensors or
detectors and the control device which performs the control
operation on the basis of the detection signals from these
detectors is not required, and thus the construction of the

second embodiment can be simplified.



respective air flowrates are variable, and for exanple, in response to a
signal fromthe control unit 21, each of the fans 3a, 5a changes its air.
flowrate to any one of three stages (i.e., alowrate, a nddle rate, and
a high rate). In the cooling cycle, the four-way valve 2 permts the
refrigerant to flowin the direction of the arrows indicated by solid |ines
as shown in Fig. 1 while in the heating cycle it permts the refrigerant to
flowin the direction of the arrows indicated in dotted lines as shown in
Fig. 1. By switching the four-way valve 2 in the manner as described above,
the flow path of the refrigerant can be swggched. between the cooling cycle
and the heating cycle. Aliquid reservoir 14 is disposed between the
accunul ator 6 andLikee theiriigqyidatesefvoi® Bopwehe naécgmuPaton 6heohprises

reservoir 14, an upper portion of a reservoir body 15 is

an accumulator body 29, a liquid outlet tube 31, and a
gas-liquid separator plate 33, and it supplies the gaseous
refrigerant discharged from the gas outlet tube 31 to a suction
side of the compressor 1. The refrigerant thus suéplied to the
compressor 1 is compressed in a compression portion 41, and then
passes through a clearance 45 of a motor portion 43 into an
outlet opening 47 through which the refrigerant is discharged to
the refrigerant circuit.

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.

For exaﬁple; in the refrigerant circuit shown in Fig. 1,
it is also possible to use only one of the temperature detectors
Tl, T2, T3, T4 and the mixture ratio detector Wl. In other words,
it is also possible to control the control valve 13 on the basis
of any one of the detection signals.

Fux:thermore, the capillary tube 27b may be interposed in the
recirculating mechanism 27 as shown in Fig. 10 to impose a load.
In this case, counterflow of the liquid in the recirculating
mechanism 27 can be prevented.

| .The present invention relates to the refrigerating cycle,
and its apﬁlied field is not limited to an air conditioner. In
other words, the present invention is applicable to any equipment

insofar as the equipment uses a refrigerating cycle. For example,



connected.to a refrigerant inlet tube 16, and a | ower portion of the body
15 i s ‘connected to a liquid outlet tube 17 for discharging |liquefied
stocked refrigerant froma bottom portion of the reservoir body 15.
Further, a gas outlet tube 18 extendi-ng upwardly is connected to the
reservoir 14, and the tube end of - - 20 - the gas outlet tube 18 is

di sposed to face the refrigerant inlet tube 16 through a gas-Iliquid
separator plate 19. In the liquid reservoir 14 thus constructed, the
gaseous refrigerant is guided into the accunulator 6 and the |iquefied
refrigerant stocked in the liquid reservoi 8714 is di scharged fromthe

reservoir 14 through the,liqgid outl et tube_17. ' .
the présent invention may be applied to a refrigerator, a large-

scale air conditioner, a prefabricated refrigerator, etc.



The liquid outlet tube 17 is connected to a liquefied refri

] urn
circuit 20 for returning the liquefied refrigerant.to the a C%Q %ibA SBEEN.
Vi

through a control valve 13 and a capillary tube 12. The con 48D

uses a step notor to adj .openi ng degree. The step nDtor varies its
rotational I'n accor aq&gimnth a pul se signal fron1the control devi ce
21, and its rQqhigbh ﬁs Is.controlled to vary over

response to the ﬁlfron1a control unit 21. The'
i ncl udes the m 14, 141 shown in Fig. 11 as Hm m Eum
and it controls e entlre refrigerant cir3di+t.

The accumnukator

substantially the sane as that of the'liquid reservoir 14, as wll be seen
alsoin Fig. 9 which iIIustrateéﬂ&ﬂ&%ﬁuﬁﬁh&ﬂﬁﬂ#E%nt of the present
i nvention. Nanely, as _is clear froanlg % t he a HUl IS
- 1. A refrigerating Cycle in w mix ure refrigerant
consisting of plural refrigerants having different

characteristics are circulated and which includes a refrigerant
circuit comprising at least a compressor, a condenser, a
pressure-reducing device and an evaporator, the mixture
refrigerant being circulated through' an operation of the
compressor, comprising:

detection means for detecting a physical status of the
mixture refrigerant circulating in said refrigerant circuit;

stdck means, disposed in said refrigerant circuit, for
stocking liquefied refrigerant in said refrigerant circuit;

reffigerant supply means for suppling the liquefied
refrigerant stocked in said stock means to a predetermined place
in said refrigerant circuit at which the pressure of the mixture
refrigerant circulating in said refrigerant circuit is reduced;

flow amount adjusting means for adjusting the amount
of the liquefied refrigerant passing through said refrigerant
supply means; and

control means for controlling said flow amount
adjusting means on the basis of the physical status of the
mixture refrigerant which is detected by said detection means,
wherein the flow amount of the liquefied refrigerant passing

through said refrigerant supply means is controlled on the bagis

of the physical status detected by said detection means so that




constructed by an accunul ator -body 29, a liquid outlet tubg 3&&5$HEEEHASBEEN-
gas-1iquid separator plate 33, and the gaseous refrigerant {[st ockBEFPLACEDEe

accumul at or .

s—guided fromthe gas outlet tube 31 and t h&TT Supprret—to—a—

suction side of'hhah h®d . - 21 - through thell4¥y4i4ouiﬁ_jube

31. On the other bed above, the refr'gera rcuit is
provi ded with the nsors (detectors) and th MI ,mg’ ’ﬁﬂ ﬂl"'
detector at prope |ons to obtain the detection sig

detection signals are supplled to the contrgl device 21. In th|s

enbodi nent,

tenperature detectors or sensory T1, T2 are disposed to detect

the respectlw%e physical status of the mixture refrigerant circulating in

said refrigerant circuit is converged to a predetermined range.

2. The refrigerating cycle as claimed in claim 2, wherein

‘the mixture refrigerant circulating in said refrigerating cycle

is formed of at 1least R-32 (difluordmethane) and R-125
(pentafluorocethane).

3. The refrigerating cycle as claimed in claim 2, wherein
said flow amount édjuéting means has a refrigerant flow path
through which the mixture refrigerant flows, and expansion means
for narrowing said refrigerant flow path to expand the mixture
refrigerant, thereby adjusting the refrigerant flow amount.

4. The refrigerating cycle as claimed in claim 3, wherein
the physical- quantity of the mixture refrigerant which is
detected by said detection means is an occupation ratio of a
specific refrigerant in the mixture refrigerant.

5. The refrigerating cycle as claimed in claim 4, further
comprising gas-liquid separating means provided to a suction side
of said compressor in said refrigerant circuit, wherein said
refrigerant supply means supplies the liquefied refrigerant to
an inlet port of said gas-liquid separating means.

6. The refrigerating cycle as claimed in claim 3, wherein
the physical quantity of the mixture refrigerant which is
detected by said detection means is a condensation tempetature

of the mixture refrigerant.

7. The refrigerating cycle as claimed in claim 6, wherein .




refrigerant tenperature at-the outlet sides of the outdoor hedt!SeXdFindéy BEEN
and the indoor heat exchanger 3 respectively when each of t heaREPLACED

exchangers 3, 5 serves as a condenser. Further, a tenperature detector. or
sensor T3 for detecting the refrigerant tenperature is disposed at the

di scharge side of the conpressor I, and another tenperature detector or
sensor T4 for det eﬂu’nﬂm}l ﬂ ipwer ant tenperature i s disposed at a

‘| ow pressure side "ugﬂ :HJ" way valve 2 and the indoor heat
exchanger 3. These ‘det‘ectioh stgrtals are input to the control unit 21. In

the refrigerating cycle of the present invé&i-on, by detecting the
refrigerant ternfaerature bxl means. of these tenperature_detectors or sensors
5 g

T1 and T2, afROPIEPPEYOLf MRRBSFRREFRLF 2R PRENIRG IR 1ThAsing QRFFTAHOME
or abnornal | 1.0 ressure in the refrigerant circuit are indirecfl
det ect ed. Fu%fapfgr ?rbg‘é,a"ﬁfﬁni éﬁﬂéﬁsé’tlﬁ‘rgemﬁgf‘\ﬁc‘?%r@er asts gf cthf SRdsTsation

temperature which is detected by said detection means.

8. The'refrigérating cycle as claimed in claim 6, further
comprising a fan for blowing out air to said cﬁndenser, wherein
said control means controls said flow amount adjusting means so
that the amount of the liquefied refrigerant flowing in said
refrigerant supply means and the air flow amount of said fan
increase when the condensation temperature detected by said
detection means exceeds a predetermined temperature.

9. The refrigerating cycle as claimed in claim 3, wherein
the physical quantity of the mixture refrigerant detected by said
detection meaﬁs is the temperature of the mixture refrigerant
which exists in a pressure-reduced state in said refrigerant
circuit.

10. The refrigerating cycle as claimed in claim 9, wherein -
said control means controls said flow amount adjusting means so
that the amount of the liquefied refrigerant flowing in said
refrigerant supply means increases when the temperature of the
mixture refrigerant detected by said detection means is lower
than a predetermined temperature.

11. The refrigerating cycle as claimed in claim 3, further
comprising protection means for performing a protecting operation
when a variation gradient of the flow amount of the mixture

refrigerant flowing in said refrigerant supply means by said flow

. This Sheet Has Been Reﬁ a
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both the eutlet sides of these heat exchangers 3, 5 becausejjtTiy SHEET HAS BEEN
mat chéd to the detection of the refrigerant tenperature forjboth RERLACED
cool ing and heating cycl es. - 22 - Further, a mxture ratTo detector—w——
i s disposed between the four-way valve 2 and the conpressor 1 to directly
detect a mixture ratio of the mixture refrigerant circulating through the
refrigerant ci rﬁummml]ﬂl ] its detection signal to the control

device 21. Ate nﬂﬂmum Ta for detecting the outside tenperature

is provided to thé outdoo™ héat*exchanger 5 side, and its detection signal

is input to the control device 21. Upon Tedkiving these detection signals

fromthetergneraturea, . . ,
ount adjusting means continues to exceed a predetermined value

for a predetermined time or more.

12. The refrigerating cycle as claimed in claim 11, wherein
the protecting operation of said protection means is to stop the
operation of said compressor.

13. The refrigerating cyéle as claimed in claim 12, wherein
the protecting operation of said protection means is to increase
the amount of the 1liquefied refrigerant flowing in said
refrigerant supply means. |

14. A refrigerating cycle in which mixture refrigerant
consisting of plural refrigerants having different
characteristics as compositions are circulated and which includes
a refrigeranf circuit cdmprising at least a wcTompressor, a
condenser, a pressure-reducing device and an evaporator, the
mixture refrigerant being circulated through an operation of the
compressor, comprising:

detection means for detecting a physical status of the
mixture refrigerant circulating in said refrigerant circuit;

stock means, disposed in said refrigerant circuit, for
stocking liquefied refrigerant which is changed from the mixture
refrigerant to a liquid phase in said refrigerant circuit;

fefrigerant recirculating means for recirculating a
liquefied refrigerant stocked in said stock means into said
refrigerant circuit; and

control means for controlling said refrigerant

e

is Sheet Has Been Reﬁaced -
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sensors of detectors T1, T2, T3 and T4, the control device PIiTHBKEEET HAS BEEN
conparison between these values of the detection signals and {that ofepiwcED
outside air tenperature detected by the outside air tenperatui € =
detector Ta far_cal cul ation, and judges whether the refrigerant- tenperature

I s above a predete_ﬁTﬁéa‘Teﬁperafure The reason why the refrigerant
tenperature is- H'mn ﬁﬂ outside air tenperature as described above
isinthat it "”[”m(mmdge it only on the basis of the refrigerant
t enperature whether® the Pfeffigerant is excessively conpressed (i.e., under

excessively high pressure) because the reF?igerant tenperature is sensitive
to the outside, air erature as aggarent from Fj

t f . .3. \Wen the
refrigerant ?%ﬁﬁ%?ﬁ?g |§eﬁﬁﬁv8ntﬁge g&BePfi kB8 PbgﬁéPaguﬁéatPﬁ gfddhe o
t th ! d t
e e LB LB LR £ UL BB, SHEE g maan,

wherein the recirculation of the liquefied refrigerant into said

SO+

refrigerant circuit is controlled on the basis of the physical
status detected by said detection means so that the physical
status of the mixture refrigerant circulating in said refrigerant
circuit is converged to a predetermined range.

15. The refrigerating cycle as claimed in claim 14, wherein
the mixture refrigerant circulating in said refrigerating cycle
is formed of at 1eas: R-32 (difluoromethane) and R-125
(pentafluoroethane).

16. The refrigerating cycle as claimed in claim 15, further
comprising gas;liquid separating means which is disposed at a
suction side of said compressor in said refrigerant circuit, and
has a necked portion having a smaller diameter at a part of an
inlet tube thereof, and wherein said refrigerant recirculating
means guides the liquefied refrigerant stocked in said stock

means to Said necked portion of said gas-liquid separating means.



the control valve 13 are output to increase the opening degré@mbﬁH?'%HASBEEN
control valve 13. Likew se, upon receiving the detection - 23 REPRL

A§§9|
fromthe mxture ratio detector WL, the control device 21 starts a -
necessary cal cul ati on processing on the detection signal, and supplies the
control valve 13 with a single pulse to open the control valve 13 or a
single pulse to close the control valve so that the mxing ratio of the
hi gh boiling point refrigerant is constant, if necessary. The refrigerant
m xing rati o detector includes a sound vel ocity measuring device for
measuring the sound velocity of liquefied mxture refrigerant in the

refrigerant circuit, a
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t her monet er for neasurlng the tenperature of the mxture re rTgEr%HEET&&MEBEEN
pressure gauge for neasuring the pressure of the mxture ef ri gRERDAGED B

thereby surely neasuring the concentration of the refrig e
measuring nmethod of the mxing ratio of the m xture refrigerant is not
limted to this nethod, and it may be made on the basis of variation of
physi cal properties such as speci'ffe2gravity, evaporation tenperature or
the like of the refrigerant. The m xing ratio detector is described in
detail in Japanese Patent Application No. Hei-7- 304298. The mixing ratio
detector contains a m croconputer in which data representing the

rel ati onship anong velocity, tenperature and pressure are programred, and
upon i nput of neasurenent val ues of velocity, tenperature and pressure of
the m xture refrigerant, it perforns cal cul ation processing to display the

concentration
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(conpositi-on ratio) of the mxture refrigerant on a displ WMBBHFETHAg%gLN
and al'so supply this data to the microconputer 141. As for deteﬁmpmncsn
si'gnal s supplied fromthe tenperature sensors or detector S~ FE—TZ—Fa;
and fromthe mxture ratio detector Wi, all of theses detection signals are
not necessarily used in the refrigerating cycle of the present invention.

As will be clarified in the follow ng description on the control process of
the refrigerating cyclé a necessar§l®nedor two of the detection signals
may be used to control the control valve 13. A control nethod will be
described according to the follow ng control process. '

: = |
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In the refrigerant circuit shown in Fig. 1, in the coolinglcyﬁ‘ %ﬁgHAbBEEN
four-way valve 2 shown in Fig. 1 is |located at such an oper t|on§F hASEPi an
as indicated by the solid I|ine, and the refrigerant is circulated through

t he conpressor 1, the outdoor heat exchanger 5, the pressure-reducing
device 4, the indoor heat exchanger 3, the four-way valve 2, the liquid
reservoir 14 and the accunulator 6 imprighig order. On the other hand, during
the heating cycle, the four-way valve 2 is |ocated at such an operati onal
position as indicated by a broken line of Fig. 1, and the refrigerant is
circulated through the conpressor 1, the indoor heat exchanger 3, the
pressure-reduci ng device 4, the outdoor heat exchanger 5, the four-way
valve 2, the liquid reservoir 14 and the accunulator 6 in this order. In
the liquid reservoir 14, the m xture refrlgerant is separated into gas and
i quid phases so that t he | iquefied

~
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- 25, - mxture refrigerant is stocked at the botton1portio 'ﬂ%§éﬁ% THASBEtN
reservoir 14 while the gaseous nmixture refrigerant is suppllied t &bED l
accunul ator 6 through the gas outl-et tube 18. Consequent | y [=ealy ' i
liquefied mxture refrigerant is stocked in the liquid reservoir 14

Therefore, the refrigerant having a higher boiling point is mainly stocked
inthe liquid reservoir 14 as the |iquefifé§-réfrigerant because the | ow
boi li ng-point refrigerant conponent tends to evaporate fromthe reservoir

14. On the other hand, in the refrigerant circuit, since the higher

boi I'i ng-poi nt refrigerant' conponent tends to be liquefied earlier than the

| ower boiling-point refrigerant conponent in the
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heat exchangers 3, 5, there is a case where the m xing rat)] gred stiber AAS BHER ]
refrigerant varies. The variation in the mxing ratio may |pftenRepdacen
abnormal |y high pressure in the refrigerant circuit. Ther o : :
prevent such abnormally el evated pressufgG.néthe circuit, the follow ng
contrql_.processi.ng.i.s. _perforned. In order to clarify the. dESCFIthQﬂ+uLn
the follow ng description the reference characters representin I
respective tenperature sensors or detectors and the xture ratlo detec

are al'so used to fflenote.the defechion signals supplled'nmﬁ%e#H “”
exanplie, the refdiencaarmaracter Tl also denqgtes a tenpe “
detected by the T _ ! T or; detector Tl
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- 26 - As shown in Fig. 4, when the control process starts, {fJE_controt
device 21 judges in a step S1 whether a predetermnined perio gﬁ“% HfET HAS BEEN
el apses. If the predeterm ned period of tinme is judged to hHaue el EE@Ch?he
process goes to step S2 to start reception of a mxing ratio detectlon o
signal. The predeterm ned period of tine as menfiponed above is a tine
required to stabilize the state of the refrigerant in the refrigerant
circuit, and it is set to 30 seconds, 1 mnute or the like. In the step S2,
the detection signal fromthe mxing ratio detector WL is received to

measure the mxing ratio of the refrigerant, and then the process goes to.
step S3. In the step S3, it is judged whether or not “Tﬁé’?hus
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determ ned mixing ratio of the high boiling-point
| ower- than a predeterm ned val ue a
predetern1ned vallue ﬁTAﬁHe proces

val ue.

of the high
which is su
suction poft

the m xing ratlo of
refrigerant circuit

abnormal |y

Sl

L
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rcontrol valve 13, the supply anount
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- 27 - high pressure, i.e., the abnornally el evated pressur WHM§§WEETHAS 'EN‘j
refrigerant due to the variation of the mxing ratio of the.refriggpgnéEﬁaﬁ

bé prevented. Furthernore, the optimumm xing ratio of the:
refrigerant can be kept and the high driving efficiency and the stability
of the refrigerant_can & "m@!uﬁﬂﬂ@d:.Thereaftetjnibe.prgcggs .10 the

return step. Ln the step 93,” i.f. the mixing ratio W detggted Ty {the m xing /L
ratio detector: W i's not liower: than the predeternined Va ue-af!tiefqpoce%g/
goes t'o" st ep™S5"T 0 j udge whét Her “the m xing rétio W i s gt Thamay -
predeternined value [err].: If ‘the:mi'xing ratid WLiis hi#8ar:t e he ;‘ﬁﬁ-

pr edet-er ni hed-vatue {err},;~the-process goes to step S6 'ﬁcam»jutﬂ;m@;fgke
val ve- ¢l osi-ng. pul se to the control® uniit 21 to c|6§§ t he[feont rol:_val ve: II3.: .
If thelmixing .. i oo bl lold Gl e (.
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ratio WL is not higher than the predetermni ned val ue [err]|, THISSSHERTCIEAS BGENS

to the return step and thus to the start step shown in F
predeterm ned values a and [err] are set as a perm ssi bl -

chattering of the control valve 13. #
chattering,- the nixing ratio def&€to
predeterm ned insensitive area. (CONTRO.L PROCESS 2)
Fig. 5, when the control process starts,

a predeterm ned period of tine el apses.
has el apsed, the process

I WA, A, WO N Wi

I'n

in a step S11 iThisShee
I f the predeterm
es to step S12 to start the re

af//

lE 4. RERRACED ‘

Iy order to prevent occurrence of such
WL may be provid

ed with a
~a flowchart shown in

i




- 28 - mxing ratio detection signal. In the step S12, the recenis QA HADBEEN |
detection signals T1, T2 = which represent the detected tenpédraturggpldcedl
of the outlet sides of the-heat exchangers 5, 3 serving as tlte—condensers;
is started, and then heRQkngés goes to step S13. On the other hand; in
the step S137hig$heet onitenperature T1 or T2 is higher than a
predeternined\a , Lt is judged'thg;’the m xing ratio of the

ough the refrigefant cuit exceeds the

refrigerant ci

pr edet er mi ned val ue,
t he control

S14,

pr edet er m ned nunmber of . val ve- aper
hi gh boi | i ng- poi nt

accunul at or

11

FIG.
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6 like the control process 1. As described above, H&“SSHEFT“ASBEEN
openlng/cI05|ng ratio of the control valve 13 is corrected ¢n theﬂﬁﬁkﬁgg%f

the mixing ratio-of the refrigerant which is estinmated througir the
tenperature of the outlet side of the condenser, whereby the nixing ratio
of the mxture refrigerant circulating through the refrigerant circuit can
be sinply and surely controlled. Thereafter, the process goes to the return
step. On the other hand, in the step - i¥2 t he detect ed tenperature T1 or
T2 is not higher than the predeterm ned-tenperature Te, the process goes to
step S15 to judge whether the detected tenperatures T}—aﬁd—¥2—aLe—LOMEL___
than a predetermni ned REPLACENMENT SHEET This Sheet Has Been Rep]

[ ﬂll
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THIS SHEET HAS BEEN
Date : 01 FEB 1997 -29- tenperature Th. In the step S15, if thg det (RERIGACED
tenperatures Tl and T2 are | ower than the predeterm ned tenpé€
. process goes to step S16 to close the control valve |ike the control
process 1. If the detected tenperatures T1, T2 are not |ower than the
predeterm ned tenperature Th, the process goes to the return step. (CONTROL
PROCESS 3) In the control process 3 shown in Fig. 6, |like the control
processes 1 and 2, the abnornally'ég E ressure in the refrigerant circuit
is judged fromthe steps S22 andS2 ’% GERALIN: EYGLEf the judgnent as to
whet her the value of the detection signal in the tenperature detector T1 or

T2 is higher than the ABSTRACT OF THE DISCLOSURE

In a refrigeréting cycle (air conditioner) using mixture
refrigerant, a mixing ratio of the refrigerant in'a refrigerant
circuit is measured by a mixing ratio detector, and a controller
receives the detection signal to open a control valve.when the
mixing ratio of a high boiling-point refrigerant component is
low, whereby the high boiling-point refrigerant stocked in a
liquid reservoir is returned to the refrigerant circuit. The high
boiling-point refrigerant which is supplied from the liquid
reservoir through the opening operation of the control valve is
supplied from a low pressure side of a compressor into the
refrigerant circuit to keep the mixing ratio of the refrigerant
circulating in the refrigerant circuit to a predetermined value,
thereby preventing abnormal increase of pressure of the

refrigerant due to variation of the mixing ratio.

-
Been Re‘laccd
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predeterm ned tenperature Ta. If the abnormally high pre sumaﬁwxmﬂﬁFSHEET]
refrigerant circuit is judged, the process goes to step LA U
judgnment step. In the step S24, it is judged whether the T
3a during the heating cycle) of thelcondenser 5 (which
exchanger 5 during the cooling cycle, and the indoor heat exché ﬁ@ 3
during the heating cycle) is controlled to be driven once at h'gﬂ Begyﬁ
(flag F = 1). If they are still not driven, the flag Fis set to 1 and then
the process goes to step S25 to drive the fan 5a at high speed. In the step
S25, by driving the fan 5a of the condenser 5 at high speed, the cooling
efficiency of the condenser 5 is inproved, and |iquefaction of the

refrigerant is pronoted to thereby suppress the high pressure of ‘the
refrigerant circuit.
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REPhACENENT SHEE Date : 01 FEB 1997 - 30 - For exanple, in aagggacmmén@SHﬁsT
fan 5a is driven at the three stages of |low, mddle and high speeds, éE HE@

fan 5a, if currently operating at t | ow speed, is driven aba@h

hi gh speed. Wen the indoor heat ex ger 3 serves as the

the heating cycle, the fan 3a is driven at the low or mddle spee& when t he
fan 3a is still not driven. In step S26, a tinmer is is started an 5 AR 1996

i s judged whether a predeterm ned period of tinme elapses after the driving
control of the fan. If the predeterm ned period of tine el apsed, the

process returns to the
FIG. 2
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tenperature detector Tl or T2 is higher than the predeter
Ta again. That is, it is judged mhg ther the abnornmally

the refrigerant circuit has been r d under the fan dri
the step S25. Wen it is judged that the abnormally high pressur@ ffPMlegﬁ
remains in the refrigerant circuit, the process goes to step S24. 1n th
case, if the fan has been driven once at high speed (flag F 1), the
process goes to step S27 to control the control valve 13 to be opened like
the control processes 1 and 2 and then drives the fan 5a at a normal speed
(S25'). As described above, in the refrigerating cycle of the present
invention, the two-stage control operation is-conducted on the fans 3a and
5a and the control valve 13 for the follow ng reason. The increase of the

refrigerant tenperature i s not FIG 3

REFRIGERANT TEMPERATURE

20 25 30 35 40
OUTS IDE TEMPERATURE (°C)
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B H’ SHEET !

REPLACEMENT SHEET Date :01 FEB 1997 - 31 - necessarily bas d on the
variation in the mxing ratio of the refrigerant, and thus|isgyg.|
the refrigerant tenperature can be s‘fpressed by the fans
condenser. Further, when the fans 3a—ba fail to decrease
tenperature, the hlgh pressure in the refrigerant circuitifi
the step S23, if the value of the detection signal T1 or
tenperature detector T1 or T2 is not |arger than the pred
tenperature Ta, the process goes to steps S28 and

FIG. 4
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S29 to performthe same control as the steps S15 and S16 ngguNxmmekﬁHEzf
process 2. (CONTROL PROCESS 4) As shown in Fig. 7, the coptrol process 4 is
substantially simlar to the control ocess 2 shown in F gmn@ =735
different fromthe control process Zlgu that the tenperat -

tenperature detector T4 at the |ow pressure side of the refri ger?aﬁltl"lﬂcﬁ r1995t
I s detected instead of the tenperature detectors T1, T2. ;:f?F%F%ﬁﬁﬁF
S32, a detected tenperature signal T4 fromthe tenperatur T6¢R 8FEBI Hig BEE ‘
di sposed at the | ow pressure side of the refrigerant is riecei véthr -AFED n

step S33 it is judged whether the tenperature T4 is |lower than a
predeterm ned value Tc. If in step S33 it is judged that T4 is | ower than
Tc, the process goes to step S34 Io@n tBe control val ve—13 ana Feturn

t he hi gh boiling- point refrigerant heet Has Been Re laced
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conponent stocked in the liquid reservoir 14 to the | ow

1997 -32- pressure side of the conpressor 1. As described
ratio of the refrigerant is estimated on the basis of the
the | ow pressure side of the refrige circuit, and the
ratio of the control valve 13 1is controlled on the basis
estimated mxing ratio of the refrigerant, whereby the ab
pressure can be prevented from being produced in the refr
through a sinple tenperature neasurenent. |If T4 is higher
predeterm ned value Td in step S33,

FIG. 6
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the abnormally high pressure of the refrigerant circuit is
basis of the detection tenperature T4 to control the open
operation of the control valve 13 lik&_the control process
7. The control process 5 is characterized by a series of stenq SA5;
S47. Nanely, after the control valve 13 is opened in the 4E ) N
step S45 a variation gradient Mof the opening degree of tfhe co%ﬁ T RRE
13 is detected, and then it is judged whether the vari ati on=g=as nn* r

period at mhlch t he val ve-opening pulse is output) exceeds a predetern1ned
fixed value Mb. In the step S46 and step S46', it is judge er the

ST i

close the control valve 13. (CONTROL PROCESS 5) In the contlL@iEPpAGE@'s'yT@HEET
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variation

to exceed the fixed value Mo for a predeterm ned tine.
gradient M continues to exceed MO for the predetermned ti
30 seconds,

REPLACEMENT SHEET Date O1.

the process goes to ste

FEB 1997 -33- gradi
| f

P REPMACDMENT BSEET

[ he vgkgéggoa

7 to performa prot

The flag G indicates whether the period when M>Mb conti nue

predeterm ned tine.

I n other words,

when the predetermn

has el apsed while the variation gradient Mof the opening

FIG. 8
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the 'control valve 13 (the period at which the val ve-openi nf RERIACEMENT SHEET
output) exceeds the fixed value M, it is estimated that rgfrigeganie

I

fromthe refrigerant circuit. Consequently, in this case|| Bde:Tontr

device 21 perforns the protection o tion to stop the operatrom of_the
conpressor 1 for exanple, and thus stop the operation of the refzgmﬁ?g 06
circuit for safety. In addition, the control device 21 gives an ' 9

i nspection of the refrigerant circuit at the same tine. The protection
operation may be perfor 3[th ting the control valve 13 in a fully
opened condition. This E .l operation may be-added just prior to the
return step of each of Figs. 4, 5 and 7, and &geng return | pdp of Fig.

6, if occasion demands. Here, the opening and cl osi ﬁ eratigh of the
control valve 13 will be described in associ at j@# ‘ #%ﬁ tire operation.
N
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the-air conditioner. In the heating cycle, ‘when the out sijdBERLACEMANE SHEETe
Is low, the operation is perfornmed while the control valve 13 i

opened for a predeternined period of tine in order to per|f BEi®G. ...
hi gh-efficiency operation. In the deiﬂosting cycle, the operatrom s —
performed while the control valve 1 is fully closed in order t gqﬂgqggathe
defrosting tine. Furthernore, when the - 34 - refrigeratin? ycle TS
started after it is stopped for a long tine, the operation is carried out
while the control valve is fully closed for a predetermned tine in order

to inprove the refrigerating chIIeG'n.'ltO starting characteristic.
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Next:,” a second enbodi nent according to the present invent'iiqupMAbkg;\,mTSHEET-
described with reference to Fig. 9. The second enbodi nent{jof the
invention differs fromthe first enbodi ment of the presenf ganerMt:
Fig. 1 in that a recircul ating mechahkdism 27 having no con
no capillary 12 is provided in the liquefied refrigerant return gcircuit 20.
In the recircul ati ng nechanism 27, as shown in Fig. 9, an inlet 351%\[?23995
the accunulator 6 is connected with a gas outlet tube 18 of the liquid
reservoir 14. The inlet tube 23 is formed with a pressure reducing portion

25 which is designed to be necked .and serve ﬁhm adj ust ment
' t h§

mechani sm  This pressure-reducin 3t tube 23 is
designed to be necked like a ventpri-tube &ype shapelllaying a small -
di aneter portion, or it may be |depi gned to have orifilCee @
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t herei n. In the pressure-reducing portion 25 serving as th llgé” L‘A%QMTSHEET
mechani sm a negative pressure to be produced in the nmechapismis_set _sq

that a predeterm ned anmount of the Iiguefied refrigerant s 05&@5’6%% _____
liquid reservoir 14 is returned to tR&€ refrigerant circuit |USIAZ] '
and no driving nmechani sm - 35 - Nanely, by setting the negative

pressure in the pressure-reducing portion 25 of the inlet tube 235 MARa936
appropriate value (a value which is beforehand obtai ned through an
experinent), it is possible to keep constant the mxing ratio of a specific

refrigerant conponent of the m'Ft rrG're'rz'gerant whi ch circul ates

L~
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through the refrigerant circuit. According to the second e LR T SHEET
present invention shown in Fig. 9, the mxing ratio of the nxture :
refrigerant i.n the refrigerant circuit (i.e., the nixing ra igatgf_.—.%e%ﬁgsﬁw
specific refrigerant conponent) is kept constant, so that the—abrera

I ncrease of the pressure of the refrigerant due to the variation i&d%]he

m xing ratio can be prevented frorﬁE?ﬁ@qR”Tﬂﬂir 'gg%'_:#e refrigerant ci MAR 1996
Further, in the refrigerating cycle o Aep . invention, an initial
proper value of the mxing ratio of the refrigerant is kept constant in the

refrigerant circuit, and t hgdriracr S IHE DISULISURE ef ri gerating cycle
to operate at its highest operational efficiency and to keep safety of the

refrigerant. Furtheamrefrigetditing copdlenpatirmsondiftioher)r agniy mixture
i nvention, in contrast with the first enbodi nent shown in Fig.
refrigerant, a mixing ratio of the refrigerant in a refrigerant

circuit is measured by a mixing ratio détector, and a controller
receives the detection signal to open a control valve when the

- . mixing ratio of a high boiling-point refrigerant component is
low, whereby the high boiling-poim_: refrigerant stocked in a
liquid reservoir is. retufcned to the refrigerant circuit. The high
boiling-point refrigerant which is supplied from the 1liquid
reservoir through the opening operation of the control valve is
supplied from a ldw pressure side of a compressor into the
refrigerant circuit to keep the mixing ratio of the refrigerant
circulating in the refrigerant circuit to a predetermined value,
thereby preventing abnormal increase of pressure of the
refrigeraﬁt due to variation of the mixing ratio.

FIGURE 1



1, an of.the m xing ratio detector, the tenperature senspr ﬁ%ﬁ’

and tﬁe control- device which perforns the control operatip ﬁﬁﬁﬁg‘bh gé =0
the detection signals fromthese detectors is not required,DQQdDﬂhEEBtEBT
construction of the second enbodi nent can be sinplified. 36 = LTKE e

liquid reservoir 14, the accunul ator 6 conprises an accumrul ator body 29,
aliquid outlet tube 31, and a gas-liquid separator plate 33, and it
supplies the gaseous refrigerant discharg fromthe gas outlet tube 31 to
a suction side of the conpressor 1. The réfrigerant thus supplied to the

conpr essor %eh§e§8€9535§39 In a conpression portion 41, and then

In the step S15, if the detected temperatures Tl and T2 are
lower than the predetermined temperature Tb, the process goes
to step S16 to close the control valve like the control process
1. If the detected temperatures Tl, T2 are not lower than the
predetermined temperature Tb, the process goes to the return
step.

(CONTROL PROCESS 3)

In the control process 3 shown in Fig. 6, like the control
processes 1 and 2, the abnormally high pressure in the
refrigerant circuit is judged from the steps S22 and S23 on the
basis of the judgment as to whether the value of the detection
signal in the temperafure'deteetor.Tl or T2 is higher than the
predetermined temperature‘Ta. If the abnormally high pressure in

the refrigerant circuit is judged, the process goes to step S24

through time-up judgment step.

In the step S24, it is judged whether the fan 5a (or the fan
'~ 3a during the heating cycle) of the condenser 5 (which is the
outdoor heat exchanger 5 during the cooling cycle, and the indoor

heat exchanger 3 during the heating cycle) is controlled to be

driven once at high speed (flag F = 1). If they are still not
driven, the flag F is set to 1 and then the process goes to
step 825 to drive the fan 5a at high speed.

In the step S25, by dr;v;ng the fan 5a of the condenser 5
at high speed, the coolzng efficiency of the condenser 5 is
improved, and.liquefaction of the refrigerant is promoted to
thereby suppress the high pressure of the refrigerant circuit.
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Easses t hrough a clearance 45 of a notor portion 43 into an
7 through which the refrigerant is discharged to the refri erantchgEE E@

e ay——

The present invention is not limted to the above enbodi nentlsPatgn
nodi fications may be made wi thout departing fromthe subject—matter of tie
present invention. For exanple, in the refrigerant circuit shown in Fig.
it is also poSsible to use only one of the tenperature detectors T1, T2,
T3, T4 and the m xture ratio detector WL. In other words, it is also

possi ble to control the control val ve =130 the basis of any one of the
signals. Furthernore, the capillary tube 27b nmay be interposed in
the recircul ati ng nmechanism 27 as shown in Fig. 10 to inpose a load. In

det ecti on

this case,

BEPMC*E%M P

be prevent ed.

For example, in a case where the fan 5a is
driven at the three stages of low, middle and high speeds, the
fan 5a, if currently operating at the low speed, is driven at the
middle or high speed. When the indoor heat exchanger 3 serves as

the condenser during the heating cycle, the fan 3a is driven at
the low or middle speed when the fan 3a is still not driven.

In step S26, a timer is is started and then it is judged

whether a predetermined period of

time elapses after the driving control of the fan. If the

predetermined period of time elapsed, the process returns to the

.step S23 to judge whether the value of the detection signal in

the temperéfure detector Tl or T2 1is higher tban the
predetermined temperature Ta again. That is, it is judged
whether the abnormally high pressure of the refrigerant circuit
has been feduced under the fan driving control of the step S25.
When it is judged that the abnormally high pressure still remains
in the refrigerant circuit, the process goes to step S24. In this

case, if the fan has been driven once at high speed (flag F =
1), the process goes to step S27 to control the control valve
13 to be opened like the control processes 1 and 2 and then
drives the fan 5a at a normal speed (S25’). |

As described above, in the refrigerating cycle of the

present invention, the two-stage control operation is-conducted
on the fans 3a and 5a and the control valve 13 for the following

reason. The increase of the refrigerant temperature is not

1

counterflow of the liquid in the recircul ati ng nechani sm 27 can
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The present invention relates to the refrigerating cycle|~and rtg,a_ghre&mr:
field is not limited to an air conditioner. In other wor dsREPHCEHEYEJHEET ||

i‘nvention is applicable to any equipment insofar as the qUipWﬁgijﬁgﬁigg _____

refrigerating cycle. For exanple, - 37 - the present ilinD&AR¢
applied to a refrigerator, a large- scale air conditioner,a prefabricated
refrigerator,” etc. REPLACEMENT SHEET Date:. 01 FEB 1997

- 31 -

necessarily based on thé vériation in the mixing ratio of the
refrigerant, and thus some increase of the refrigerant
temperature can be suppressed by the fans 3a, 5a of the
condenser. Further, when the fans 3a, 5a fail to decrease the
refrigerant temperature, the high pressure in the refrigerant
circuit is controlled. |

In the step $23, if the value of the detection signal Tl or

‘T2 of the temperature detector Tl or T2 is not larger than the
predetermined temperature Ta, the process goes to steps S28 and
S29 to perform the same control as the steps S15 and S16 of the
control process 2.

(CONTROL PROCESS 4)

As shown in Fig. 7, the control process 4 is substantially
similar to the control process 2 shown in Fig. 5, and it is
different from the control process 2 in that the temperature of
the temperature detector T4 at the low-pressure side of the
refrigerant circuit is detected instead of the temperature
detectors Tl, T2. That is, in a step S32, a detected temperature
signal T4 fz_'om the temperature detector T4 disposed at the
low-pressure side of the refrigerant is received, and in step S33
it is judged whether the temperature T4 ;s lower than a
predetermined value Tc. If in step S33 it is judged that T4 is
lower than Tc, the process goes to step S34 to open the control

valve 13 and return the high boiling-point refrigerant

component stocked in the liquid reservoir 14 to the low-



38 CLAIMs: 1. (Anended) A refrigerating cycle in which {hgepspfefsEhgelipni
m xture consisting of plural refrigerants having different|{ characteristics
are circulated and which includes a refrigerant circuit c a{@lﬂldE\EBlw%t
a conpressor having a | ow pressure side, a condenser, an e ]
and an evaporator, the refrigerant m xture being circul ated through an
operation of t’he conpressor, conprising: detection neans for detecting a
physi cal status of the refrigerant m xture circulating in said efrigerant
circuit; stock neans, disposed in said refrigerant circuit, for stocking
liquefied refrigerant at | ow pressure sidé%f in said refri gerant circuit;

fri I f | yi he |} fied ' ked
n sard ot oBEoRBKE T8 OF e EPRPHEACBrace A% BRaE HHER PhEVERt TRF LTS
whi ch the  roeibeld ORRAN rObXI JEfall G bL0GnkPedich T ShE GRS BT Cttid
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temperature at the low-pressure side of the refrigerant circuit,
and the opeﬁing/closing ratio of the control wvalve 13 is
controlled on the basis of the thus estimated mixing ratio of the
refrigerant_, whereby the abnormally high pressure can be
prevented from being produced in the refrigerant circuit through
a simple temperature measurement. 'If T4 is higher than a
predetermined value Td in step S33, the process goes to step S36
close the control wvalve 13.

(CONTROL PROCESS 55

.In the centrol precess 5, the abnormally high
pressure of the refrigerant circuit is judged on the basis of the.
detection temperature T4 to control the opening and closing
operation of the control valve 13 like the control process 4
shown in Fig. 7.

The control process 5 is characterized by a series of steps

g ' S45, S46 and S47. Namely, after the control valwve 13 is opened
in the step S44, in step S45 a variation gradient M of the
opening degree of the control valve 13 is detected, and then it

is judged whether the variation gradient M (a period at which the
valve-opening pulse is output) exceeds a predetermined fixed

value Mo.

In the step S46 and step 846/, it is judged whether the
variation



on the | ow pressure side of the conpressor; flow amunt a %%'?HW*"%‘T@H#T%T
adj usting the anount of the liquefied refrigerant passingl|t rougﬁ 1997
refrigerant supply neans; and control neans for controlli &g "; -----

...........

anount adjusting nmeans on the basis of the physical status of the
refrigerant m xture which is detected g said detecting neans, wherein the
fl ow amount of the liquefied refrigerant passing through said refrigerant
suppl y mgaadiestcoMmt rednteihwes t o besceedl the phissedalvadiuet ustodefert e by
said detection nmeans so that the physical status of the refrigerant
m xture predeterminad itimeai dIf ethegoragniiatdionc gradient t Mi coatinuest i ned
range. . REPLACEMENT SHEET Date: 01 FEB 1997.

exceed MO for the predetermined time, for example, 30 seconds,

the process goes' to step S47 to perform a protection operation.

The flag G indicates whether the period when M>Mo continues

exceeds a predetermined time.

In other words, when the predetermined period of time has
elapsed while the variation gradient M of the opening degree of
the control valve 13 .( the period at which the valve-opening pulse
is output) exceeds the fixed ‘value Mo, it is estimated that
refrigerant leaks from the refrigerant circuit. Consequently, in
this case, the control deviqe 21 performs the protection
operation to stop the operation of the compressor 1 for example,
and thus stop the operation of the refrigerant circuit for
safety. In aédition; the control device.21 gives an alarm for
inspection of the refrigerant circuit at the same time. The
protection operation may be performed by putting the control

valve 13 in a fully opened condition.

This protecting operation may be added just prior to the return
step of each of Figs. 4, 5 and 7, and along the return loop of
Fig. 6, if occasion demands.

Here, the opening and closing operation of the control valve
13 will be described in association with the entire operation of
the air conditioner.

In the heating cycle, when the outside air temperature is
low, the operation is performed while the control valve 13 is
fully' opened for a predetermined period of time in- order to
perform a high-efficiency operation. In the defrosting cycle, the
operation is performed while the control valve 1 is fully closed

in order to shorten the defrosting time. Furthermore, when the



39 2. [ CANCEL] 3. The refrigerating cycle as clained inff -uk_-.,.--ﬁ.:;. e

wherei'n said flow anount adj usting means has a refri gerantq Eg%}-g} %ﬁﬂm SHEET
ans r

CRARS 0 f1GES.- 1097...

t hrough which the refrigerant mxture flows, and expansion
narrowi ng said refrigerant flow path to expand the refriger

thereby adjusting the refrigerant flow &funt. 4. The refrigerating cycle
as claimed inggimd m3, wherein the physical quantity of the refrigerant

m xture which TS detected by said detection means is. an occupation ratio of
a specific refrigerant in the refrigerant m xture. 5. [ CANCEL] 6. The

refrigerating cycle C gmg‘m@} £Rfrigera iitidreof
the refrigerant m xt ﬁe mﬁ%ﬂ*ﬁﬁk&éﬁé@%@?&?ﬂﬁgfg{i ction ’rrear?]gg Is a
condensation te o Freﬁjgenms having different characteristics are circulated and which includes

a refrigerant circuit comprising at least a compressor having 2 low-pressure side, a condenser,
W&h&}w device and an evaporator, the {mixasse} refrigerant mixwre
being circulated through an operation of the compressor, ct':rr.lprising: '
detection means for detecting 2 physical status of the feixture} refrigerant mixmre
circulating in said refrigerant circuit;

disposed in said refrigerant circuit,
rant at low pressure side of in

'~ stock means,
for stocking liguefied refrige
said refrigerant circuit;

refrigerant supply means for {supplyingl- supplving the liquefied refrigerant
stocked in said stock means to a predetermined place in said refrigerant circuit at which fthe
_pressuze-of the {mixmse}refrigerant mixwure circulating in said refrigerant circuit is-fredueed}
op the low-pressure side o thé co SOT;

flow amount adjusting means for adjusting the amount of the liquefied refrigerant
passing through said refrigerant supply means; and

control means for controlling said flow amount adjusting means on the basis of

~ the physical status of the {migeme}refrigeram mixture which is detected by said detecting

means, wherein the flow amount of the liquefied icfrig:rant passing through said refrigerant
supply means is controlled on the basis of the physical status detected by said detection means
50 that the physical status of the fmixture} refrigerant mixture circulating in said reﬁigcrant
circuit is feeaverged-to} within a predetermined range. e ————

Hllllll [ A !III



of the refrigerant m xture. 7. The refrigerating cycle ﬁE@{ﬁCﬁﬁ@gw@HtET il
claim 6, wherein said control neans controls an opening ghd closin
-operation of said flow amount adjusting neans on the basi|sDafe t&éFgEBIQQT _____
condensation tenperature which is detegged by said detect

The refrigerating cycle as clainmed in claim®6, further conpr|5|ng a fan for
bl owi ng out air to said condenser, wherein said control neans controls said
fl ow anpbunt adjusting nmeans so that the amount of the | i quefied refrigerant
flowing in said refrigerant supply neans and the air flow anount of said
fan i ncrease wlen t HEANGRAAnsati on tenperature detected by said detection
means exceeds a predeterm ned tenperature.

3. The refrigerating cycle as claimed ih claim 1, wherein
‘said flow amount adjusting means has a refrigerant flow path
through which the refrigerant mixture flows, and expansion means
for narrowing said refrigerant flow path to expand the
refrigerant mixture, thereby adjusting the refrigerant_flow amount .

4. The refrigerating cycle as claimed in claim 3, wherein
the physical quantity of the refrigerant mixture which is
detected by said detection means is an occupation ratio of a

specific refrigerant in the refrigerant mixture.

5. ICAﬁCEL]

6. The refrigerating cycle as claimed in claim 3, wherein
the physical quantity of <the refrigerant mixture which is
detected by said detection means is a condensation temperature

of the refrigerant mixture,

7. The refrigerating cycle as claimed in claim 6, wherein
said control means controls an opening and closing operation of

said flow amount adjusting means oh the basis of the condensation
temperature which is detected by said detection means.
8. The refrigerating cycle as claimed in claim 6, further
'~ comprising a fan for blowing out air to said condenser, wherein
said control means controls said flow amount adjusting means so
that the amount of the liquefied refrigerant flowing in said
refrigerant supply means and the air flow amount of said fan
%ncrease when the condensation temperature detected by said

detection means exceeds a predetermined temperature.

* c L M b *




40 9. The refrigerating cycle as clained in claim3, V\/ner ‘Wﬁﬁe’@ﬁy‘gﬁ eﬁEET [
quantity of the nmixture refrigerant detected by said detect on neifiéﬁggiﬂﬁ
tenperature of the refrigerant mixture which exists in a prissiif elr-edirdedidl. ... '
state in said refrigerant circuit. 10. The refrigerating cycle as crai nmed

in claim9, wherein said control neans trols said fl ow anpbunt adj usting
means so that the amount of the liquefied refrigerant flowing in said
refrigerant supply means increases when the tenperature of the refrigerant

' d b d. d I h
Lemporatur e, 110- Thet I FEERTAPTREHIG G o Repatanyif S1EHE <1 HeR

Com 1 0<H e A SRSChO I Mg AR Bk AL B

detection means is the temperature of the refrigerant mixture

ein

which exists in a pressure-reduced state in said refrigerant
circuit.

10. The refrigerating cycle as claimed in dlaim 9, wherein
.said control means controls said flow amount adjusting means so
that the.amount of the liquefied refrigerant flowing in said
refrigerant supply means increase§ when the temperature of the
refrigerant mixture detected by said detection means is lower
than a predetermined temperature.

11. The refrigerating cYcle as claimed in claim 3, further
comprising protection meaxis for performing a protecting operation
when a variation gradiént of the flow amount of the mixture

refrigerant flowing in said refrigerant supply means by said
flow amount adjusting means continues to exceed a predetermined

value for a predetermined time or more.
12. The refrigerating cycle as claimed in claim 11, wherein

the protecting operation of said protection means is to stop the
operation of said compressor.

13. The refrigerating cycle as claimed in claim 12, whereiﬁ
the protecting operation of said protection means is to increase
the amount of the 1liquefied refrigerant flowing in said

refrigerant supply means.

e

L

14. [CANCEL]
15. [CANCEL]

16. [CANCEL]



refrigerant flowing in said refrigerant supply means by salldREP W Airpthp™
adj usting nmeans continues to exceed a predetern ned val ue flor a 01 FEB 1997
predetermined time or nore. 12. The refrigerating cycle as c'P%Pheﬂ--ij-ﬁﬁ-p'l%_'m' A|
11, wherein the protecting operation of 48aid protection meahs1s to stop

the operation of said conpressor. 13. The refrigerating cycle as clainmed in
claim 12, wherein the protecting operation of said protection neans is to

i ncrease the amount of the liquefied refrigerant flowing in said

refrigerant supply megSpe jdrighiatitidycle at elaimdd bfalh h, thftned by pas-liquid

separating means provided to a vacuum side of said compressor in said refrigeration circuit,

wherein said refrigerant supply means supplies the liquefied refrigerant to an inlet port of said
gas-liquid separating means through said flow amount adjusting means, wherein the refrigerant
mixture circulating in said refrigerating cycle is formed of at jeast R-32 (difluoro-methane) and

R-125 (pentafluoro-cthans).

18.  The refrigerating cycle as claimed in claim 14, wherein said refrigerant

recirculating means includes a venturi tube,

19.  The refrigerating cycle as claimed in claim 14, wherein said refrigerant

recirculating means includes a tube having a constricted portion on either side of an orifice

20.  The refrigerating cycle as claimed in claim 14, wherein said refrigerant

recirculating means includes a pressure reducing portion. —

— -—
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41°17. The refrigerating cycle as claimed in claim1, fur bewﬁ#“gﬁﬁti
.gas-.liquid separating nmeans provided to a vacuum si de of ald ;ﬁqu '
said refrigeration circuit, wherein said refrigerant sup

the liquefied refrigerant to an inlet port - -of said gas-liqU1d Separating
means through said fl ow anount adj usting nmeans, wherein the refrigerant

m xture circulating in said refrigeratijgg cycle Is forned of at |east R-32
(difluoro- nethane) and R-125 (pentafluoro-ethane). 18. The refrigerating
cycle as clained in claim14, wherein said refrigerant recircul ati ng neans
I ncludes a venturi tube. 19. The refrigerating cycle as clainmed in claim
14, wherein said refrigerant recircul ati ng neans includes a tube having a
constricted portion on either side of an orifice. 20. The refrigerating
cycle as clainmed in claim14, wherein said refrigerant recircul ati ng neans

i ncl udes a pressure reducing portion. F: I(:;_ 11
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THI S SHEET HAS BEEN REPLACED - 42 - recircul ati ng neans o4 RHEJKE@J@ bﬁsthe
physi-cal status of the mxture refrigerant which is detected by 5%

detection neans, wherein the recirculation of the |iquefi §datef. :QSE §n§997
into said refrlgerant circuit is controlled on the basis
status detected by said-detection neans so that the physical status of the
m xture refrigerant circulating in saidgefrigerant circuit is converged to

a predeternmined range. 15. The refrigerating cycle as clained in claim 14,
wherein the mxture refrigerant circulating in said refrigerating cycle is
formed of at Jeast R-32 (difluoronethane) and R-125

FIG. 5
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16. The refrigerating cycle as claine RBPEA@@%E&ﬁS%EET
further conprising gas-liquid separating means which is di §posed
suction side of said conpressor in said refrigerant C|rCU|_,Daﬁd
necked portion having a smaller dianeter at a part of an i #HeF
t hereof, and wherein said refrigerant recircul ati ng neans gui des the

| i quefied refrigerant stocked in said stoock neans to said necked portion of

said gas-liquid separating neans.

(;entafluoroethane)
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