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circugt -i.n which a refrigerant flows through a conpressor, a

refrigerant,

~condenser, a supercooling heat exchanger for supercooling t he
an expansi on nechani sm and an evapor at or in this order.

10 BACKGROUND ART Referring to Fig. 10, as a
refrigerant circuit 301 of an air conditioner of the above type,

there is a

known one which includes a main circuit 306 having a

conpressor 302, a condenser 303, a double-pipe type heat 15 exchanger
310 for supercooling, a main expansion nechani sm 304, an evaporat or
305, a four-way changeover valve 309 andl - an accumul at or 308 arranged
in this order and a bypass
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AIR CONDITIONER

'TECHNICAL FIELD

The present invention relates to air
conditioners. The present invention. relates, in
particular, to an air conditioner having a refrigerant
circuit in which a refrigerant flows through a compressor,
a condenser, a supercooling heat exchanger for superéooling
the refrigerant, an expansion mechanism and an evaporator
in this order.

BACKGROUND ART

Referring to Fig. 10, as a refrigerant circuit
301 of an air cdnditroner of the above type, there is a
known one which includes é .maiﬁ circuit 306 having a
éompressor 302, a condenser 303, a double-pipe type heat

exchanger 310 for supercooling, a main expansion mechanism

- 304, an evaporator 305, a four-way changeover wvalve 309 and

an accumulator 308 arranged in this order and a bypass
circuit (indicated by dash lines) 313 which diverges from
the main circuit 306 at a junction 321 betﬁeen the
condenser 303 and the double-pipe type heat exchanger 316,
passes through a bypass expansion mechanism 312 and the
double-pipe type heat exchanger 310 and' joins the main
circuit 306 at a juncture 322 in the vicinity of the inlet

of the accumulator 308. A single refrigerant such as HCFC



circuist ¢indicated by dash [ines) 313 which diverges from the main
cifrcuit 306 at a junction 321 between the 20 condenser 303 and the
doubl e- pi pe type heat exchanger 310, passes through a bypass
expansi on nmechani sm 312 and the * doubl e- pi pe type heat exchanger 310
and joins the main circuit 306 at a juncture 322 in the vicinity of

the inlet
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of the accunulator 308. A single refrigerant such as HCFC

(hydrochlorofluorocarbon) 22 has conventionally been used
as the refrigerant. The refrigerant discharged from the
compressor 302 is condensed by the condenser 303 (which
discharges heat to, for example, the outdoor air) and
diverges at the junction 321 into a main-flow refrigerant
which flows through the main circuit 306 and a bypass-flow
refrigerant which flows through the bypass circuit 313.
This main—flbw refrigerant is supercooled by heat exchange
with the bypass-flow refrigerant that has passed through
the bypass expansion mechanism 312 in the double-pipe type

heat exchanger 310 and thereafter reduced in pressure by

.the main expansion mechanism 304. Then, the main-flow

refrigerant is évaporated by the evaporator 305 (which
absorbs heat from, for example, the indoor air) aﬁd sucked
into the compressor \302 through the four-way changeover
valve 309 and the accumulatorl 308 for executing a gas-

liquid separating operation. On the other hand, the

'bypass-flow refrigerant is reduced in pressure through the

bypass expansion mechanism 312 and thereafter evaporated by
heat exchange with the main-flow refrigerant in the double-
pipe type heat exchanger 310. Subsequently,-the bypass-
flow refrigerant joins the main-floﬁ refrigerant at the
juncture 322 in the vicinity of the inlet'.of the

accumulator 308.



2,

(hydrochlorofluorocarbon) 22 has Cohvehtionally been used

as the refrigerant. The refrigerant discharged fromthe conpr essor
302 is condensed by the condenser. 303 (which di scharges heat to,

for exanple, thé outdoor air) and 5 di verges at the junction 321 into
a~main-flow refrigerant which flows through the main circuit 306 and

a bypass-fl ow

refrigerant which flows through the bypass circuit

313. This main-flow refrigerant is supercool ed by heat exchange
with the bypass-flow refrigerant that has passed through 10 t he bypass
expansi on nechani sm 312 in the doubl e-pi pe-type
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By thus supercooling the main-flow refrigerant in
the double-pipe type heat exchanger 310, .a refrigerating
effect to be produced by the main-flow refrigerant can be
increased as cbmpared with the case where no supercooling
is executed. Furthermore, by diverging the bypass £flow
from the refrigerant flow, the volumetric flow rate of the
main-flow refrigerant is reduced. Therefore, as indicated
by a pressure to specific enthalpy diagram (referred to as
a "Ph diagram" hereinafter) shown in Fig. 11B, a pressure
loss AP can be reduced inside the evaporator 305 and at the
inlet side pipe of the compressor 302 (for the sake of
comparison, a pressure loss AP, in the case where no
supercooling is executed is shown in Fig. 113).
Accordingly, the refrigerating capacity of the system can
Ee improved. It is to be noted that the portions denoted
by A, B and C in Fig. 11B correspond to the states at the
points A, B énd C in.the vicinity of the juncture 322 of
the refrigerant circuit 301 shown in Fig. 10. As is
clearly shown in Fig. 11C that is an enlarged view of part
of Fig. 11B, the bypass-flow refrigerént reaching the point
A and the main-flow fefrigerant reéching the point B join
together, thereby obtaining the state at the point C.

Thére is a constant demand for increasing the

refrigerating capacity of the air conditioner, and there is



heat .exchanger 310 and thereafter reduced in pressure by the main

exXpansi on nechani sm 304. Then, the main-flow refrigerant is
evapor at ed by the evaporator 305 (which absorbs heat from for :
exanpl e, the indoor air) and sucked 15 into the conpressor 302 through
t he four-way changeover val ve 309 and the accunulator 308 for
executing a gas- liquid separating operation. the other
hand, the bypass-flow refrigerant is reduced. in prco =1t hr ough

t he bypass expansi on nmechani sm 312 and theyigastisT Bk%;ﬁg tled by 20
heat exchange with the main-flow refrigefant in}|the cgppphEED pi pe
type heat exchanger 310. Subsequently, the b 11 ow

refrigerant joins the main-flow refrigerant at the

no limitation on the demand for increasing the
refrigerating capacity.
DISCLOSURE OF THE INVENTION
The object of the present invention is to improve
5 the refrigerating capacity further than in the prior arts.
In order to achieve the above object, the present
invention provides an air conditioner having a refrigerant
circuit in which a refrigerant flows through a compressor,
a condenser, a supercooling heat exchanger, a first
10 expansion mechanism and an evaporator in this order,
wherein a nonazeotrope refrigerant is wused as the
refrigerant. |
In this air conditioner, the boiling points of
refriéerants constituting the nonazeotrope iefrigerant
15 aiffer from each other, and therefore, a gradient
(inclination to the specific enthalpy axis, referred to as
a "temperature gradient" hereinafter) is generated at the
isothermal line in a dual-phase region (wet steam range) of
a Ph diagfam representing the state of the refrigerant.
20 Due to the temperature gradient in this dual-phase region,
the inlet temperature of the evaporator is reduced as
compared with the case where a single refrigerant is used.
Therefore, a temperature . difference between the fluid
(indoor air, fpr example) whose heat is absorbed by the

25 = evaporator and the refrigerant passing through the
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juncture 322 in the vicinity of the inlet of the accunul at or 308.

- 3- By thus supercooling the main-flowrefrigerant in
t he doubl e-pi pe type heat exchanger 310, a refrigerating effect to
be produced by the main-flow refrigerant can be

THIS SHEET HAS BEEN
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evapérator becomes great, thereby increasing the heat
exchanging ability of the evaporator. As a result, the
refrigerating capacity imﬁroving effect due to supercooling
is further increased by the quantity of increase of the

5 heat exchanging ability of the evaporator as compared with
the case where a single refrigerant is used.

In an air. conditioner of one embodiment, the
refrigerant circuit has a bypass circuit which diverges
from a main circuit between the condenser and the first

10 . expansion mechanism and joins the main circuit on the inlet
side of the compressor and includes a second'“éxpansiOn
mechanism in the bypass circuit, and the supercooling heat
exchanger executes heat exchange between a main-flow
'refrigerant flowing through the main circuit and a bypass-

15 flow refrigerant that has passed through the second

l expansion mechanism and flows through the bypass circuit.

In this air conditioner, the main-flow
refrigerant can be supercooled with a simple circuit
construction utilizing the bypass-flow refrigerant that has

20 passed through the second expansion mechanism.

Further, in an air conditioner of one embodiment,
the byﬁass circuit diverges from the main circuit between
the condenser and the supercqoling heat exchanger.

In this air conditioner, the object to be

25 supefcooled by the supercooling heat exchanger becomes only

" This Sheet Has Been ‘Replaced




increased as conpared with the case where no supercooling 5 S
execut ed. Furthernore, by diverging the bypass flow fromthe
refrigerant flow, the volunetric flow rate of the mai n-f | ow
refrigerant is reduced. Therefore, as indicated by a pressure to
specific enthal py diagram (referred to as a "Ph diagrant
hereinafter) shown in Fig. |11B, a pressure 10 | oss AP can be reduced
i nside the evaporator 305 and at the i nlet—si-de—pi t fihe
conpressor 302 (for the sake of conpar i sTHiS SHﬁaéﬁgﬁﬁ N Ss
[err]P[err] in the case where no - &uper cpol i nREPLACER:xecutled s’
shown in Fig. 11A). - Accordingly, t €rating capacity of
éhe syzten1can 15 be i nproved. It is to be noted that the portions
enot e

the main-flow refrigerant, and therefore, the size of the
supercooling heat exchanger is allowed to be relatively
small.

In an air conditioner of another embodiment, the

5 bypass circuit diverges from the main circuit between the
supercooling heat exchanger and the first expansion
méchanism.

In this air conditioner, the bypass-flow
réfrigerant that has passed through the supercooling heat

10 exchanger and is thereafter made to diverge from the main-
flow refrigerant enters the second expansion mechanism, and
this reduces the possibility of the entry of the dual-phase
flow into the second expansion mechanism. Therefore, the
second ekpansion mechanism has no chance to cause hunting

15 énd hence operates stably.

In an air conditioner of one embbdiment, ‘the
supercooling heat exchanger is a counter flow type heat
exchanger in which the maiﬁ-flow refrigerant and the
bypass-flow refrigerant flow in opposite directions with

20 interposition of a wall having a heat transfer property.

In this air conditioner, an average temperéture
difference between the main-flow refrigerant and the
bypass-flow refrigerant which are prqvided by the
nonazeotrope refrigerant becomes relatively great on both

25 sides of the wall which belongs to the supercooling heat

This Sheet Has Been Re’ilaced




by A.Band Cin Fig. |1B correspond to the states at the poi nts A,

B*and Cin the vicinity of the juncture 322 of the refrigerant
circuit 301 shown in Fig. 10. As is clearly shown in Fig. 11C
that is an enlarged view of part 20 of Fig. 11B, the bypass-fl ow
réfrigerant reaching the point A and the main-flow refrigerant
reaching the point Bjoin together, thereby obtaining the state at
the point C There is a constant demand far.idfcreasing the
refrigerating capacity of the air conditionerf 11AQGHEREIHAS 8EEN

-7 'REPLAGED

exchanger and has a heat transfer property. For instance,

the temperature difference becomes greater than the average

temperature difference in the case of a parallel flow type

heat exchanger. As a result, the capacity of the
5 supercooling heat exchanger improves.

In an air conditioner of another embodiment, the
supercooling heat exchanger supercools the refrigerant by
means of low-temperature heat stored in ice.

In this air conditioner, the supercooling heat

10 exchanger supercools the refrigerant by means of the. low-
temperature heat stored in the . ice. Therefore, the
refrigerant can be effectively supercooled.

In an air conditioner of another embodiment, the
supercooling heat exéhahger of the refrigerant circuit

15 éupercools the reffigerant by means of low-temperature heat
supplied from another refrigerant circuit.

In this air conditioner, the supercooling heat
exchanger of the refrigerant circuit supercools the
refrigerant by means of the low-temperature heat supplied

20 from another refrigerant circuit, and therefore, the
refrigerant can be effectively supercooled.
BRIEF DESCRIPTION OF THE DRAWINGS

‘Fig. 1A is a diagram showing the construction of

a refrigerant circuit of an air conditioner according to a

25 first embodiment of the present 1nvent10n,

Thls Sheet Has Been Re||i||




4 «.* no limtation on the demand for increasing the refrigerating
capacity. - DI SCLOSURE OF THE | NVENTI ON 5 The object of the
present invention i's to inprove the refrigerating capacity further than
in the prior arts. I n accordance with the invention, there is

provi ded an air conditioner having a refrigerant circuit in which a
refrigerant flows through a conpressor, a condenser, a 10 supercooling heat
exchanger, a first expansion nechani smand an evaporator ln.thi-§ order,
wherein a nonazeotrope refrigerant is used as ﬂﬂsf EEWg\QaASﬂSEEN nd wher ein
t he supercooling heat exchanger super&ools fher | A&t by neans of

| ow-t enperature heat stored in ice. ROttt ct, there
is provided an air conditioner having a refrigerant circuit in 15 whi ch a
refrigerant flows through a conpressor, a cogdenser a supercoolhng hegt
exchanger, a first expansio nechanls and an qrator I n I s order,
mherelg a nonazeotrope ¥ *Fof rrgerdht & Iaiﬁﬂf §%€ &G | Ger BRAL fic@tion

wherein the Slégg‘a[nﬁ%)é '@ {l@é‘ta}?&ﬂ?@%ié)eranm circult;

Fig. 2 is a Ph diagram showing a refrigeration

cycle of the refrigerant circuit of Fig. 1A;

5 Fig. 3 is a graph for explaining the heat
exchanging ability of an evaporator in the reffigerént
circuit of Fig. 1A;

Fig. 4A is a diagram showing the construction of
a double-pipe type heat exchanger of the refrigerant

10 circuit of Fig. 1;

Fig. 4B.is_a diagram for explaining a refrigerant
temperature in a counter flow type heat exchanger;.

Fig. 4C is a diagram for explaining a refrigerant
temperature in a parallel fiow type heat exchanger;

15 | Fig._S is a diagram showing the construction of a
refrigerant circuit in which the double-pipe type heat
exchanger is wused as a gas-liquid heat exchanger for
comparison with the refrigerant circuit of Fig. 1A;

Fig. 6 is a Ph diagram showing a refrigeration

20 cycle of the refrigerant circuit of Fig. 5;

Figs. 7A and 7B are graphs showing a comparison
‘between the refrigeration cycle of the refrigerant circuit
of Fig. 1A and the refrigeration cycle of the refrigerant

circuit of Fig. 5;

This Sheet Has Been Re(ilac




refrigerant circuit supercools the refrigerant by neans of |owtenperature
héat supplied from another refrigerant circuit. 20 BRI EF DESCRI PTI ON

OF THE DRAW NGS ' Fig. 1A is a diagramshowi ng the construction
of arefrigerant circuit of an air conditi oner according to a first
eibodi nent of the present invention;
-5-
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Fig. 8 is a diagram showing the construction of a
refrigerant circuit of an air conditioner according to a
second embodiment of the present invention;

Fig. 9 is a diagram showing the construction of a
refrigerant circuit.of an air conditioner according to a
third embodiment of the present invention;

Fig. 10 is a diagram showing the construction of
a refrigerant circuit of a prior art air conditioner;

Fig. 1l1A is a Ph diagram showing the normal
refrigeration cycle in which no supercooling is executed;

Fig. 11B is a Ph diagram showing the
refrigeration cycle of the refrigerant circuit of Fig. 10;
and

Fig; 11C is an enlarged vieﬁ of part of the
refrigeration cycle of Fig. 11B.

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the air conditioner of the present
invention will be described in detail be{gr'with reference
to the accompanying drawings.

(First Embodiﬁent)

Referring to Fig. 1A, an air conditioner
according to one embodiment of the present invention has a
refrigerant circuit 1 including a main circuit 6 and a
bypass circuit (indicated by dash lines). 13. As a

refrigerant to be circulated __through the refrigerant

This Sheet Has Been Reilac
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Fig. \IB is a diagramshow ng a nodification exanpl e of the above

refrigerant circuit; Fig. 2 is a Ph diagram show ng a
refrigeration " cycle of the refrigerant circuit of Fig 1A 5
Fig. 3 is a graph for explaining the heat . exchanging ability
of an evaporator in the refrigerant circuit of Fig. 1A

Fig. 4A is a diagram show ng the construction of a double pi pe type

heat exchanger of the refrigerant 10 Ci r cupt—of—F
Fig. 4B is a diagramfor explaining a riforl ger hhdlS SHE&' H %rﬁ?‘gr ure in a

counter flow type heat exchanger; -

circuit 1, a nonazeotrope refrigerant comprised of R-
32/134a or R-407C is used.

The main circuit 6 has a compressor 2, a

condenser 3, a double-pipe type heat exchanger 10 which

‘5 serves as a supercooling heat exchanger, a main expansion

mechanism 4 which serves as a first expansion mechanism, an

evaporator 5, a four-way changeover wvalve 9 and an

accumulator 8 in this order. The bypass circuit 13

diverges from the main circuit 6 at a junction 21 between

10 the condenser 3 and the double-pipe type heat exchanger 10,

passes through the bypass expansion mechanism 12 which

serves.as a second expansion mechanism and the double-pipe

type heat exchanger 10 and joins the main circuit 6 at a

juncture 22 in the viciﬁity' 6f the accumulator 8. The

15 aouble—pipe type heat exchanger 10 executes heat exchange

between a main-flow refrigerant which flows through the

main circuit 6 and a bypass-flow refrigerant that has

passed through the bypass expansion mechanism 12 and flows

through the bypass circuit 13. That 1is, the main-flow

20 refrigerant is supercooled with a simple. circuit

construction utilizing the bypass-flow refrigerant that has

passed through the bypass expansion mechanism 12. In

detail, as schematically shown in Fig. 4A, the double-pipe

type heat exchanger 10 has an inner pipe 10a and an outer

25 pipe 10b  provided concentrically around this inner pipe

This Sheet Has Been Reilaced
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Fig. 4C-is a diagramfor explaining a refrigerant tenperature in a

paral lel flow type heat exchanger; 15 Fig. 5 i1s a diagram
showi ng the construction of a refrigerant circuit in which the
doubl e- pi pe type heat exchanger is used as a gas-liquid heat
exchanger for conparison with the refrigerant circuit of Fig. 1A
Fig. 6 is a Ph diagramshowing a refrigeration 20 cycle of - the
refrigerant circuit of Fig. 5; ) Figs. 7A and 7B ate graphs
showi ng a compari son between the refrigerdtjHe SHEET eHAS BEENE
refrigerant circuit of Fig. 1A andlthe refrigerﬁtpgnmgycle f the

refrigerant
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circuit of Fig. 5;

10a. The directions in which the refrigerants flow are set
so that the bypass-flow refrigerant flowing through the
inner pipe 10a and the main-flow refrigerant £lowing
through a ring-shaped space 10c between the inner pipe 10a
and the outer pipe 10b flow in opposite directions with
interposition of the pipe wall of the inner pipe 10a having
a heat transfer property (counter flow type heat
exchanger). When such a counter flow type heat.exchanger
10 is used, as shown in Fig. 4B, an average temperature
difference relevant to the flow direction between the main-
flow refrigerant and the bypass-flow refrigerant becomes
relatively great on both sides of the pipe wall of the
inner pipe 10a 'having a heat transfer property. For
instance, the temperature difference becomes greater than
ﬁhe average temperature difference in the case of the
parallel flow type heat exchanger shown in Fig. 4C. As a
result, the capacity of the heat exchanger 10 can be
improved.

The refrigerant discharged from the compressor 2
shown in Fig. 1A is condensed by the condenser 3 (which

discharges heat to, for example, outdoor air) and diverges

at the junction 21 into the main-flow refrigerant flowing

through the main circuit 6 and the bypass-flow refrigerant

flowing through the bypass circuit 13. This main-flow

- refrigerant is supercooled by heat exchange with the

This Sheet Has Been Reilaced
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Fig. 8 is a diagram show ng the construction of

refrigerant circuit of an air conditioner according to a

second enbodi ment of the present invention; Fig. 9is a
di agram showi ng the construction of a 5 refrigerant circuit of an air
conditioner according to a

10
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20
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bypass-flow refrigerant that has passed through the bypass
expansion mechanism 12 in the heat exchanger 10 and
thereafter reduced in pressure by the main expansion
mechanism 4. -Then, the main-flow refrigerant is evaporated
by the evaporator 5 (which absorbs heat from, for example,
indoor air) and sucked into the compressor 2 through the
four-way changeover valve 9 and the accumulator 8 for
executing a gas-liquid separating operation. On the other
hand, the bypass-flow refrigerant is reduced in pressure
through the bypass exXpansion mechanism 12 and thereafter
evaporated by heat exchange with the main-flow refrigerant
in the heat exchanger 10. Subsequently, the bypass-flow
refrigerant joins_' the main-flow refrigerant at the juncture
22 in the vicinity of the accumulator 8.

| By thus supercooling the main-flow refrigerant in
the heat exchanger 10, the refrigerating effect by the
main-flow refrigerant can be increased as compared wii:h the
case where no supercooling is executed. Furthermore, by
diverging the bypass flow from the refrigerant £flow, the
volumetrlc flow rate of the main-flow refrigerant is
reduced. Therefore, as indicated by a pressure to specific
enthalpy diagram (Ph diagram) shown in Fig. 2, a pressure
loss AP can be reducéd inside the evaporator 5 and at the
inlet side pipe of the compressor 2 as compared with the

case where no supercooling is executed (see Fig. 11A).

Thls Sheet Has Been Replaced




t hi r.¢ enbodi nent of the present invention; | : Fig. 10 is a

di agram showi ng the construction of a refrigerant circuit of a
~prior art air conditioner; Fig. 11Ais a Ph diagram
“showi ng the normal 10 refrigeration cycle in which no supercooling is

execut ed; Fig. IIB is a Pnh diragram show ng

t he refrigeration cycle of the refrigerant circuit of Fig. 10;

and Fig. 11Cis an enlarged view of part of the 15

refrigeration cycle of Fig. 11B. BE %E—mm G QUT THE

| NVENTI ON Embodi nent $3of- t hEHISi #H SYrY of the

pr esent REPLAGED

Accordingly, the refrigerating capacity of the system can

be improved. It is to be noted that the portions denoted

by A, B and C in Fig. 2 correspond to the states at the

points A, B and C in the vicinity of the juncture 22 of the
5 refrigerant circuit 1 shown in Fig. 1A.

Furthermore, the boil iné points of the
refrigerants constituting the nonazeotrope refrigerant
flowing through the refrigerant circuit 1 differ fi‘om each
other, and therefore, a gradient (inclination to the

10 specific enthalpy axis, referred to as a "temperature
gradient" hereinafter) is lgenerated at isothermal lines in
the dual-phase region (wet steam range) of the Ph dié.gfam
shown in. Fig. 2. Due to the temperature gradient in this
'dual—phase-region, the inlet temperature of the evaporator

‘15 5 is reduced as .compared with the case where a single
refrigerant is used. - Therefore, a temperature difference
between the fluid (for example, the indoor air passing in
contact with the fins of the evaporator) whose heat is
absorbed by the evaporator 5 and the refrigerant passing

20 through the evaporator 5 becomes great, thereby increasing
the heat exchanging ability of the evaporétor 5. For
example, as shown in Fig. 3, if the inlet temperature of
the evaporator 5 is reduced by 2 degrees, then the heat
exchanging ability of the evaporator 5 increases by about

25 15%. As a result, the refrigerating capacity improving
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invention will be described in detail bel ow wi th reference to the
acconpanyi ng drawi ngs. 20 (First Enbodi nent)

Referring

Fig. 1A an air conditioner according to one

enbodi rent of the present invention has a refrigerant circuit 1
including a main circuit 6 and a bypass circuit (indicated by

dash i nes)
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13. As a 25 refrigerant to be circulated through
the refrigerant S

[THiS SHEST HAS BEEN

D REPLAGED

effect due to supercocling can be further increased by the
quantity of the increase of the heat exchanging ability of
the evaporator 5 as compared with the case where a single
reffigerant is used. Furthermore, as shown in Fig. 1A, the
bypass circuit 13 diverges from the main circuit 6 between
the condenser 3 and the heat exchanger 10, and therefore,
the object to be supercooled by the heat exchangef 10
becomes only the main-flow refrigerant. Therefore, the
size of the heat exchanger 10 is allowed to be relatively
small. |

It is to be noted that, as shown in Fig. 1B, the
bypass circuit 13 may diverge from the main circuit 6
between the heat exchanger 10 and the main expansion
mechanism 4 (at é junction 212). In this case, the bypass—'
flow refri§erant diverging from the main-flow refrigerant
after. passing thréugh the heat exchanger 10 enters the
bypass expansion mechanism 12, and this reduces the
possibility of the entry of the dhal—phase flow into the
bypass expansion mechanism 12. Therefore, the bypass
expansion mechanism 12 has no chance to cause hunting and
hence operates stably.

As described above, the heat exchanger 10
executes heat exchange between the main-flow refrigerant

flowing through the main circuit 6 in a state in which it

is condensed by the condenser 3 and the bypass-flow

' This Sheet Has Been Replaced
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circuit 1, a nonazeotrope refrigerant conprised of R-

32/ 134a or R-407C i's used. The main circuit 6 has a

conpressor 2,
whi ch 5

a condenser 3, a doubl e-pi pe type heat exchanger 10
serves as a supercooling heat exchanger, a nmain expansion

mechani sm 4 whi ch serves as a first expansi on nechanism an

evaporator 5, a four-way changeover valve 9 and an accunul ator 8
in this order. The bypass circuit 13 __‘_'_’gLyaLge&m%ﬁonlthe mai n
circuit 6 at a junction 21 between " {THiS SHEET HAS BEEN

) REPLAGED
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refrigerant that has passed through the bypass expansion
mechanism 12. That is, the heat exchanger 10 basically
operates as a liquid-liquid heat exchanger for executing
heat exchange between the main-flow refrigerant that has
passed through the condenser 3 and is prior to its passing
through the evaporator 5 and the bypass-flow refrigerant.
In contrast to this, as shown in Fig. 5, it is acceptable
to operate the heat exchanger 10 as a gas-liquid heat
exchanger by means of a main-flow refrigerant of a gaseous
phase that has passed through the evapoi:ator 5 (on the
inlet side of thé compressor) so as to supercool the main-
flow refrigerant that has passed through the evaporator 5.
However, if a heat exchanger 10 as shown in Fig. 1A is
ope.rated as a liquid-liquid Heat exchanger, then an average
ﬁemperature difference ATm relevant to the flow direction
in the heat exchanger 10 as indicated by the Ph diagram in
Fig. 7A becomes greater due to the temperature gradient in
the dual-phase region than ATm (shown in Fig. 7B) in the
case where the heat exchanger is operated as a gas-liquid

heat exchanger. Therefore, the size of the heat exchanger

10 is allowed to be relatively small, causing no such

trouble that the degree of superheating on the inlet side
of the compressor 2 increases (see Fig. 6). As a result,

the refrigerating capacity improving effect by virtue of

- This Sheet Has Been Reilaced .
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10 .- the condenser 3 and the doubl e-pi pe type heat exchanger 10,

passes through the bypass expansi on nechani sm 12 which serves as a
second expansi on nmechani sm and t he doubl e- pi pe type heat exchanger

10 and joins the main circuit 6 at a juncture 22 in the vicinity of
the accunulator 8. The 15 doubl e- pi pe type heat exchanger 10 executes
heat exchange between a main-flow refrigerant which flows through

t he main circuit 6 and a bypass-flow refrigerant that h

passed t hrough the bypass expansi on nechani sm @@Sﬂﬁpm BEEN | through
Sl

the bypass circuit 13. That is, the ¥ain-fl rigerjant is
supercooled wth a sinple circuit onstr@ﬁﬁhA utidzi Ng t he
bypass-flow refrigerant that has

the use of the nonazeotrope refrigerant can be more
effectively produced.
(Second Embodiment)
F:Lg 8 shows an air conditioner of another
5 embodiment having a refrigerant circuit 101 for
supercooling a refrigerant by means of low-temperature heat
stored in ice. = This refrigerant circuit 101 includes a
main circuit 106 and a short-circuiting circuit 113. 2As a
refrigerant to be circulated through the refrigerant
10 circuit 101, a nonazeotrope refrigerant comprised of R-
32/134a or R-407C is used.
The main circuit 106 has a compressor 102, an
outdoor heat exchanger 103 which serves as a condenser, a
receiver 107 .for ﬁemporarily storing the refrigerant, a
15 éecond electronic expansion wvalve 112, a first electronic
expansion valve 104 which serves as a first expansion
mechanism, an indoor heat exchanger 105 which serves as an
evaporator and an accumulator 108 arranged in this order.
A | heat storing heat éxchanger 110 which sexrves as a
20 supercooling heat exchanger is connected in parallel with
the second electronic expansion valve 112. via ‘an outdoor
side connection end 110b and an indoor side connection end
110c of the heat storing heat exchanger 110. The heat

storing heat exchénger 110 is provided with a cooling pipe

25 10a which meanders in a perpendicular direction inside a
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passed through the bypass. expansion nechanism 12. In detail,
as schematically shown in Fig. 4A, the doubl e-pipe type heat
exchanger 10 has an inner pipe |0Oa and an outer 25 pi pe 1ob provided

concentrically around this inner pipe

.. 8 -

10

15

20

25

THIS SHEET HAS BEEN
" 177 | REPLACED

heat storage container 109 filled with water W which serves
as a heat storing medium. -In piping between the main body
109 of the heat storing heat exchanger 110 and the outdoor
side connection end 110b is inserted a first on-off valve
111. The short-circuiting ciréuit 113 diverges from
between the main body 1092 of the heat storing heat
exchanger 110 and the first on-off valve 111 and joins the

main circuit 106 in the vicinity of the accumulator 8. A

" second on-off valve 114 is inserted in this short-

circuiting circuit 113. Opening/closing operations of the
first on-off valve 111 and the second on-off valve 114 and
the degrees of opening of the first electronic expansion
valve 104 and the'seéond electronic expansion valve 112 are
controlled by an on-off conﬁrol ﬁeans 116 according to the
éperating state of.this air conditioner and signals from
thermistors Thl and Th2 and a pressure sensor Ps.

In a heat storing operation, the on-off control
means 116 brings the first on-off wvalve 111 into a closed
state, brings the second on-off valve 114 into an opened

state and brings the first electronic expansion valve 104

into a fully closed state, while the degreé of opening of

the second electronic expansion valve 112 is controlled
according to the signals from the thermistor Thl and the
pressure sensor Ps. In this stage, the refrigerant (whose

flow direction is indicated by the solid lines in Fig. 8)

: This Sheet Has Been Rer!aced'
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10a. - The.directions in which the refrigerants flow are set so t hat

the bypass-flow refrigerant fl-ow ng through the I nner pipe 10a and
the. main-flow refrigerant flow ng t hrough a ring-shaped space | Cc
between the inner pipe 10a 5 and the outer pipe I0b flow in opposite
directions with I nterposition of the pipe wall of the inner pipe
10a having a heat transfer property (counter flow type heat
exchanger). Wen such a counter flow type heat exchanger 10 is
used, as shown in Fig. 4B, an average tenperatu

rel evant to the flow direction between 0LBe-nai n; %H'SLEHEET gé EI ger ant
and the bypass-flow refrigerant becones relatﬂﬂﬂﬂ& reaf _pbn both
sides of the pipe wall of the i nner pipe 10a having a heat

transfer property. For

discharged from the compressor 102 is condensed by the
outdoor heat exchanger 103 and made to pass through the
receiver 107 and the second electronic expansion valve 112.
After being evaporated by heat exchange with the water W in
5 ' the heat storing heat exchanger 110, the refrigerant is
made to pass through tﬁe second on-off valve 114 of the
short-circuiting circuit 113 and sucked into the compressor
102 through the accumulator 108 of the main circuit 106.
The water W inside the heat storage container 109 is cooled

10 by heat exchange with the refrigerant which passes through
a cooling pipe 110a and adheres in the form of ice to the
surface of the cooling pipe 110a. By these operations,
low-temperature heat is stored in the heat storage
container 109. .

15 In a cooling operation for collecting the stored
low-temperature heat, the on-off control means 116 brings
the first on-off valve 111 into the opened state and brings
the second on-off valve 114 into the closed state, and the
degrees of opening of the first electronic expansion wvalve

20 104 and the second electronic expansion valve 112 are
controlled according-to the signals from the thermistor Th2
and the pressure sensor Ps. In this stage, the refrigerant
(whose flow direction is indicated by dash lines in Fig. 8)
discharged from the compressor 102 is condensed by the

25 outdoor heat exchanger 103 and made to pass through the

This Sheet Has Been Reilace

AR




i nstance, the tenperature difference becones greater than 15 t he

average tenperature difference in the case of the paral | el
flow type heat exchanger shown in Fig. 4C. As a result, the
capacity of the heat exchanger 10 can be I mproved. :

The refrigerant discharged fromthe conpressor 2 20 shown in Fig. 1A is
condensed by the condenser 3 (which di scharges heat to, for exanple,
out door air) and diverges at the junction 21 into the mai n-f | ow

refrigerant flow ng ' through the main cit pass-fl ow
refrigerant f1owi ng through thelBypass|qHi$ SHEET HAS BEETﬂh s mai n-f | ow
25 refrigerant is supercooled by heat jexchaggmACEDth

receiver 107. Subséquently, part of the refrigerant passes

through the second electronic expansion wvalve 112 and

reaches the junéture 110¢, while the remaining refrigerant

is made to pass from the junction 110b through the first

5 on-off valve 111, supercooled by heat exchange with the ice

generated during the heat storing operation in the heat

storing heat exchanger 110 and thereafter made to reach the

juncture 110c. In this stage, a flow ratio of the

refrigerant which' passes through the second electronic

10 expansion valve 112 to the refrigerant which passes through

the heat storing heat exchanger 110 is determined depending

on the degree of opening of the second electronic expansion

valve 112. The heat storing heat exchanger 110 supercools

the. fefrigerant using the low-temperature heat stored in

15 ﬁhe ice, and therefore, the refrigerant which passes

through the <cooling pipe 110a can be effectively

supercooled. The refrigerant which joiné at the juncture

110¢ is reduced in -pressure by the first electronic

. expansion valve 104, thereafter evaporated by heat exchange

20 with the indoor air in the indoor heat exchanger 105 and
sucked into the compressor 2 throﬁgh the accumulator 8.

By thus supercooling the refrigerant in the heat

storing heat exchanger 110, thé refrigerating effect can be

increased as compared with the case where no supercooling

25 is executed. Furthermore, the boiling points of the
: !
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bypass-flow refrigerant that has passed through the bypass

expanélon'nechanlsnllz in the heat exchanger 10 and t hereafter
reduced in pressure by the nmain expansion mechani sm 4. Then, the
mai n-flow refrigerant is evaporated 5 by the evaporator S (which

absorbs heat from for exanple,
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15
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refrigerants constituting the nonazeotrope refrigerant
flowiﬁg into the indoor heat exchanger 105 differ from each
other, and thefefore, a gradient (inclination to the
specific enthalpy axis, referred to as a "temperature
gradient" hereinafter) is generated at the isothermal line
in the dual-phase region (wet steam range) of the Ph
diagram shown in Fig. 2. Due to the temperature gradient
in this dual-phase region, the inlet temperature of the
indoor heat exchanger 105 is reduced as compared with the
case where a single refrigerant is used. Therefore, é
temperature difference between the indoor air whose heat is
absorbed by the indoor heat exchanger 105 and the
refrlgerant pa881ng through the indoor heat exchanger 105
becomes great, thereby increasing the heat exchanglng
ébility of the iﬁdoor heat exchanger 105. As a result, the
refrigerating capacity iﬁproving effect due to supercooling
can be further increased by the quantity of increase of the
heat exchanging ability of the indoor heat exchanger 105 as
compared with the case wheré a.single refrigerant is used.
To execute the normal cooling operation without
éollecting the stored heat, it is proper to bring-the first
on-off valve 111 and the second on-off valve 114 into the
closed state, bring the sécﬁnd electronic expansion wvalve
112 into the full-open state by the on-off control means

116 and control the degree of opening of the first
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I ndoor air) and sucked into the conpressor 2 tﬁfough t he f our - way

changeover valve 9 and the accunulator 8 for executing a
gas-liquid separating operation. On the other hand, the
bypass-flow refrigerant is reduced in pressure 10 t hrough t he bypass
expansi on nechani sm 12 and thereafter evapor at ed by heat exchange
with the main-flow refrigerant _ in the heat exchanger 10.
Subsequently, the bypass-fl ow refrigerant joins the mai n-f | ow
refrigerant at the juncture 22 in the weht cunul at or
8. 15 By thus supercooli R the rrai'lrhlsfslfbéﬂr@f"é‘ %@ﬁ nt in
the heat exchanger 10, the refrigerating effecf by tREPLAGED - ai n-f | ow

refrigerant can be increased as conpared with e

electronic expansion valve 104 according to the signals
from the thermistor Th2 and the pressure sensor Ps. In
this stage, the refrigerant discharged from the compressor
102 is condensed by the outdoor heat exchanger 103, made to
5 pass through the receiver 107 and the second electronic
expansion valve 112, evaporated by the indoor heat
exchanger 105 and sucked into the compressor 102 through
the accumulator 108.
(Third Embodiment)

10 Fig. 9 shows an air conditioner of another
embodiment having a refrigerant circuit for supercooling a
refrigerant by means of low-temperature heat supplied from
another refrigerant circuit.

This air conditioner has one outdoor unit -A

15 including. _two devices H and I having identical
constructions, two indoor units B and C connected to ome
device H of the outdoor unit A and two indoor units D.and E
connected to the other device I of the outdoor unit A.

The one device H of the outdoor unit ‘A has é

20 construction in which an accumulator 208, é compressor 201

" driven by an inverter 207, alfour—way changeover valve 202,
an outdoor heat exchanger 203, a supercooling heat
exchanger 225, a check valve 209 which allows the

refrigerant to pass in only one direction (the direction

25 indicated by the golid lines in the figure) in a cooling
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case.where no supercooling is executed. Furt hernore, by di vergi ng

the bypass flow fromthe refrigerant flow, the 20 volunetric flow
rate of the min-flow refrigerant is reduced. Therefore, as
i ndicated by a pressure to specific ent hal py di agram (Ph di agram
shown in Fig. 2, a pressure | oss [err] P can be reduced inside the
evaporator 5 and at the I nl et side pipe of the conpressor 2 as
conpared with the 25 case where no supercooling is executed (see Fig.
11A).

) _5a . | THIS SHEET HAS BEEN

REPLACED

operation and an expansion mechanism 204 for a heating
operaEion connected in parallel with this check wvalve 209
are connected together by way of a refrigerant pipe 205.
Similarly, the other device I has a construction in which
5 an accumulator 208, a compressor 201 driven by an inverter
207, a four-way changeover valve 202, an outdoor heat
exchanger 203, a supercooling heat exchanger 225B, a check
valve 209 which allows the refrigerant to pass in .only one
- direction in a cooling operation and an expansion mechanism
10 204 for a heating operation connected in parallel with this
check wvalve 209 are connected together by way of a
refrigerant pipe 205. The indoor units B, C, D and E have
identical internal constructions in which an indoor heat
exchanger 210, a check wvalve 213 wi'lich allows the
15 refri.gerant to pass in the heating operation only in the
direction opposite to the direction of the cooling
operation and an expansion mechanism 211 for the cooling
operation connected in parallel with this check valve 213
are connected together by way of a refrigerant pipe 212.

20 The following will describe the cooling operation.
‘The indoor units B and C are "connected in
parallel with each other by-v;ey of refrigerant pipes 215
and 215 and are connected to the one device H of the
outdoor unit A by way of other refrigerant pipes 216 and

25 . 216 while allowing the refrigerant to circulate, thereby
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- 10. - . Accordingly, the refrigerating capacity of the system can

be inproved. It is to be noted that the portions denoted . by A, B
and Cin Fig. 2 correspond to the states at the ~ points A B and C
in the vicinity of the juncture 22 of the 5 refrigerant circuit 1
shown in Fig. 1A Furt her nor e, t he boi Ii ng poi nts
of t he refrigerants constituting the nonazeotrope refrigerant
flowi ng through the refrigerant circuit 1 differ from each ot her
and therefore, a gradient (inclination to the

| ~ 23 = | THIS SHEET HAS BEEN
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forming one refrigerant circuit 217. 'Similarly, the indoor
units D and E are connected in parallel with each other by
way of refrigerant pipes 218 and 218 and are connected to

the other device I of the outdoor unit A by way of other

5 refrigerant pipes 219 and 219 while allowing the
refrigerant to circulate, thereby forming ~ another
refrigerant circuit 220. On the 1inlet =side (in the

vicinity of the refrigerant inlet of the outdoor unit A) of
the compressor 201 of the refrigerant circuits 217 and 220
10 are provided pressure sensors 235 and 236, respectively,
for detecting the operating states of the respective
refrigerant circuits.
As the iefrigerant to be circulated through these
refrigerant circuits 217 and 220, a nonazeoﬁrope‘
15 refrigerant comprised of R-32/134a or R-407C is used.
Between the refrigerant circuit 217 on the device
H side and the refrigerant circuit 220 on the device I side
are provided bypass circuits 230 and 230B. The bypass
circuit 230 (having refrigerant pipes 227 and 228) diverges
20 from the downstream side (in the vicinity of the outlet in
the cooiing operation) of the outdoor heat exchanger 203 of
the refrigerant circuit 220, passes through an on-off valve
231, an expansion mechanism 226 and a supercooling heat
exchangér 225 of the refrigerant circuit 217 and joins its

25 refrigerant circuit 220 in the vicinity of the inlet of the

This Sheet Has Been Reﬂlaced _
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10 . specific enthalpy axis, referred to as a "tenperature

gradient” hereinafter) is generated at isothermal lines in t he
dual - phase region (wet steamrange) of the Ph diagram shown in Fig.
2. Due to the tenperature gradient in this dual - phase region, the
I hl et tenperature of the evaporator 15 5 is reduced as conpared with
the case where a single refrigerant is used. Therefore, a
tenperature difference between the fluid (for exanple, the indoor
air passing in contact with the fins of the evaporator) whose heat

t hrough the evaporator 5 becones great, thereb t he heat
exchanging ability of the evaporator 5. For

S absorbed by the evaporator -S%d-thr‘s $%@ §§ gteh ing 20
C |

accumulator 208 of the ref:igerant circuit 220. The bypass

circuit 230B (having refrigerant pipes 227B and 228B)

diverges from the downstream side (in the vicinity.of the

outlet in the cooling operation) of the outdoor heat

5 éxchanger 203 of the refrigerant circuit 217, passes

through an on-off valve 231B, an expansion mechanism 226B

and a supercooling heaﬁ exchanger 225B of the refrigerant

circuit 220 and joins its refrigerant circuit 217 in the

vicinity of the inlet of the accumulator 208 of the

10 refrigerant circuit 217. The supercooling heat exchanger

225 is constructed similar to, for examﬁle, the double-pipe

type heat exchanger 10 shown in Fig. 4A and.executes heat

exchange between the main-flow refrigerant flowing through

tﬁe refrigerant circuit 217 and the bypass—flow refrigerant

15 flowing through the bypass circuit 230 which diverges from

the refrigerant circuit 220. On the other hand, the

supercooling heat exchanger 225B executes heat exchange

between the main-flow refrigerant £lowing 'through the

refrigerant circuit 220 and the bypass-flow refrigerant

20 flowing through the bypass circuit 230B which diverges from
the refrigerant circuit 217.

In the normal cooling operation in which no

supercooling is executed, the on-off valves 231 and 231B of

the bypass circuits 250 and 230B are brought into the

25 closed state by a control means (not shown). In this
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exanple, .as shown in Fig. 3, if the inlet tenperature of t he
evaporator 5 is reduced by 2 degrees, then the heat exchangi ng
ability of the evaporator 5 increases by about 25  15% As a result,
the refrigerating capacity inproving

- 11 -

10

15

20

25

- 25 - THIS SHEET HAS BEEN
REPLACED

stage, the Trefrigerant circuit 217 and the refrigerant
circuit 220 execute cooling operations independently of
each other. 1In, for example, the refrigerant' circuit 220,
the refrigeranﬁ (whose flow direction is indicated by the
solid lines in Fig. 9) discharged from the compressor 201
ie condensed by the outdoor heat exchanger 203 which
operates as a condenser and made to pas.s through the heat
exchanger 225B in the state in which it executes no heat
exchange and the check wvalve 2b9. Subsequently, the
refrigerant is <reduced in pressure by the  expansion
mechanism 211 of the indoor units P and E, evaporated by
the indoor heat exchanger 210 which operates aé' an
evapbrator, and sucked into the compressor 201 through the
a_.cc.umulato.r 20’8- of the outdoor unit A. The same operation
ig executed in the refrigerant circuit 217.

Assume now that a decision is made so that there
is a surplus of low-temperature heat on, for example, the
refrigerant circuit 217 side and there is a shortage of
low-temperature heat on. the refrigerant circuit 220 side
based on the outputs of the pressure sensors 235 and 236
while the refrigerant circuits 217 and 220 are executing
the cooling operations. " Accorxding to thi_s result of
decision, the control means brings the on-off valve 231

into the closed state and brings the on-off valve 231B into

the opened state, 'thereby shifting the operation of the
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effect due to supercooling can be further increased by the quantity

of the increase of the heat exchanging ability of the evaporator 5
as conpared with the case where a single refrigerant is used.
Furthernore, as shown in Fig. 1A, the 5 bypass circuit 13 diverges
fromthe main circuit 6 between t he condenser 3 and the heat
exchanger 10, and therefore, t he object to be supercool ed by the
heat exchanger 10 beconmes only the main-flow refrigerant.
Therefore, the size of the heat excha Ls_allowed to be
relatively 10 smal | . - 26 Lt i3 THS ISRIERPTHAS BFENE} as shown
in Fig. 1B, the bypass circuit 13 nay di ver gggpiagppthe nhin circuit
6 bet ween the heat exchanger 10 and t heé—red '

" refrigerant circuit 220 into the cooling operation for
execufing supercooling. In this stage, part of the
refrigerant flowing through the refrigerant circuit 217
diverges to flow as a bypass-flow refrigerant (whose flow

5 direction is indicated by désh lines in Fig. 9) through the
bypass circuit 230B. As a result, the supercooling heat
exchanger 225B executes heat exchange between the main-flow
refrigerant flowing through the refrigerant circuit 220 and
the bypass-flow refrigerant flowing through thel bypass

10 circuit 230B. That is, in the.refrigerant circuit 220, the
refrigerant discharged from the compressor 201 is condensed
by the outdoor heat exchanger 203 which operates as a
condenser and sﬁpercooled by the heat exchanger 225B.
Then, the reffigerant passes thréugh the check valve 209.

15 Subsequently, the refrigerant is reduced in pressure by the
expansion mechanisms 211 of the indoor units D and E,
evaporated by the indoor heat exchanger 210 which operates
as an evaporator and then sucked into the compressdr 201
through the accumulator 208 of the outdoor unit A.

20 ' o As described above, by supercooling the
refrigerant in the heat exchanger 225B, the refrigerating
effect can be increased as compared with the case where no
supercooling is executed. Furthermore, the boiling points
of the 'refrigerants constituting the nonazeotrope

25 refrigerant flowing into the indoor heat exchanger 210
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mechanism 4 (at a junction 21A). In this case, the bypass- 15 flow
refrigerant diverging fromthe main-flow refrigerant af ter passing
t hrough the heat exchanger 10 enters the bypass expansi on nmechani sm
12, and this reduces the possibility of the entry of the dual - phase
flowinto the bypass expansion nechanism 12. Therefore, the
bypass 20 expansi on nmechani sm 12 has no chance to cause hunting and

hence operates stably. As descrrﬁﬁg Tanve the. heat
exchanger 10 execut es heat exchange betwgen rﬁé{tﬁgl%& BBEN
refrigerant flowng through the 28 r circuiti 6 BPLACEDate i p which
it 25 Is condensed by the condenser 3 and the Dbypass—t ow

differ from each other, and therefore, a gradient

(inclination to the specific enthalpy axis, referred to as

a "temperature gradient" 'hereinafter) is generated at the

isothermal line in a dual-phase region (wet steam range) of

5 the Ph diagram shown in Fig. 2. Due to the temperature

gradient in this dual-phase region, the inlet temperature

of the indoor heat exchanger 210 is reduced as compared

with the case where a single refrigerant i1is used.

Therefore, a femperature difference between the indoor air

10 whose heat is absorbed by the indoor heat exchanger 210 and

the refrigerant passing through the indoor heat exchanger

210 becomes great, thereby increasing the heat exchanging

ability of the iﬁdoor heat exchanger 210 As a result, the

refrigerating capacity improving effect due té supercooling

15 can be further increased by the quantity of increase of the

heat exchanging abiiity of the indoor heat exchanger 210 as
compared with the case where a single refrigerant is used.

If it is decided that there is a surplus of low-

temperature heat on the refrigerant circuit 220 side and

20 there is a shortage of low-temperature heat on the

refrigerant circuit 217 side conversely to the above case

based on the outputs of the pressure sensors 235 and 236

while the refrigerant circuits 217 and 220 are executing

the cooling operations, then according to this result of

25 decision, the control means sets the on-off valve 231 to .
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refrigerant that has passed through t he bypass expansi on mechani sm
12. That is, the heat exchanger 10 basically operates as a
liquid-liquid heat exchanger for executing- heat exchange between the
mai n-fl ow refrigerant that has 5 passed t hrough the condenser 3 and is
prior to its passing

- 28 - THIS SHEET HAS BEEN
REPLACED

the opened state and sets the on-off valve 231B to the
close& state, thereby shifting the operation of the
refrigerant circuit 217 into the cooling operation for
executing supercooling.
5 INDUSTRIAL APPLICABILITY

The presént invention can be applied to an air
éonditioner having a refrigerant circuit which executes
supercooling and is useful for improving the refrigerating

capacity of the air conditioner.
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cont T8t {0 thie. as Shown in Fig. 5. it is accept bl Z”t | ||||{||| IHIMIHHIIII i

t‘he. heat exchanger 10 as a gas-liquid heat ‘exch by nean

mai n-fl ow refrigerant of a gaseous 10 phase t hat has passed through the
evaporator 5 (on the inlet side of the conpressor) so as to

super cool the nmain- flow refrigerant that has passed through the
evapor at or 5, However, if a heat exchan Fig. 1Ais
operated as a liquid-liquid heat exchanger, theTHISNSHEET HAS BEER
tenperature difference [err]Tmrel evantago_thej fl ow gip getp on in the

heat exchanger 10 as indicated by the Ph di agremmta ++
greater due to the tenperature gradient in

WHAT IS CLAIMED IS:

1. ) An air conditioner having a refrigeraﬁt circuit

(1, 101, 217) in which a refrigerant flows through a

¢ompressor (2, 102, 201), a condenser (3, 103, 203), a
5 supercooling heat exchanger (10, 110, 225), a first

expansion mechanism (4, 104, 211) and an evaporator (5,

105, 210f in this order, wherein a nonazeotrope refrigerant

is used as the refrigerant.

2. An air conditioner as claimed in claim 1, wherein
10 the refrigerant circuit (1) has a bypass circuit
(13) which diverges from a main circuit (6) between the
condenser (3) ana the first expansion meqhanism (4) and
joins the main circuit (6) on the inlet side of the
compressoi' (2) and includes a second expansion wmechanism
15 (12) in the bypass circuit (13), and
the supercooling heat exchanger (10) executes
heat exchange between a main-flow refrigerant flowing'
through the main circuit (6) and a bypass—fldw refrigerant
that has passed through the secbnd_expansion mechanism (12)

20 and flows through the bypass circuit (13).

3. An air conditioner as claimed in claim 2, wherein

This Sheet Has Been Replaced
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ifior e Che hoat exchanger is operaled as a gas. | aui o '28 t “%;ﬂlﬂﬁ!ﬂl]ﬁﬁ]%ﬂl || ||||

Therefore, the size of the heat exchanger 10 is
relatively small, causing no such troubl e that the degree of
superheating on the inlet side of the conpressor 2 increases (see
Fig. 6). As aresult, - the refrigerating capacity inproving effect
, —
by virtue of THIS SHEET RAS BEET
- 30 - REPLAGED -

the bypass circuit (13) diverges from the main
circuit (6) between the condenser (3) and the supercooling

heat exchanger (10).

4. . An air conditioner as claimed in claim 2, wherein
5 the bypass circuit (13) diverges from the main
circuit (6) Dbetween the supercooling heat exchanger (10)

and the first expansion mechanism (4).

5. An air conditioner as claimed in claim 2, 3 or 4,
wherein

10 the supercooling heat exchanger (10) is a counter
flow type heat exéhanger in which the main-flow refrigerant
and the bypass-flow refrigerant flow in opposite directions
with interposition.of a wall (10a) having a heat transfer

property.

15 6. An air conditioner as claimed in claim 1, wherein
the supercooling heat exchanger (110) supercools
the refrigerant by means of low-temperature heat stored in

ice.

7. An air conditioner as claimed in claim 1, wherein
20 the supercooling heat exchanger (225) of the

refrigerant circuit (217) supercools the refrigerant by
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Fig. 8 shows an air conditioner of another 5 ‘enbodi nent  * h&vih
refrigerant circuit 101 for supercooling a refrigerant by
means of | owtenperature heat stored in ice. Thi's refrigerant
circuit 101 includes a main circuit 106 and a short- uiting
circuit 113. As a refrigerant to be fiAs BEEM |t he
refrigerant 10 circuit 101, a nonazeotr ri sed of
R- - 31 -

means of low-temperature heat supplied from another

refrigerant circuit (220).
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32/ 134a or R-407C is used. The main circuit 106 has a
conpressor 102, an out door heat exchanger 103 which serves as a
condenser, a receiver 107 for tenporarily storing the refrigerant, a
15 second el ectroni c expansion valve 112, a first electronic
expansi on val ve 104 which serves as a first expansion mechani sm an
I ndoor heat exchanger 105 which serves as an evaporat or and an
accunmul ator 108 arranged in this order. A heat storing heat
exchanger 110 which serves as a 20 supercool i ng heat exchanger is
connected in parallel with t he sedand el ectroni c expansion valve 112
via an out door si de connection end | 10b and an i ndoor side
connection end
ABSTRACT OF THE DISCLOSURE
An air conditioner has a refrigerant circuit 1 in
which a refrigerant flows through a compressor 2, a
condenser 3, a supercooling heat exchanger 10, a £first
5 expansion mechanism 4 and an evaporator 5 in this order.
In this refrigerant circuit 1, the refrigerant discharged
from the compréssor 2 is condensed in the condenser 3 and
the condensed refrigerant is supercooled in the
supercooling heat exchanger 10. This refrigerant is
10 reduced in pressure in the first expansion mechanism 4,
thereafter evaporated in the evaporator 5 and sucked into
the compressor. Use of a nonazeotrope refrigerant as the
above refrig'erant- can increase the refrigerating capacity

improving effect due to supercooling as compared with the

15 case where a single refrigerant is used.



1 10c of- the heat storing heat exchanger 110. The heat . storing heat

exchanger 110 is provided wi-th a cooling pipe 25 | 0a whi ch meanders in
-a perpendicul ar ‘direction inside a

- 14 - heat storage container 109 filled with water Vthlch
serves : :

Fig.1A
—— Main Circuit

----- Bypass Circuit 12
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‘as a heat storing nmedium In piping between the mai n body 109 of

t e heat storing heat exchanger 110 and the outdoor si de connection.
end 110b is inserted a first on-off valve 5 111. . The _ x
short-circuiting circuit 113 diverges from - between the main
body 109 of the heat storing heat exchanger 110 and the first

on-of f valve 111 and joins the main circuit 106 in the vicinity of

t he accunul ator 8. A second on-off valve 114 is inserted in this
short- 10 circuiting circuit 113. Opening/closing operations of the
first on-off valve 111 and the second on-off valve 114 and the-
degrees of opening of the first electronic expansion val ve 104 and

t he second el ectroni c expansion valve 112 are _ controlled by an

on-of f control neans 116 according to the
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e

15 pperating state of this air conditioner and signals from

therm stors Thl and Th2 and ‘a pressure sensor Ps. ' In a
heat storing operation, the on-off control - nmeans 116 brings the
first on-off valve 111 into a cl osed state, brings the second on-off
- valve 114 into an -opened 20 state and brings the first electronic
expansi on valve 104 . into a fully closed state, while the degree of
openi ng of t he second el ectroni c expansion valve 112 is controlled
according to the signals fromthe therm stor Thl and the pressure
sensor Ps. In this stage, the refrigerant (whose 25 flow direction is

I'ndi cated by the solid lines in Fig. 8)
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- 107 and the second el ectroni c expansion valve 112.

evapor at ed by heat exchange with the water Win

heat exchanger 110,

Refrigerant
- Temperature

the refrigerant

S

5

. di schar ged frdn1the conpressor 102 is condensed by the
out door heat exchanger 103 and nade to pass through the

. receiver
After being
t he heat storing

10c - 10a
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| et e Bypass-Flow
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made to pass through the second on-off valve 114 of_the

short-circuiting circuit 113 and sucked into the conpressor 102
t hrough the accunul ator 108 of the main circuit 106. The water W
inside the heat storage container 109 is cooled 10 by heat exchange
wth the refrigerant which passes through a cooling pipe 110a and
adheres in the formof ice to the surface of the .cooling pipe Il QCa.
By these operati ons, : | ow-t enperature heat is stored in the heat"
st orage’ contai ner 109. 15 } In a cooling operation for
collecting the stored | owt enperature heat, the on-off control
means 116 brings «  the first on-off valve 111 into the opened state
and brings tlﬁigye nd on-off valve 114 into the cl osed state, and
t he ' _ '
4
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_ o o 3™
: L 5
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2
Compressor

Fig.6
Increase in _
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increase in
Degree of
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- Specific Enthalpy



degrees-of opening of the first electronic expansion valve 20 104 and
the' second electronic expansion valve 112 are controlled
according to the signals fromthe therm stor Th2 and the pressure
sensor Ps. In this stage, the refrigerant - (whose flow direction is
i ndi.cated by dash lines in Fig. 8) di scharged fromthe conpressor
102 is condensed by the 25 out door heat exchanger 103 and nade to pass
t hrough t he .
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- 16 -- | recei ver 107. Subsequently, paft of the refrigerant

passes t hrough the second el ectroni c expansion valve 112 and
reaches the juncture 110c, while the remaining refrigerant . i s made
to pass fromthe junction 11 0b through the first 5  on-off valve 111,
super cool ed .by heat exchange with the ice : generated during the heat
storing operation in the heat stori.ng heat exchanger 110 and '
thereafter made to reach the juncture 110c. In this stage, a
flow ratio of the . refrigerant which passes through the second

el ectronic
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10 expansi on valve 112 to the fefrigerant whi ch passes through
the heat storing heat exchanger 110 is determ ned dependi ng

degree of opening of the second el ectroni ¢ expansion ~valv
~The heat storing heat exchanger 110 supercools the refrig
‘using the lowtenperature heat stored in 15 the ice, and t
t he refrlgerant whi ch - passes through the <cooling p

can effectlv
t he Juncture

super cool ed. The refrigerant which

Figeo

on the
e 112.
er ant
her ef or e,
pe 110a
j oi ns at

I's reduced in pressure by the first electronic

expansi on val ve 10 after evaporated by heat exchange 20 with the
indoor air i-n the indoor heat exghanger 105 and -—sueﬁﬁg—kpto t he
conpressor 2 through the accunulftor 8. Qy us
super cool i ng the refrigerant .i n/t he heat ' 212 ‘///'B
_ _ . | 215.4~'4* _
_ 209 21721 ¢ 210
H_t ' _ |205 / =
Co il =y 2157
L1l | 216 [~215 | .
| €213 s
1 e L —
T e _
228+ " 211 ‘ 215
210 /3 |
| | 216
' | | Lk | Oinverter J208! | - <273 |
PRYLLTE2 | 207 218 | 22| P
@ 230B -
— — _ 2201] 211
|- 231 205 =202 / 210
- Y Al SISt
I A Y it
| | _ 2958 %04_ | 219 Tw218 ' /E_
h 203 213
{ }H'<- 1 211 'Lﬂ
4—218
210 | o
' ' | 219
i 207~ Inverter 2'081|



storing heat exchanger 110, the refrigerating effect can be

I ncreased as conpared with the case where no supercooling 25 S
execut ed. Furthernore, the boiling points of the
- 17 - refrigerants constituting the nonazeotrope refrigerant

Fig.10 PRIOR ART

— Mai'n Circuit

----- Bypass Circuit 312




flowing into the indoor heat exchanger 105 differ from each - other,

and therefore, a grddient (inclination to the speci fic enthal py
axis, referred to as a "tenperature 5 gradient” hereinafter) is
generated at the isothermal |ine i n the dual - phase regi on (wet
steam range) of the Ph - di agram shown in Fig. 2. Due to the
t enper ature gradi ent i n this dual -phase region, the inlet
tenperature of the i ndoor heat exchanger 105 is reduced as conpared
with the 10 case where a single refrigerant is used. Therefore, a
tenperature difference between the indoor air whose heat is :
absorbed by the indoor heat exchanger 105 and the . refrigerant
passi ng thro#gp the indoor heat. exchanger 105
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_ ' ROHI € 3
becorres jreat, thereby increasing the heat exchangin 15 ability of %53

|ndobr heat exchanger 105. As a result, the \ X,

i nproving effect due to supercooling can be 1%]’ KA@EME y t he
gquantity of increase of the heat exchanging gbflity of the i or
heat exchanger 105 as conpared with the case]wherk0Ji W9be
refrigerant is used. 20 To execute the pormal coolin
operation wthout col l ecting the sthored heat] TT 18 pr oper—To jbring
the first on-off valve 111 and the second onkaff valve 114 intjo the
closed state, bring the second el ectronic expansion valve 112 into

t he. f ul | - opennedimitation onithe demarid for dimoreasingthe refrigarating cappeity.and cont r ol
the degre¢ of opening of the first

DISCLOSURE OF THE INVENTION

5 The object of the present invention is to improve the refrigerating capacity further than
in the prior arts.

In accordance with the invention, there is provided an air conditioner having a
refrigerant circuit in which a refrigerant flows through a compressor, a condenser, a

10 supercooling heat exchanger,' a first expansion mechanism and an evaporator in this order,
wherein a nonazeotrope refrigerant is used as the refrigerant, and wherein the supercooling

heat exchanger supercools the refrigerant by means of low-temperature heat stored in ice.

In another aspect, there is provided an air conditioner having a refrigerant circuit in

15 which a refrigerant flows through a compressor, a condenser, a supercooling heat exchanger,
a first expansion mechanism and an evaporator in this order, wherein a nonazeotrope
refrigerant is used as the refrigerant, and wherein the supercooling heat exchanger of the
refrigerant circuit supercools the refrigerant by means of low-temperature heat supplied from
another refrigerant circuit.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a diagram showing the construction of a refrigerant circuit of an air

conditioner according to a first embodiment of the present invention;

A8 o 24

e



el ectroni ¢ expansion valve 104 according to the signals

- 18 _'\
friomthe therm stor Th2 and the pressure sensor Ps. In this
stage, the refrigerant discharged fromthe co =02 s

condensed by the outdoor heat exchanger 103, ntEPEKCENEmﬂ‘SHEE$ t hr ough

t he receiver

10

115

20

107 and the second el ectronic
10 JUL 1999

Fig. 1B is a diagram showing a modification
example of the above refrigerant circuit;

Fig. 2 is a Ph diagram showing a refrigeration
cycle of the refrigerant circuit of Fig. 1A;

Fig. 3 1is a graph for explaining the heat
exchanging ability of an evaporator in the refrigerant
circuit of Fig. 1A;

| Fig. 4A is a diagram showing the construction of
a double-pipe type heat exchanger of the refrigerant
circuit of Fig. 1;

Fig. 4B is a diagram for explaining a refrigerant
temperature in a counter flow type heat exchanger;

Fig. 4C is a diagram for explaining a refrigerant
temperature in a parallel flow.type heat exchanger;

Fig. 5 is a diagram showing the construction of a
refrigerant circuit in which the double-pipe type heat
exchanger is used as a gas-liquid heat exchanger for
comparison with the refrigerant circuit of Fig. 1A;

Fig. 6 is a Ph diagram showing a _refrigeration

cycle of the refrigerant circuit of Fig. S;

Figs. 7A and 7B are graphs showing a comparison
between the refrigeration cycle of the refrigerant circuit

of Fig. 1A and the refrigeration cycle of the refrigerant

circuit of Fig. 5;



éxpansion val ve 112, evaporated by the indoor heat exchanger 105

10

15

20

25

and sucked into the conpressor 102 through the accunul ator 108.
(Third Enbodi ment) - 10 Fig. 9 shows an air conditioner

of anot her enbodi ment having a refrig WL o 020

supercooling a refrigerant by means of { @MEM&SH@ eat _
supplied from another refrigerant circhpif. , ~ This
air conditioner has one outdoor unit A 15 nEl udh NYL 19990 evi ces H
and | havi ng I denti cal constructi png, two indoor junits B and C
connected to one device H of the outdopr=umt—7A—=amnd—t I ndoor
units D and E - 6.

Fig. 8 is a diagram showing the construction of a
refrigerant circuit of an air conditioner according to a
second embodiment of the present invention;

Fig. 9 is a diagram showing the construction of a
refrigerant circuit of an air conditioner according to a
third embodiment of the present invention;

Fig. 10 is a diagram showing the construction of
a refrigerant circuit of a prior art air conditioner;

Fig. 11A is a Ph diagram showing the normal
refrigeration cycle in which no supercooling is executed;

Fig. 11B is a Ph diagram showing the
refrigeration cycle of the refrigerant circuit of Fig. 10;
and

Fig. 11C is an enlarged view of part of the
refrigeration cycle of Fig. 11B.

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the air conditioner of the present
invention will be described in detail below with reference
to the accompanying drawings.

(First Embodiment)

Referring to Fig. 1A, an air conditioner
according to one embodiment of the present invention has a
refrigerant circuit 1 including a main circuit 6 and a
bypass circuit (indicated by dash lines) 13. As a

refrigerant to be circulated through the refrigerant



Ctonnegted to the other device | of the outdoor unit A The
ofie device H of the outdoor unit A has a 20 construction in which an
accurrul at or 208, a conpressor 201 driven by an inverter 207, a

f our-way changeover val ve 202, an out doo :ﬁﬁﬁ?OB, a
super cool i ng heat exchanger 225, a check ! |l ows the
.refrigerant to pass in only one direction (the gifection 25 iindi cat ed

by the solid lines in the figure) in a cooling 10 JUL 1999

-7 .

circuit 1, a nonazeotrope refrigerant comprised of R-
32/134a or R-407C is used.

The main circuit 6 has a compressor 2, a

condenser 3, a double-pipe type heat exchanger 10 which

‘5 serves as a supercooling heat exchanger, a main expansion

mechanism 4 which serves as a first expansion mechanism, an

evaporator 5, a four-way changeover valve 9 and an

accumulator 8 in this order. The bypass circuit 13

diverges from the main circuit 6 at a junction 21 between

10 the éondenser 3 and the double-pipe type heat exchanger 10,

passes through the bypass expansion mechanism 12 which

serves as a second expansion mechanism and the double-pipe

type heat exchanger 10 and joins the main circuit 6 at a

juncture 22 in the vicinity of the accumulator 8. The

15 double-pipe type heat exchanger 10 executes heat exchange

between a main-flow refrigerant which flows through the

main circuit 6 and a bypass-flow refrigerant that has

passed through the bypass expansion mechanism 12 and flows

through the bypass circuit 13. That is, the main-flow

20 refrigerant is supercooled with a simple circuit

construction utilizing the bypass-flow refrigerant that has

passed through the bypass expansion mechanism 12. In

detail, as schematically shown in Fig. 4A, the double-pipe

type heat exchanger 10 has an inner pipe 10a and an outer

25 pipe 10b provided concentrically around this inner pipe
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20
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-19- | operation and an expansi on nechani sm 204 for a heating
é)peratlon connected in parallel with this check val ve 209 are
connected toget her. by way of a refrigerant pipe 205. Simlarly, the
other device | has a construction in which § p oy 208, a
conpressor 201 driven by an inverter 207RE g)S Ingeover
valve 202, an outdoor heat exchanger 203,] a supercooll g |heat
exchanger 225B, a check val ve 209 whicH 4l | PBJULY ggefi erant to
pass in only one direction .in a cooling gperation and n{expansi on
mechani sm g

10a. The directions in which the refrigerants flow are set
so that the bypass-flow refrigerant flowing through the
inner pipe 10a and the main-flow refrigerant flowing
through a ring-shaped space 10c¢ between the inner pipe 10a
and the outer pipe 10b flow in opposite directions with
interposition of the pipé wall of the inner pipe 10a having
a heat transfer property (counter flow type heat
exchanger). When such a counter flow type heat exchanger
10 is used, as shown i_n Fig. 4B, an average temperature
difference relevant to the flow direction between the main-
flow refrigerant and the bypass-flow refrigerant becomes
relatively great on both sides of the pipe wall of the
inner pipe 10a having a heat transfer property. For
instance, the temperature difference becomes greater than
the average temperature difference in the case of the
parallel flow type heat exchanger shown in Fig. 4C. As a
result, the capacity of the heat exchanger 10 can be
improved.

The refrigerant discharged from the compressor 2
shown in Fig. 1A is condensed by the condenser 3 (which
discharges heat to, for example, outdoor air) and diverges
at the junction 21 into the main-flow refrigérant flowing
through the main circuit 6 and the bypass-flow refrigerant
flowing through the bypass circuit 13. This wmain-flow

refrigerant is supercooled by heat exchange with the



10 ; 204 for a heating operation connected in parallel with this

theck val ve 209 are connected together by way of a refrigerant pipe
205. The indoor units B, C, D and E have i denti cal internal
constructions in which an i ndoor heat € R j meck val ve
213 which allows the 15 refrigerant to pag - SHE<T?peration
..only in the direction opposite to the dinection of thejcpoling
operation and an expansi on nechani sm 211 for f§he cd0lJUIg 1999 operati on
connected in parallel with this check valve 213 ~are cohngct ed
toget her by way of a refrigerant plpe 212 20 The-Torrowng; w | |
- describe the cooling operation. 9 The indoor unigs B and C

are connected in

bypass-flow refrigerant that has passed through the bypass
expansion mechanism 12 in the heat exchanger 10 and
thereafter reduced in pressure by the main expansion
mechanism 4. Then, the main-flow refrigerant is evaporated
5 by the evaporator S (which absorbs heat from, for example,
indoor air) and sucked into the compressor 2 through the
four-way changeover valve 9 and the accumulator 8 for
executing a gas-liquid separating operation. On the other
hand, the bypass-flow xefrigerant is reduced in pressure

10 through the bypass expansion mechanism 12. and thereafter
evaporated by heat exchange with the main-flow refrigerant
in the heat exchanger.lo. Subsequently, the bypass-flow
refrigerant joins the main-flow refrigerant at the juncture
22 in the vicinity of the accumulator 8.

15 | By thus supercooling the main-flow refrigerant in
the heat exchanger 10, the refrigerating effect by the
main-flow refrigerant can be increased as compared with the
case where no supercooling is executed. Furthermore, by
diverging the bypass flow from the refrigerant flow, the

20 volumetric flow rate of the main-flow refrigerant is
reduced. Therefore, as indicated by a pressure to specific
enthalpy diagram (Ph diagram) shown in Fig. 2, a pressure
loss AP can be reduced inside the evaporator 5 and at the
inlet side pipe of the compressor 2 as compared with the

25 case where no supercooling is executed (see Fig. 11A).




ﬁarallel with each other by way of refrigerant pipes 215 - and 215 and
ar'e connected to the one device H of the outdoor unit A by way of
ot her. refrigerant pipes 216 and 25 216 while allowi ng the refrigerant

to circulate, thereby REPLACEMENT SHEET - 20 -
- 10 JUL 1999

10

Accordingly, the refrigerating capacity of the system can

be improved. It is to be noted that the portions denoted

by A, B and C in Fig. 2 correspond to the states at the

points A, B and C in the vicinity of the juncture 22 of the
5 refrigerant circuit 1 shown in Fig. 1A.

Furthermore, the beiling points of the
refrigerants constituting the nonazeotrope refrigerant
flowing through the refrigerant circuit 1 differ from each
other, and therefore, _a gradient (inclination to the

10 specific enthalpy axis, referred to as a '"temperature
gradient" hereinafter) is generated at isothermal lines in
the dual-phase region (wet steam range) of the Ph diagram
shown in Fig. 2. Due to the temperature gradient in this
dual-phase region, the inlet temperature of the evaporator

15 5 is reduced as compared with the case where a single
refrigerant is used. Therefore, a temperature difference
between the fluid (for example, the indoor air passing in
contact with the fins of the evaporator) whose heat is
absorbed by the evaporator 5 and the refrigerant passing

20 through the evaporator 5 becomes great, thereby increasing
the heat exchanging ability of the evaporator 5. For
example, as shown in Fig. 3, if the inlet temperature of
the evaporator 5 is reduced by 2 degrees, then the heat
exchanging ability of the evaporator 5 increases by about

25 15%. As a result, the refrigerating capacity improving




forn1ng one refrigerant circuit 217. Simlarly, the indoor units D

and E are connected in parallel with each other by way of

refrigerant pipes 218 and 218 and are connected to t he ot her device

.1 of the outdoor unit A by way of other 5 . 6 pi-ges 219
Ay

and 219 while al I owi ng t he refri

form ng anot her ~refrigeran CIrCUI[ 220" On the
(in the vicinity of the Frefri t |

outdoor unit A) of t he conpressor 201 fof HQ?QQP{PSQ

217 and 220 10 are provi ded pressurg sensor s—235—are—236,

respectively,

t her eby

inlet side

MENT SHER] at e

of the
qnt} circuits

—

for detecting t per atji ng states of thejlrespective

‘refrigerant circuits. As the Téerrigeramt—to e circul ated

t hrough these

i0

20

15

25

effect due to supercooling can be further increased by the
quantity of the increase of the heat exchanging ability of
the evaporator 5 as compared with the case where a single
refrigerant is used. Furthermore, as shown in Fig. 1A, the
bypass circuit 13 diverges from the main circuit 6 between
the condenser 3 and the heat exchanger 10, and tﬁerefore,
the object to be supercooled by the heat exchanger 10
becomes only the main-flow refrigerant. Therefore, the
size of the heat exchanger 10 is allowed to be relatively
small.
It is to be noted that, as shown in Fig. 1B, the
bypass circuit 13 may diverge from the main circuit 6
between the heat exchanger 10 and the main expansion
mechanism 4 (at a junction 21A). In this case, the bypass-
flow refrigerant diverging from the main-flow refrigerant
after passing through the heat exchanger 10 enters the
bypass expansion mechanism 12, and this reduces the
possibility of the entry of the dual-phase flow into the
bypass expansion mechanism 12. Therefore, the bypass
expansion mechanism 12 has no chance to cause hunting and
hence operates stably.
. As described above, the heat exchanger 10
executes heat exchange between the main-flow refrigerant
flowing through the main circuit 6 in a state in which it

is condensed by the condenser 3 and the bypass-flow



refrlgerant circuits 217 and 220, a nonazeotrope 15
refrigerant conprised of R-32/134a or R-407C is used.

Between the refrigerant circuit 217 on the device H side and the
refrigeraggocirguit 220 on the device | side are prOV|ded~bypass
bcircuits and 230B. The bypass Cif t—236 ’huv Rrg-refrigerant
~ pi.pes 227 and 228) diverges 20 fromthe J&ﬂ%ﬁﬂggﬁﬂg HEBT t he °
bvicinity of the outlet in the cooling fogeration) of e {out door
: heat exchanger 203 of the refrigerant [cifrcyi g@q assis t hr ough
. an on-off valve 231, an expansio a |sn12$ g% syiper cool i ng
' heat exchanger 225 of the refrigggant ciTeutrt—2+F—anrdd | pins its 25
i refrigerant circuit 220 in the vicinity of thg inlet of the

refrigerant that has passed through the bypass expansion
mechanism 12. That - is, the heat exchanger 10 basically
operates as a liquid-liquid heat exchanger for executing
heat exchange between the main-flow refrigerant that has
5 passed thiough the condenser 3 and is prior to its passing
through the evaporator 5 and the bypass-flow refrigerant.
In contrast to this, as shown in Fig. 5, it is acceptable
to operate the heat exchanger 10 as a gas-liquid heat
exchanger by meané of a_ main-flow refrigerant of a gaseous
10 phase that has passed through the evaporator 5 (on the
inlet side of the compressor) so as to supercool the main-
flow refrigerant that has passed through the evaporator 5.
However, if a heat exchanger 10 as shown in Fig. 1A is
operated as a liquid-liquid heat exchanger, then an average
15 temperature difference ATm relevant to the flow direction
in the heat exchanger 10 as indicated by the Ph diagram in
Fig. 7A becomes greater due to the temperature gradient in
the dual-phase region than ATm (shown in Fig. 7B) in the
case where the heat exchanger is operated as a gas-liquid
20 Heat exchanger. Therefore, the size of the heat exchanger
10 is allowed to be relatively small, causing no such
trouble that the degree of superheating on the inlet side
of the compressor 2 increases (see Fig. 6). As a result,

the refrigerating capacity improving effect by virtue of




- 21 - accumul ator 208 of the refri gerant circuit 220. The bypass

cisrcuit 230B (having refrigerant pipes 227B and 228B) di verges from
the downstream side (in the vicinity of the outlet in the cooling
operation) of the outdoor heat
REPLACEMENT SHEET|
10 JUL 1999

- 13 .

the use of the nonazeotrope refrigerant can be more
effectively produced.
(Second Embodiment)

Fig. 8 shows an air conditioner of another

s embodiment having a refrigerant circuit 101 for

supercooling a refrigerant by means of low-temperature heat

stored in ice. This refrigerant circuit 101 includes a

main circuit 106 and a short-circuiting circuit 113. As a

refrigerant to be «circulated through the refrigerant

10  circuit 101, a nonazeotrope refrigerant comprised of R-
32/134a or R-407C is used.

The main circuit 106 has a compressor 102, an

outdoor heat exchanger 103 which serves as a condenser, a

receiver 107 for temporarily storing the refrigerant, a

15 second electronic expansion valve 112, a first electronic

expansion valve 104 which serves as a first expansion

mechanism, an indoor heat exchanger 105 which serves as an

evaporator and an accumulator 108 arranged in this order.

A heat storing heat exchanger 110 which serves as a

20 supercooling heat exchanger is connected in parallel with

the second electronic expansion valve 112 via an outdoor

side connection end 110b and an indoor side connection end

110c of the heat storing heat exchanger 110. The heat

storing heat exchanger 110 is provided with a cooling pipe

25 10a which meanders in a perpendicular direction inside a




5 exchanger. 203 of the refrigerant circuit 217, passes

t hrough an on-off val ve 231B, an expansi on nechanlsn12268 and a
super cool i ng heat exchanger 225B of the refrigerant circuit 220 and
joins its refrigerant circuit 217 in the T g inlet of

t he accunul ator 208 of the 10 refr|gerantREPLACFMTQm}SHEEE
.supercool i ng heat exchanger 225 is constiructed simlaf go, for
exanpl e, the doubl e- pi pe type heat excghdngerg in Fig. 4A and
execut es heat exchange between the nain-flom1re¥r|gerqn fl ow ng

t hr ough the refrigerant circuit_ 217 and the—bypass-ftow|refri gerant
.15 fl owi ng through the bypass cireut® 230 hich di verges frdgm t he
refrigerant «circuit 220. On the other "hand, the

supercool i ng heat exchanger 225B executes heat exchange
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heat storage container 109 filled with water W which serves
as a heat storing medium. 1In piping between the main body
109 of the heat storing heat exchanger 110 and the outdoor
side connection end 110b is inserted a first on-off valve
111. The short-circuiting circuit 113 diverges from
between the main body 109 of the heat storing heat
exchanger 110 and the first on-off wvalve 111 and joins the
main circuit 106 in the wvicinity of the accumulator 8. A
second on-off wvalve 114 is inserted in this shortc-
circuiting circuit 113. Opening/closing operations of the
first on-off valve 111 and the second on-off valve 114 and
the degrees of opening of the first electronic expansion
valve 104 and the second electronic expansion valve 112 are
controlled by an on-off control means 116 according to the
operating state of this air conditioner and signals from
thermistors Thl and Th2 and a.pressure sensor Ps.

In a heat storing operation, the on-off control
means 116 brings the first on-off valve 111 into a closed
state, brings the second on-off valve 114 into an opened
state and brings the first electronic expansion valve 104
into a fully closed state, while the degree of opening of
the second electronic expansion wvalve 112 is controlled
according to the signals from the thermistor Thl and the
pressure sensor Ps. In this stage, the refrigerant (whose

flow direction is indicated by the solid lines in Fig. 8)



betmeen the main-flow refrigerant flow ng through the refrigerant
circui't 220 and the bypass-flow refrigerant 20 fl owi ng through the
bypass circuit 230B which diverges from the refrigerant cireuit 217.

In the nornal
execut ed,

cool ing operation in which no SUPLL-606iRe

the on-off valves 231 and 231B of 5Qﬁzbiﬁ§fﬁ&ﬁa§HEET*cuits 230

and 230B are brought into the 25 cl osed st at e~fy=a oMl mpans (not

'showm).
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discharged from the compressor 102 is condensed by the
outdoor heat exchanger 103 and made to pass through the
receiver 107 and the second electronic expansion valve 112.
After being evaporated by heat exchange with the water W in
the heat storing heat exchanger 110, the refrigerant is
made to pass through the second on-off valve 114 of the
short-circuiting circuit 113 and sucked into the compressor
102 through the accumulator 108 of the main circuit 106.
The water W inside the heat storage container 159 is cooled
by heat exchange with.the refrigerant which passes through
a cooling pipe 110a and adheres in the form of ice to the
surface of the cooling pipe 110a. By these operations,
low-temperature heat is stored in the heat storage
container 109.

In a cooling operation for collecting the stored
low-témperature heat, the on-off control means 116 brings
the first on-off valve_lll into the opened state and brings
the second on-off valve 114 into the closed state, and the
degrees of opening of the first electronic expansion valve
104 and the second electronic expansion valve 112 are
controlled according to the signals from the thermistor Th2
and the pressure sensor Ps. In this stage, the refrigerant
(whose flow direction is indicated by dash lines in Fig. 8)
discharged from the compressor 102 is condensed by the

outdoor heat exchanger 103 and made to pass through the
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"stage, the refrigerant circuit 217 and the refrigerant

circuit 220 execute cool i ng operations independently of each ot her
In, for exanple, the refrigerant circuit 220, the refrigerant

(mhose flow direction is indicated by the 5 S+ ig. 9)
di scharged fromthe conpressor 201 i s cREPEACED ﬂﬁgrsﬁiﬁﬁftdoor heat

- exchanger

t hrough t he heat exchanger 225B in the b

- no heat
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203 whi ch operates as a condensEgr and nade td pass

executes

—
—

At § @ Qurhied |
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receiver 107. Subsequently, part of the refrigerant passes
through the second electronic expansion valve 112 and

reaches the juncture 110c, while the remaining refrigerant

is made to pass from the junction 110b through the first

on-off valve 111, supercooled by heat exchange with the ice
generated during the heat storing operation in the heat
storing heat exchanger 110 and thereafter made to reach the
juncture 110c. In this stage, a flow ratio of the
refrigerant which passes through the second electronic
expansion valve 112 to the refrigerant which passes through
the heat storing heat exchanger 110 is determined depending
on the degree of opening of the second electronic expansion
valve 112. The heat storing heat exchanger 110 supercools
the refrigerant using the low-temperature heat stored in
the ice, and therefore, the refrigerant which passes
through the «cooling pipe 110a can be effectively
supercooled. The refrigerant which joins at the juncture
110c is reduced in pressure by the first electronic
expansion ?alve 104, thereafter evaporated by heat exchange
with the indoor air in the indoor heat exchanger 105 and
sucked into the compressor 2 through the accumulator 8.

By thus supercooling the refrigerant in the heat
storing heat exchanger 110, the refrigerating effect can be
increased as compared with the case where no supercooling

is executed. Furthermore, the boiling points of the



_ekchange and the check valve 209. Subsequently, the 10
‘refrigerant is reduced in pressure by the expanS|on

.mechani sm 211 of the indoor units D and E, evaporatee—b A e i ndoor
heat exchanger 210 whi ch operates as an e?&ﬁbﬂﬁi&ﬁ%&h&ﬂﬁEE\ed into
t he conpressor 201 through the accunul at gr {208~ 0T the ou dpor unit
A.- The sanme operation 15 is executed in the rEfrﬁQFﬁ@ﬂH cupt 217.
Assune now that a decision is nade so that there g plus of
| owt enperature heat on, for exanple, the efrgerart—etcliit 217
.side and there is a shortage of iPMFtenperature heat on the
refrigerant circuit 220 side 20 based on the ourpurs of THE pressure
sensors 235 and 236 while the refrigerant circuits 217 and 220 are
executing

refrigerants constituting the nonazeotrope refrigerant
flowing into the indoor heat exchanger 105 differ from each
other, and therefore, a gradient (inclination to the
specific enthalpy axis, referred to as a ‘"temperature
5 gradient" hereinafter) is generated at the isothermal line
in the dual-phase region (wet steam range) of the Ph
diagram shown in Fig. 2. Due to the temperature gradient
in this dual-phase region, the inlet temperature of the
indoor heat exchanger 105 is reduced as compared with the
10 case where a single refrigerant is used. Therefore, a
temperature difference between the indoor air whose heat is
absorbed by the indoor heat exchanger 105 and the
refrigerant passing through the indoor heat exchanger 105
becomes great, thereby increasing the heat exchanging
15 ability of the  indoor heat exchanger 105. As a result, the
refrigerating capacity improving effect due to supercooling
can be further increased by the quantity of increase of the
heat exchanging ability of the indoor heat exchanger 105 as
compared with the case where a single refrigerant is used.
20 To execute the normal cooling operation without
collecting the stored heat, it is proper to bring the first
on-off valve 111 and the second on-off valve 114 into the
closed state, bring the second electronic expansion valve
112 into the full-open state by the on-off control means

25 116 and control the degree of opening of the first




t he cool i ng
the control neans brings the on-off valve 231 into the

deci si on,

oper at i ons. According to this result of

cl osed state and brings the on-off valve 231B into 25 t he opened state,

thereby shifting the operation of the REPLACEMENT SHEET

- 23 -
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electronic expansion valve 104 according to the signals
from the thermistor Th2 and the pressure sensor Ps. In
this stage, the refrigerant discharged from the compressor
102 is condensed by the outdoor heat exchanger 103, made to
pass through the receiver 107 and the second electronic
expansion valve 112, evaporated by the indoor heat
exchanger 105 and sucked into the compressor 102 through
the accumulator 108.
{Third Embodiment)

Fig. 9 shows an air conditioner of another
embodiment having a refrigerant circuit for supercocling a
refrigerant by means of low-temperature heat supplied from
another refrigerant circuit.

This air conditioner has one outdoor unit A
including two devices H and I having identical
constructions, two indoor units B and C connected to one
device H of the ocutdoor unit A and two indoor units D and E
connected to the other device I of the outdoor unit A.

The one device H of the outdoor unit A has a
construction in which an accumulator 208, a compressor 201
driven by an inverter 207, a four-way changeover valve 202,
an outdoor heat exchanger 203, a supercooling heat
exchanger 225, a <check wvalve 209 which allows the
refrigerant to pass in only one direction (the direction

indicated by the solid lines in the figure) in a cooling



fefrigerant circuit 220 into the cooling operation for executing

super cool i ng. In this stage, part of the refrigerant flow ng
~through the refrigerant circuit 217 diverges to flow as a
bypass-flow refrigerant (whose flow 5 direction is indicated by dash

“lines in Fig.

9) through the bypass circuif 2 7T & lt, the
super cool i ng heat exchanger 225B executes ﬁggﬁﬁgyﬁﬁgﬁﬁﬁylt en the

mai n-f | ow

refrigerant flow ng through the ye?rigerant ci rquift 220

and t he bypass-flow refrigerant flow ng through ¢ gglbysasy |10

circuit 230B

That is, in the refrigerant circuit; 220, the

refrigerant discharged fromthe conpressb? 201 i s cohdensed by the

out door heat exchanger 203 which operates as a
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operation and an expansion mechanism 204 for a heating
operation connected in parallel with this check wvalve 209
are connected together by way of a refrigerant pipe 20S.
Similarly, the other device I has a construction in which
an accumulator 208, a compressor 201 driven by an }nverter
207, a four-way changeover valve 202, an outdoor heat
exchanger 203, a supercooling heat exchanger 225B, a check
valve 209 which allows the refrigerant to pass in only one
direction in a cooling qQperation and an expansion mechanism
204 for a heating operation connected in parallel with this
check wvalve 209 are connected together by way of a
refrigerant pipe 205. The indoor units B, C, D and E have
identical internal constructions in which an indoor heat
exchanger 210, a check valve 213 which allows the
refrigerant to pass in the heating operation only in the
direction opposite to the direction of the cooling
operation and an expansion mechanism 211 for the cooling
operation connected in parallel with this check valve 213
are connected together by way of a refrigerant pipe 212.
The following will describe the cooling operation.

The indoor wunits B and C are connected in
parallel with each other by way of refrigerant pipes 215
and 215 and are connected to the one device H of the
outdoor unit A by way of other refrigerant pipes 216 and

216 while allowing the refrigerant to circulate, thereby



condenser and
refrigerant pa

20

supercool ed by the heat exchanger 225B. Then, the
sses through the check valve 209. 15 Subsequently, the

refrigerant is reduced in pressure by the expansi on nechani snms 211
of the indoor units D and E, evapor at ed by ghe_indoor heat exchanger
210 which operates as an evaporator and t hgREPpdKe TN Qs
conpressor 201 t hrough the accunul at or 208 |off~the i ERE A
' As descri bed above, by supefcooling the

‘refrigerant in the heat exchanger 225B, the refrigefat!@g/UL 1999 Effect can
be increased as conpared with the case where no S

thernore, the boiling poi n29 - i gerants

-executed. Fur
constituting
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t he nonazeot r ope

forming one refrigerant circuit 217. Similarly, the indoor
units D and E are connected in parallel with each other by
way of refrigerant pipes 218 and 2@8 and are connected to
the other device I of the outdoor unit A by way of other
refrigerant pipes 219 and 219 while allowing the
refrigerant to circulate, thereby forming another
refrigerant circuit 220. On the inlet side (in the
vicinity of the refrigerant inlet of the outdoor unit A) of
the compressor 201 of the refrigerant circuits 217 and 220
are provided pressure sensors 235 and 236, respectively,
for detecting the operating states of the respective
refrigerant circuits.

As the refrigerant to be circulated through these
refrigerant circuits 217 and 220, a nonazeotrope
refrigerant comprised of R-32/134a or R-407C is used.

Between the refrigerant circuit 217 on the device
H side and the refrigerant circuit 220 on the device I side
are provided bypass circuits 230 and 230B. The bypass
circuit 230 (having refrigerant pipes 227 and 228) diverges
from the downstream side (in the vicinity of the outlet in
the cooling operation) of the outdoor heat exchanger 203 of
the refrigerant circuit 220, passes through an on-off valve
231, an expansion mechanism 226 and a supercooling heat
exchanger 225 of the refrigerant circuit 217 and joins its

refrigerant circuit 220 in the vicinity of the inlet of the



25 refrigerant flowing into the indoor heat exchanger 210

- .24 =
gr adi ent

a "tenperature gradient” hereinafter) is generate
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differ from each other, and._therefore a
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accumulator 208 of the refrigerant circuit 220. The bypass
circuit 230B (having refrigerant pipes 227B and 228B)
diverges from the downstream side (in the vicinity of the
outlet in the cooling operation) of the outdoor heat
exchanger 203 of the refrigerant circuit 217, passes
through an on-off valve 231B, an expansion mechanism 226B
and a supercooling heat exchanger 225B of the refrigerant
circuit 220 and joins its refrigerant circuit 217 in the
vicinity of the inlet of the accumulator 208 of the
refrigérant circuit 217. The supercooling heat exchanger
225 is constructed similar to, for example, the double-pipe
type heat exchanger 10 shown in Fig. 4A and executes heat
exchange between the main-flow refrigerant flowing through
the refrigerant circuit 217 and the bypass-flow refrigerant
flowing through the bypass circuit 230 which diverges from
the refrigerant circuit 220. On the other hand, the
supercooling heat exchanger 225B executes heat exchange
between the main-flow refrigerant flowing through the
refrigerant circuit 220 and the bypass-flow refrigerant
flowing through the bypass circuit 230B which diverges from
the refrigerant circuit 217.

In the normal cooling operation in which no
supercooling is executed, the on-off valves 231 and 231B of
the bypass circuits 230 and 230B are brought into the

closed state by a control means (not shown). In this



i sothermal line in a dual - phase region (wet steamrange) of 5 t he Ph

-di agram shown in Fig. 2. Due to the tenperature gradient in this
dual - phase region, the inlet tenperature e T OoR Tat

exchanger 210 is reduced as conpared mﬁtﬁﬁhbéeg 'Jﬁ dE TE single
refrigerant is used. Therefore, a tenpenature differencg between

t he i ndoor

210 and

10 whose heat is absorbed by {the i@Qﬂy[1ﬂﬁﬂt exchanger
the refrigerant passing throughlthe indoor heat|ekchanger

210 becones great, thereby increasing the heat ¢xchamgrmy ability

of the indoor
capacity inproving effect due to supereo

heat exchanger 210. As a rg ult, ghe refriggrating

iRg 15 can be further

i ncreased by -the quantity of increase of the heat exchanging ability

of the indoor
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heat exchanger 210 as

stage, the refrigerant circuit 217 and the refrigerant
circuit 220 execute cooling operations independently of
each other. 1In, for ekample, the refrigerant circuit 220,
the refrigerant (whose flow direction is indicated by the
solid lines in Fig. 9) discharged from the compressor 201
is condensed by the outdoor heat exchanger 203 which
operates as a condenser and made to pass through the heat
exchanger 225B in the state .in which it executes no heat
exchange and the check wvalve 209. Subsequently, the
refrigerant is 1reduced in pressure by the expansion
mechanism 211 of the indoor units D and E, evaporated by
the indoor heat exchanger 210 which operates as an
evaporator and sucked into  the compressor 201 through the
accumulator 208 of the outdoor unit A. The same operation
is executed in the refrigerant circuit 217.

Assume now that a decision is made so that there
is a surplus of low-temperature heat on, for example, the
refrigerant circuit 217 side and there is a shortage of
low-temperature heat on the refrigerant circuit 220 side
based on the outputs of the pressure sensors 235 and 236
while the refrigerant circuits 217 and 220 are executing
the cooling operations. According to this result of
decision, the control means brings the on-off valve 231
into the closed state and brings the on-off valve 231B into

the opened state, thereby shifting the operation of the



conpared with the case where a single refrigerant is used.

If. it is decided that there is a surplus of |ow t enper at ure heat
on the refrigerant circuit 220 side and 20 g Tty age  of
| ow-tenperature heat on the refrigergﬂﬁﬁé“ﬂgﬂE* NHEET e
conversely to the above case based on the} outputs of tHe |pressure
sensors 235 and 236 while the refrigerant cnqygUstg?7 and 220 are
executi ng t he cooling operations, then facicording to thijs|result of
25 decision, the control neans sets the on-jpfT—varve=28t=td
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refrigerant circuit 220 into the cooling operation for

executing supercooling. In this stage, part of the
refrigerant flowing through the refrigerant circuit 217
diverges to flow as a bypass-flow refrigerant (whose flow
direction is indicated by dash lines in Fig. 9) through the
bypass circuit 230B. As a result, the supercooling heat
exchanger 225B executes heat exchange between the main-flow
refrigerant flowing through the refrigerant circuit 220 and
the bypass-flow refrigerant flowing through the bypass
circuit 230B. That is, in the refrigerant circuit 220, the
refrigerant discharged from the compressor 201 is condensed
by the outdoor heat exchanger 203 which operates as a
condenser and supercooled by the heat exchanger 225B.
Then, the reffigerant passes through the check valve 209.
Subsequently, the refrigerant is reduced in pressure by the
expansion mechanisms 211 of the indoor units D and E,
evaporated by the indoor heat exchanger 210 which operates
as an evapbrator and then sucked into the compressor 201
through the accumulator 208 of the outdoor unit A.

As described above, by supercooling the
refrigerant in the heat exchanger 225B, the refrigerating
effect can be increased as compared with the case where no
supercooling is executed. Furthermore, the boiling points.
of the refrigerants constituting the nonazeotrope

refrigerant flowing into the indoor heat exchanger 210



t he opened state and sets the on-off valve 231B to the closed state,
thereby shifting the operation of the refrigerant circuit 217 into the
cooling operation for executing supercooling. |NDUSTRI AL APPLI CABI LI TY
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differ from each other, and therefore, a gradient
(inclination to the specific enthalpy axis, referred to as
a "temperature gradient" hereinafter) is generated at the
isothermal line in a dual-phase region (wet steam range) of
the Ph diagram shown in Fig. 2. Due to the temperature
gradient in this dual-phase region, the inlet temperature
of the indoor heat exchanger 210 is reduced as compared
with the case where a single refrigerant is used.
Therefore, a temperature difference between the indoor air
whose heat is absorbed by the indoor heat exchanger 210 and
the refrigerant passing through the indoor heat exchanger
210 becomes great, thereby increasing the heat exchanging
ability of the indoor heat exchanger 210. As a result, the
refrigerating capacity improving effect due to supercooling
can be further increased by the quantity of increase of the
heat exchanging ability ofl the indoor heat exchanger 210 as
compared with the case where a single refrigerant is used.
If it is decided that there is a surplus of low-
temperature heat on the refrigerant circuit 220 side and
there is a shortage of low-temperature heat on the
refrigerant circuit 217 side conversely to the above case
based on the outputs of the pressure sensors 235 and 236
while the refrigerant circuits 217 and 220 are executing
the cooling operations, then according to this result of

decision, the control means sets the on-off valve 231 to



supercooling and is useful for inproving the refrigerating capacity of t he

“air conditioner. - 26 -
VWHAT IS CLAI MED I S: 1. An air conditioner having a refrlgerant
circuit in which a refrigerant flows through a CRITR I@;éﬁ Raagnser,

a supercooling heat exchanger, a first expansion nmegcHe L alatia
evaporator in this order, wherein a nonazeotrope refrlgerant i S used as the
refrigerant, and 5 wherein t he super cool i ng heat exchaqquugupg@cco[s t he
refrigerant by means of |ow tenperature heat stjorjed in ice.

An air conditioner having a refrigerant circuit in ' BT
flows through a - 25 _ _ _—

the opened state and sets the on-off wvalve 231B to the
closed state, thereby shifting the operation of the
refrigerant circuit 217 into the cooling operation for
executing supercooling. |

5 INDUSTRIAL APPLICABILITY

The present invention can be applied to an air
conditioner having a refrigerant circuit which executes
supercooling and is useful for improving the refrigerating

capacity of the air conditioner.
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conpressor, a condenser, a t exchanger, a first expansion
mechan! sm and an 10 evaporeitﬂ!'iﬁ Eﬁmpﬂlﬂﬂgr , Wherein a nonazeotrope
refrigerant is used as the' I y wistmme

heat exchanger of the refrigerant circuit supercc

means of | owtenperature heat supplied from anoth
' -26-

ref ri gerant
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WHAT IS CLAIMED IS:
1. An air conditioner having a refrigerant circuit in which a refrigerant flows through a
compressor, a condenser, a supercooling heat exchanger, a first expansion mechanism and an
evaporator in this order, wherein a nonazeotrope refrigerant is used as the refrigerant, and
5 wherein the supercooling heat exchanger supercools the refrigerant by means of low-

temperature heat stored in ice.

2. An air conditioner having a refrigerant circuit in which a refrigerant flows through a
compressor, a condenser, a supercooling heat exchanger, a first expansion mechanism and an
10 evaporator in this order, wherein a nonazeotrope refrigerant is used as the refrigerant, and
wherein the supercooling heat exchanger of the refrigerant circuit supercools the refrigerant

by means of low-temperature heat supplied from another refrigerant circuit.




