10

15

20

25

REFRIGERATING APPARATUS

TECHNICAL FIELD

The present.il.‘lvention relates to a refrigerating apparatus
wherein a heat-source-side refrigerant circuit and a use-side
refrigerant circuit are connected to each ether such that heat
exchange 1is 'allowed therebetween and heat transfer is
accomplished between the heat-source-side refrigerant circuit
and the use-side refrigerant circuit through the hear exchange.
More particularly, the present invention relates to an improved
refrigerating apparatus having a use-side refrigerant circuit
including a plurality of heat exchangers such that some of the
heat exchengers perform heat absorbing operation, while the

others perform heat releasing operation.

BACKGROUND ART

There has conventionally been known a refrigerating system
comprising a plurality of refrigerant circuits such as one
disclosed in Japaneee Unexamined Patent Publication No. SHO
62-238951. The refrigerating system of this type comprises a
primary refrigerant circuit eomposed of: a compressor; a
heat-source-side heat exchanger} a pressure reducing'mechanism;
and a heat-source-side heat exchanging part of a middle heat
exchanger which are connected to each other by refrigerant piping

and a secondary refrigerant circuit composed of a pump, a use-side
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heat exchanging part of the.middle heat-exchanger, and a use-
side heat exchangér which are connected to each other by the
refrigeran; piping. In the middle heat exchanger, heat is
exchangeable between the heat-source-side heat exchanging part
and the use—éide heat exchanging part. In the case of applying
the system to an air coﬁditioner, the use—éide heat exchanger is
disposed in a room. | |
In such a structure, indoor air conditioning is performed

bycausingeaheatexchangebetweentheprimaryrefrigerantcircuit

~ and the secondary refrigerant circuit by means of the middle heat

exchanger and transferring heat from the primary refrigerant
circuit to the secondary refrigerant circuit.
As an example of a refrigerating system having a plurality

of use-side heat exchangers each cépable' of selectively

performingheatabsorbingoperationandheatreleasingoperation,

there is an apparatué disclosed in Japanese Unexamined Patent
Publication No. HEI 6—82110. The primary refrigeranf circuit
of the apparatus has a primary heat exchanger for heating and a
primary heat exchanger for cdoling. On the other hand, the

secondary refrigerant circuit thereof has a circuit for heating

‘and a circuit for cooling. 1In the circuit for heating, a secondary

heat exchanger for heating which exchanges heat with the primary
heat exchanger for heating, an indoor heat exchanger for heating,
and a pump are connected successivelly. In the circuit for cooling,
a secondary heat exchanger for cooling which exchanges heat with
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the prixﬁary heat exchanger for cooling, an indoor heat exchanger
for cooling, and a pump are connected successively.
In the structure, if a cooling load is larger than a heating

load, the heat-source-side heat exchanger of the primary

refrigerant circuit is used as a condenser. Conversely, if the

heating load is larger than the cooling load, the heaf—source—side
heat exchanger of the primary refrigerant circuit is used as an
evaporator. This enables some of the use-side heat exchangers
and the othersﬂ thereof to simultaneously and individually perform
heat absorbing operation and heat releasing operation in

accordance with an air conditioning load.

Problems to be Solved by the Invention

The primary refrigerant cifcuit, the secondary heat
exchanger for heating, and the secondary heat exchanger for
cdoli_ng are contained in an outdoor unit of the foregoing
apparatus in which the plurality of use-side heat exchangers are
capable of simultaneously and individually perfo_rming the heat
absorbing operation and the heat releasing operation. On the
other hand, the indoor heat exchanger for heating and the indoor.
heat exchanger for cooling are contained in each of indoor units.
The outdoor unit and the indoor unit are connected to each other
by four connectiﬁg pipes. Sbecifically, the outdoor unit and the
indoor unit are connected to each other by out.going and incoming
pipes for the heating circuit and outgoing and incoming pipes for
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the cooling circuit.

In the apparatus Qf this type, there has been a request for
a reduction ih the number of connecting pipes in order to provide
asimplerstructureandaisimplerinstallingoperation. However,
since each of the heating circuif and the cooling circuit requires
theoutgoingpipeandtheincomingpipeintheforegoingstructure,
the requiremenf cannot be satisfied.

The present invention has been achieved in view of the
foregoing and it is therefore an object of the present invention
to provide a secondary refrigerant system comprising a plurality
of use—side'heat exchangers, whibh is a refrigerating apparatﬁs
wherein the heat exchangérs are capable of simultaneously and
individually performing heat absorbing operation and heat
releasing operation and a reduced number of connecting pipes are

provided.

DISCLOSURE OF THE INVENTION
Outline of the Invention
The present invention provides a. plurality of heat
exchangers in a use-side part and causes the heat exchangers to
perform heat reléasing operation and heat ab;orbing operation,
while allowing the uée—side part and a heat~source-side part to

be connected to each other by two gas pipes.

Means for.Solving the Problems



10

15

20 .

25

Specifically, first solving means as shown in Figure 1 is
for arefrigerating apparatus comprising: a heat—source-side unit
(A) ; use-side units (B, C); and at leést one of heat exchangers
(12, 14) contained in each of the use-side units (B, C), heat
generated in thé heat—sourde—side unit (A) being supplied to the-
use-side units (B, C), at least one (12) of the heat exchangers
forﬁing a heat?releasefside heat exchanger (12) for performing
heat releasing operation, the other (14) of the heat exchangers
formingeaheat—absdrption—sideheatexchénger(1{)forperforming
heat absorbing operation.

The heat-source-side unit (A) includes a heating element
(38), a cooling element (5A), a heat absorbing element (3B) for
receivinglwarm heat from the heatihg elemenf (BA), and a heat
releasing element (5B) for receiving cold heat from the cooling
element (53).

Moreover, transfer means (11), the heat absorbing element
(3B), the heat releasing eiement (5B), and the heat exchéngers
(12, 14) are connected to each other by a liquid pipe (LL) and
gas pipes (GH, GL) to constitute a use-side refrigerant circuit
(10) through which a refrigérant circulates.

In addition, in the use-side refrigerant circuit (10), the

liquid refrigerant is evaporated in the heat absorbing element

- (3B) with the warm heat from the heating element (3a), the gas

refrigerant flows to the use-side units (B, C) via the gas pipe
(GH) and releases heat in the heat-release-side heat exchanger

5



10

15

20

25

(12) to be condensed, the liquid refrigerant absorbs; heat in the
heat-absorption-side heat exchanger (14) to be evaporated, the
gas refrigerant flows to the heat-source-side unit (A) via the
gas pipe (GL) to be condenséd in the heat releasing element (5B)
with the chd heat from the cooling element (5A), and then the
liqﬁid refrigerént flows into the heat absofbing element (3B).

In the first solving means, the heat-source-side unit (A)
and the use-side units (B, C) are connected té each other by the

two gas pipes (GH, GL). The gas pipes (GH, GL) enable the

.circulating operation of the refrigerant in the use-side

refrigerant circuit (10), while enabling one heat exchanger (12)
and the othe; heat exchanéer (14) to simultaneously perform heat
releasing operation and heat absorbing operation, respectively.

As shown in Figure 2, second solving means is 01;>tained by
providing, in the first solving-means, a bypass path (20) in the.
use-side refrigerant circuit (10) such that the condensed
refrigerant in the heat-release-side heat exchanger (12) bypasses
the hez_:lt—absorptio_n—side heat exchanger (14) to flow into the heat
releasing element (5B).

As shown in Figure 3, third solving means is obtained by
providing, in the second solving means, an adjusting mechanism
(21) for adjusting a flow rate of the refrigerant bypassing the
heat-absorption-side heat exchanger (14), which is disposed in
the bypass path (20).

Fourth éolving means is obtained by composing, in the third

6



10

15

20

25

solving means, the adjusting mechanism (21) of a flow rate

.adjusting valve (21) the opening rate of which is adjustable.

There is further provided 6pening raté adjusting means for
increasing5the opening rate of the flow rate édjusting'valve (21)
as a required amount of heat to be absbrbed by the heat-
absorption-side heat exchanger (14) is smaller than a required
amount of heat to be released from the heét—release—side heét
exchanger (12).

In these solving means, it is possible to adjust the
capability of the heat-release-side heat exchanger (12) to be

higher than the capability of the heat-absorption-side heat

exchanger (14). Accordingly, the structure is effective when a

requesﬁ for heat release is more urgent than a request for heat
absqrptibn. In the fourth solving means, in particular, the
amount of use-side refrigerant flowing through the bypass-path
(20) is increased as the capability required of the heat-
absorption-side heat exchanger (14) is iower than the capability

required of the heat-release-side heat exchanger (12), whereby

‘the respective capabilities of the heat exchangers (12, 14) are

adjusted.

As shown in Figure 4, fifth solving means is obtained by
providing, in .the first solving means, a bypass path (25) in the
use-side refrigerating'circuit (10) such that the condensed
refrigerant in the heat releaging element (5B) bypasses the heét
absorbing element (3B) and flows into the heat-release-side heat
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exchanger (12).

As shown in Figuré 5, sixth solving means is obtained by
providing, in the fifth solving means, an adjusting mechanism (26)
for adjusting a flow rate of the réfrigerant bypassing the heat
absorbing element (3B) r which is disposed lin the bypass path (25).

Seventh solvingmeans is obtained by composing, in the sixth
solving means, the adjusting mechanism (26) of a flow rate
adjusting valve (26) the opening rate of thch is adjustable.
There is further pro&ided opening rate adjusting means for
increasing the opening rate of the flow rate adjusting valve (26)
as a required amount of heat to be released from the heét—
release—sideheatexchanger(12)issmallerthanearequiredamount
of heat fo be absorbed by the heat—absbrption—side heat exchanger
(14) . |

In these solving means, it is possible to adjust the
capability of the heat-absorption-side heat exchanger (14) t§ be
higher than the capability of +the heat-release-side heat
exchanger (12). Accordingly, the solving means are effective
when a request for heat absorption is more urgent than a request
for héat release. In the seventh solving means, in particular,
the amount of use-side refrigerant flowing through the bypass path
(24) is increased as the capability requireql of the heat-
release-side heat exchanger (12) is lower than the capability
requiredcﬂftheheat—absorption—sideheatexchanger(14),whereby

the respective capabilities of the heat exchangers (12, 14) are
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adjusted.

As shown in Figures 6 to 8, eighth solving meaﬁs is obtained
by connecting, in the first solving means, liquid passage pipes
(30, 35, 40) between a first liquid pipe (LL) providing a
connection between the heat releasing element (5B) and the heat
absorbiﬁg element (3B) and a second liquid pipe (LL) providing
a connection between the heat-release-side heat exchanger (12)

and the heat-absorption-side heat exchanger (14), the liquid

passage pipes (30, 35, 40) allowing the refrigerant to flow

betwéen the first pipe (LL) and the second pipe (LL).

As shown in Figure 6, ninth solving means is obtained by
providing, in the eighth solving means, the transfer means (11),
which isidisposed in the first liquid pipe (ﬁL). Moreover, the
liquid passage pipe (30) has an upstream end connected to the
second liquid pipe (LL) and a downstream end cénnected between
the transfer means (11) and the heat releasing element (5B) in
the first liquid pipe (LL).

Tenth solving means is obtained by providing, in the ninth
solving means, a fléw rate adjusting valve (31) the flow rate of
which is adjustable in the liquid passage pipe (30). There is
further provided opening rate adjusting means for increasiﬁg an
amount of refrigerant flowing through the liquid passage pipe (30)
by increasing the opening rate of the flow rate adjusting valve
(31) as a required amount of heat to be absorbed by the heat-
absorption-side heat exchanger (14) is smaller than a réquired
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amount of heat to be released from the heat-release-~side heat
exchanger (12).
As shown in Figure 7, eleventh solving means is obtained

byproviding,jj1theeighthsolvingmeans,thetransfermeans(11),

.which is disposed in the first liquid pipe (LL). Moreover, the

liquid passage pipe (35) has an upstream end connected between
the transfer means (11) and the heat releasing element (5B) in

the first liquid pipe (LL) and a downstream end connected to the

" second liquid pipe (LL).

Twelfth solviﬁg means is obtained by providing, in the
eleventh solving means, a flow rate adjusfing valve (36) the
opening rate of which is adjustable in the liquid passage pibe
(35). _There is further provided opening rate adjusting meahs for
increasing an amount of refrigerant flowing through the liquid
passage pipe (35) by increasing'the opening rate of thé flow rate
adjusting valve (36) as a required amount of heat to be released
from the heat-release-side heat exchanger (12) is smaller than
a required amount of heat to ‘be absorbed by the heat-
absorption-side heat exchanger (14).

"As shown in Figure 8, thirteenth solvinglneans is obtained
bydisposing,intheeﬂghthsolvingmeans,twotransfermeans(11a,
11b), which are disposed in the first liqliid pipé (LL) . Moreover,-
a liquid,passagé pipe (40) is connected between the two transfer
means (lla, 11lb) in the first liquid pipe (LL).

Foﬁrteenth solving means is obtained by providing, iﬁ the
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thirteenth solving means, capability .adjusting means for
adjusting the transfer capability of the downstream transfer
means (11b) to be higher than the transfer capability of the
upstream transfer means (1la) as a requiréd amount of heat to be
absorbed by the heat-absorption-side heat exchénger (14) 1is
smaller than a required amount of heat to be released from the
heat-release-side heat exchanger (12), while adjusting the
transfer.capability of the upstream transfer means (1la) to be
higher than the transfer capability of the downstream transfer
means (11lb) as a required amount of heat to be released from the
heat-release-side heat exchanger (12) is smaller than a required
amount of heat to be absofbed by the heat-abéorption—side heat
exchanger (14).

As shown in Figure 9, fifteenth solving means is obtained
byproviding,intheeighthsolvingmeans,thetransfermeéns(l;),
which is disposed in the first liquid pipe (LL). The portion of
the liquid passagé pipe (40) connected to the first liquid pipe
(LIJ is divided into a first branch pipe (40a) _ and a second branch
pipe (40b), the first branch pipe (4Qa) being connected between
the heat releasing element (5B) and the transfer means (11) in

the first liquid pipe (LL), the second branch pipe (40b) being

~ connected between the transfer means (11) and the heat absorbing

element (3B) in the first liquid pipe (LL). In addition, é first
flow rate control valve (41la) and a second flow rate control valve
(40b) are provided in the first branch pipe (40a) and in the second
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branch pipe (40b), respectively.

Sixteenth solving means is obtained by providing, in the
fifteenth solving means, open/close control means for opening the
first flow rate control valvé (41la) and closing the second flow
rate control wvalve f41b) when a required amount of heat to be
absorbed by the heét—absorption—side heat. exchanger (14) is
smaller than a required ambunt of heét to be rele_ased from the
heat—release—side heat exchanger (12), while opening the second
flow rate control valve (élb) and closing the-first flow rate
control valve (4la) when a required amount of heat to be released
from the heat-release-side heat exchanger (12) is smaller than
a - required amount of heat to be absorbed by the heat-
absorption-side heat exchanger (14) .

As shown in Figure ;0, seventeenth solving means is obtained
byproviding,intheedghthsolvingmeans,thetransfermeans(11),
which is-disposed in the firét liquid pipe (LL). The portion of
the liquid passage pipe (40) connected to the first liquid pipe
(LL) is divided into a first branch pipe (4..0a) and a second branch
pipe -(40b) + the first branch pipe (40a) being connected to the
gas _pipe (GL) upstream of the heat releasing element (5B), the
second branch pipe (40b) being connected between the transfer
means (11) and the heat absorbing element (3B) in the first liquid
pipe (LL). A first flow rate control valve (42a) and a second
flow rate control valfre (42b) are provided in the first branch
pipe (40a) and in the second branch pipe (40b).
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Eighteenth solving means is obtained by providing, in the
seventéenth solving means, opening rate adjusting means for
adjusting respective opening rates of the flow rate control valves
(42a,42b)suchthattheopeningrateofthefirstflowratecontrol.
valve (42a) is hiéher than the opening rate of the-second flow
rate control valve (42b) as a required amount of heat to be absorbed
by the heat—absorption—side heat exchanger (14) is smaller than

a required amount of heat . to be released from the heat-

. release-side heat exchahger (12) and that the opening rate of the

second flow rate control valve (42b) is higher than the ppening
rate of the first flow rate control valve (42a) as a required amount
of heat to be released from the heat-release-side heat exchanger
(12) is smaller than a required amount of heat to be absorbed by
the heat-absorption-side heat exchanger (14).

In these solving means, the respective capabilities of the
heat exchangers (12, 14) can be changed by alloWing at least a
part of the refrigerant circulating through the use-side
refrigerant circuit (10) to flow through the liquid passage pipes
(30, 35, 40). |

Specifically, in the ninth and tenth solving means, the
capability of the heat-release-side heat exchanger (12) can be
adjusted to be higher than the capability of the heat-
absorption-side heat exchanger (14) by allowing a part of the
refrigerant to prass the heat-absorption-side heat exchanger
(14).
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In the eleventh and twelfth solving means, the capability
of the heat—absorpti'on—side heat exchanger (14) can be adjusted

to be higher than the capability of the heat-release-side heat

. exchanger (12) by allowing a part of the refrigerant to bypass

the heat-release-side heat exchanger (12).

In the fifteenth and sixteenth solving means, the
respective capabilities oflthe heat exchangers (12, 14) can be
changed with the provision of only one transporting means (11).
Inlthe seventeenth and eighteenth means, the refrigerant that has

flown out of the heat-absorption-side heat exchanger (14) can

" surely be liquefied in the heat releasing element (5B) and the

ingress of the refrigerant in a gas phase into the transporting
means (-11) can be circumvented, which is partiqularly effective
when the'tr-ansporting means (11) is composed of a mechanical pump..

As shown in Figure 11, ninéteenth sdlving means is obtained
by providing, in any one of the first to eighteenth solving means,
a plurality of heat-source-side units (Al, A2). Respective gas
sides of t-he heat absofbing elements (3B) of the individual
heat-source-side units (Al, A2) are connected to each other and
to the heat-release-side heat exchaﬁger (12) via the gas pipe (-GH) '

while respective gas sides of the heat releasing elements (5B)

- of the individual heat-source-side units (Al, A2) are connected

to each other and to the heat-absorption-side heat exchanger (14)
via the gas pipe (GL).
In this solving means, the extent to which the capability
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of each of the heét exchangers (12, 14) is adjustable is enlarged
by controlling the respective capabilities of the héat-—
source-side units (Al., A2).

As shown in Figqre 12, twentieth solving means is obtained
by providing, in the any one.of first to eighteenth solving means,
an auxiliary heat-source-side unit (A2). The auxiliary heat-
source-side unit (A2) is switchable between a heat-release
assisting- action of supplying the gas refrigerant to the
heat-release~side heat exchanger (12) and recovering the liquid
refrigerant flowing out of the heat-release-side heat exchanger
(12) without allowing the refrigerant. to pass through the
heat—absorption-—side. heat exchanger (14) and a heat-absorption
assisting action of supplying the liquid refrigerant to the
heat-absorption-side heat exchanger (14) without allowing the
refrigerant to pass through the heat-release-side heat exchanger
(12) and recovering the gas réfrigerant flowing out of the
heat-absorption-side heat exchanger (14).

Twenty-first solving means is ébtairied by providing, in the
twentieth solving means, transfer means (50), a heat exchanger
(52) , and flow-path switching means (51), which are disposed in
the auxiliary heat-source-side unit (A2). The heat-release
assisting action of the auxiliary heat-source-side unit (A2)
includes switching the flow-path switching means (51), supplying
the gas refrigerant ejected from the transfer means .(50) and
evaporated in the heat exchanger (52) to the heat-release-side
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heat exchanger (12), and recovering, in the transfer means (50),
the liquid refrigerant condensed in the h’oat-*release—side heat
exchanger (12). On the other hand, the heat-absorption assisting
action of tﬁe auxiliary heat-source-side unit (A2) includes
switching the flow-path switchino means (51), supplying the
liquid refrigerant ejected from the transfer means (50) to the
heat-absorption-side heat exchanger (14), and condensing, in the
heat éxchanger (52), the gas refrigerant passing through the
heat-absorption-side heat exchaoger (14) and circulating through
the use-side refrigerant circuit (10) such that the refrigerant
is recovered by the transfer means (50).

In this solving means, the capability of the heat-
release-side heat exchanger (12) can be enhanced during the
heat-release assisting action, while the capability of the

heat-absorption-side heat exchanger (14) can be enhanced during

‘the heat-absorption assisting action.

Twenty-second solving means is obtained by providing, ir_1
the .twenty—'first solving means, switch coptrol means for
switching the flow rate switching means (51) such that the
heat-release assisﬁing action is performed when a required amount
of heat to be released from the heat-release-side heat exchanger
(12) is larger fhan a required amount of heat to be absorbed by
the heat;absorptiori—side heat exchanger (14) and the heat-
absorption assisting action is performed when the requited amount
of heat fo be absorbed by the heat-absorption-side heat exchanger
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(14) is larger than a required amount of heat to be released from
the heat-release-side heat exchanger (12).

As shown in Figures 13 to 22, twenty-third solving means
is obtained by providing, in any one of the first fo twenty—séco.nd
s_olving means, switching means (D1, D2) for selectively switching
the respective gas sides of the heat exchangers (12, 14) between
the heat absorbing element (3B) and the heat releésing element
(5B) to provide connections between the respective gas sides and
the selected ones of the elements in the use-side refrigerant
circuit (10).

In this sol%ring means, it is possibie to arbitrarily switch
each o_f the heat exchangers (12, 14) between the heat releasing
operation and the heat absorbing operation.

Twenty-fourth solving means is obtained by providing_, in
the twenty-third solving mean's‘, first switching valves (55a, 55¢)
for switching the respectivé gas sides of the heat exchangers (12,
14) and the heat absorbing element (3B) between a coﬁmunicating _
state and an interrupted state and second switching valves (55b,
55d) for switching the respective gas sides_of the heat exchangers
(12, .11.4) and the heat releasing.-element (5B) between the
communicating state and the interrupted staté, which are disposed
in the ._ switching means (D1, D2).

There is further provided switch control means for
controlling the switching means (D1, D2) such that the heat
exchangers (12, 14) connected to_the switching means (D1, D2)

s
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being formed into heat-release-side heat exchangers (12, 14) by
opening the first switching valves (55a, 55¢) and closing the
second switching valves (55b, 55d) in one qf the switching means
(D1, D2) and that the heat exchangers (12, 14) connected to the
other of the éwitching means (D1, D2) being formed into heat-
absorption-side heat exchangers (12, 14) by closing the first
switching valves (55a, 55¢) and opening the second switching
valves (55b, 55d) in the other of the switching means (D1, D2).

Twenty-fifth solving means is -obtairied by using, in any one
of the first to twenty-fourth s'olving means, a mechanical pump
as _trans-f'er means (11).

Twénty—sixth solving means is obtained by providing, in any
one of first to twenty-fourth soiving means, at least one of
pressgr'e iﬁcreasing meang' (71) for heating the liquid refrigerant
and generating a high pressure and pressure reducing means (72)
for cooling the gas refrigerant and generating a low pressure,
which are disposed in the transfer means (11). The transfer meané
(11) generates a driving force for circulating the refrigerant
in the use_—side refrigerant circuit (10) .with the pressure
generated by the p-ressulre increasing means (71) or by the pressure
reducing means (72).

In this so.l_ving means,' the refriger_ant in the use-side
refrigerant circuit (10) can surely be circulated. In the
twenty-sixth éolving means, in particular, a circulation driving
force can be obtained by effecti-vely using a phase shift in the
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refrigerant.

Effects

With the first solving means, therefore, heat releasing
operation and heat absorbing operation can be performed
simultaneously in one heat exchanger (12) and in the other heat
exchanger (14), respectively, by connecting the heat-source-side
unit (A) and the use-side units (B, C) by the.two gas pipes (GH,
GL). As a result, it becomes possibie to'provide a refrigerating
apparatus capable of simultaneously performing heat releasing
operation and heat absorbing operation and having a.simpler
structure and reduce the manufactufing cost therefor.

Since the number of connecting points is reduced as the
number of pipes is reduced, the épparatus can be installed by
simpler installing operation.

In the second to fourth solving means, a bypass path (20)
ié provided for allowing the refrigerant to bypass the heat-
absorption-side heat exchanger ~ (14). Accordingly, ~the
capability of the heat-release-side heat exchanger (12) can be
adjusted "to be highef. than the capability of .the heat-
absorption-side heat.exchanger (14) with a simple structure.

In the fifth to seventh solving means, a bypass path (25)
is provided for allowing the refrigerant to bypass the heat-
absorbing element (3B). Accordingly, the capability of the
heat—absorptioh—side héat'exchanger (14) can be adjusted to be
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higher than the capability of the heat-release-side heat
exchangér (12) with a simple structure. |

In the eighth to. eighteenth solving means, liquid passage
pipes (30, 35, 40) are provided between the first liciuid pipe (LL)
and the second liquid pipe (LL). As a result, it becomes possible
to change the respective capabilities of the heat exchangers (12,
14) by allowing at least a part of the refrigerant circuléting
through the use-side refrigerating circuit (10) to flow through
the liquid passage pipes (30, 35, 40) and thereby increasing the
versatility of the apparatus. |

With the fifteenth solving means, in particular, the
respective capabilities of the heat exchangers (12, 14) can be
changed with the provision of only. one trahsporting means (11).

With the seventeenth solving means, the refrigerant that
has flown oiit 6f the heat-absorption-side heat exchanger (14) cén
surely be liquefied in the heat releasing element (5B) and the
ingress of the refrigérant in a gas phase into the transporting
means (11) can be clircumvented. In this case, the structure is
particularly effective when the transporting means (11) is
composed of a mechanical pump since the breakdown of the pump is
prevented, resulting in improved reliability.

In the nineteenth solving means, the plﬁrality of heat-
source-side units (Al, A2) are provided and the respective heat
absorbing elements (3B) and heat releasing elements (5B) thereof

are connected in parallel. As a result, the extent to which the
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respedtive abilities of the heat exchangers (12, 14) are
adjustable can be enlarged by controlling the respective
capabilities of the heat—sourcé—side units (Al, A2), whereby the
versatility is increased.

Since the plurality of heat-source-side units (Al, A2) are
provided in the twentieth to twenty—éecond solving means and each
of thé heat-source-side unit A2 is switchable between the
heat-release assisting action and heat-absorption assisting
action, the respective capabilities of the heat exchangers (12,
14) are variable.

-Inﬁhetﬁenty—thirdandtwenty—fourthn@ans,therespective
gas sides of the heat exchangers (12, 14) are in selective
communication witﬁ the heat absorbing.element-(BB).or with the
heat releasing element (5B). Accordingly, each of the heat
exchangers (12, 14) can be switched arbitrarily between heat
releasing action and the heat absorbing action. In the case where
the refrigerating apparatus is applied to the air conditioner,
e.g., there can be implemented a so-called cooling/heating free

air conditioner in which each of the heat exchangers is

.independently switchable between cooling and heating operations.

With the twenty-fifth and twenty-sixth solving means, the
refrigerant in the use-side refrigerant éircuit (10) can surely
be circulated.

With the twenfy—seventh solving means, it is possible to
cause the refrigerant to perform more effective and reliable
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circulating operation than in the case where a mechanical pump

is used.

BRIEF DESCRIPTION OF THE DRAWINGS '
5 Figure 1 is a refrigerant piping diagram of EMBODIMENT 1;
Figure 2 is a refrigerant piping diagram of EMBODIMENT 2;
Figure 3 is a refrigerant piping diagram of a variation of
EMBODIMENT 2;
Figure 4.is a refrigerant piping diagram of EMBODIMENT 3;
10 + Figure 5 is a refrigerant piping diagram of a variation of
EMBODIMENT 3;
Figure 6 is a refrigerant piping diagram of EMBODIMENT 4;
Figure 7 is a refrigerant piping diagram of EMBODIMENT 5;
Figure 8 is a'refrigerant piping diagram of EMBODIMENT 6;
15 Figure 9 is a refrigerant piping diagram of a first
variation of EMBODIMENT 6;
Figure 10 is a refrigerant piping diagram of a second
variation of EMBODIMENT 6;
.Figure 11 is a refrigerant piping diagram of EMBODIMENT 7;
20 Figure 12 is a refrigerant piping diagram of EMBODIMENT 8;
Figure 13 is a refrigerant piping diagram of EMBODIMENT 9;
Figure 14 is a refrigerant piping diagram of EMBODIMENT 10;
Figure 15 is a refrigerant piping diagram of EMBODIMEN&‘ 11;
Figure 16 is a refrigerant piping diagram of EMBODIMENT 9
- 25 to which the structure of EMBODIMENT 4 has been aéplied;
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Figure 17 is a refrigerant piping diagram of EMBODIMENT 9
tb which the structure of EMBODIMENT 5 has beenlapplied;

Figure 18 is a refrigerant piping diagram of EMBODIMENT 9
to which the structure of EMBODIMENT 6 haé been applied;

Figure 19 is a refrigerant piping diagram of EMBODIMENT 9

to which the structure of the first variation of EMBODIMENT 6 has

been applied;

Figure 20 is a refrigerant piping diagram of EMBODIMENT 9
to which the structure of the second variation of EMBODIMENT 6
hés been applied; |

Figure 21 is a réfrigerant piping diagram of EMBODIMENT 9
to which the sﬁructure of EMBODIMENT 7 has been applied;

Figure 22 ié a refrigerant piping diagram of EMBODIMENT 9
to which the structure of EMBODIMENT 8 has been applied; |

Figure 23 is a refrigerant piping diagram of E‘.MBODIMENT 12;

Figure 24 is a view for illustrating the circulating
operation of a refrigerant in EMBODIMENT 12;

Figure 25 is a refrigerant piping diagram of EMBODIMENT 13;
and

Figure 26 is a view. for illustratihg the circﬁlating
operation of the refrigerant in EMBODIMENT 13.

BEST MODE FOR IMPLEMENTING THE INVENTION
Referring to the drawings, the embodiments of the present

invention will be described.
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EMBODIMENT 1
In the present embodiment, a refrigerating apparatus
according to the present invention is applied to a refrigerant

circuit of an air conditioner.

Description of Refrigerant éircuit

The éircuit structure of the refrigerant circuit according
to the present embodiment will be described first with reference
to Figure 1. |

Therefrigerantcircuitaccordingtx>thepresentembodiment
is a so-called seconda;y refrigerant system comprising a primary
refrigerant. circuit (1) as a heat source and a secondary
refrigerantqircuit(lO)aszause—siderefrigerantcircuit. Heat
transfer is performed between the primary refrigerant cifcuit (1)
and the.secondary refrigerant circuit (10) as the use-side
refrigerant ciréuit, thereby performing cooling and heating
operations in a plurality of rooms.

A description will:be given to each of the refrigerant
circuits (1, -10).

The primary refrigerant circuit (1) is composed of a
compressor (2), a heat releasing element (3A) of a heat exchanger
(3) for heating, an electromofive expanéion valve .(4) , and a heat
absorbihg.element (532) of a heat exchanger (5) for cooiing which
are connected successively by primary refrigerant piping (6) such

24



10

15

20

25

that a heat-source-side refrigerant is circulatable. The heat
releasing element (3A) of the heat exchanger (3) for heating forms
a heating element in accordance with the present invention. The

heat absorbing element (5A) of the heat exchanger (5) for cooling

forms a cooling element in accordance with the present invention.

On the other hand, the secondary re_frigerant circuit (10)

.is composed of a pump (1l1l) as transfer means, a heat absorbing

element (3B) of the heat exchanger (3) for heating, a first indoor
heat exchénger (12) as a heat-release-side heat exchanger, an
electromotive valve (13), a second indoor heat exchanger (14) as
a heat-absorption-side heat exchanger, and a heat releasing
element (5B) of the heat exchanger (5) fqr cooling which are
connected successively by secondary refrigerant piping (15).
The secondary refrigerant piping (15) providing a
connection between the heat absorbing e.lement (3B) of the heat
exchanger (3) for heating and the first indoor heat exchanger (12)
forms a high-pressure gas pipe (GH). The secondary refrigerant
piping (15) providing a connection between the second indoor heat
exchanger (14) and the heat releasing element ' (5B) of the h_eat
exchanger (5) for cooling forms a low-pressure gas pipe (GL).
On the other hand, the secondary refrigerant piping (15)
providi'ng a connection between the heat releasing element (5B)
of the heat exchanger (5) for cooling and the heat absorbing
element (3B) of the heat exchanger (3) for heating forms a liquid
pipe (LL) as a first liquid pipe, while the refrigerant piping
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(15) providing a connection bétween the first indoor heat
exchanger (12) and the second indoor heat exchanger (14) forms
a liquid pipe (LL) as a second liquid pipe.

In the structure, when the refrigerant circulates through
each of the refrigerant circuits (1, 10), heat is released from
the heat-source-side refrigerant to the use-side refrigerant
through a heat exchange in the heat exchanger (3) for heating.
Then, heat is released from the use-side refrigerant _to the
heat~source-side refrigerant thr'opgh a heat exchange in the heat
exchanger for (5) cooling. '

The foregoing primary refrigerant circuit (1), pump (11),
heat exchanger (3) for heating, and heat exchanger (5) for cooling
are contained in an outdoor unit (A) as a heat—sourcé-—side unit.
On the other hand, the first indoor heat excﬁanger (12) is
contained in a first indoor unit (B) as a use-side unit, while
the ele’ctfomotive valve (13) and the second indoér heat exchanger
(14) are contained in a second indoor ﬁnit (C) as the use—side
unit. The outdoor unit (A) is disposed outdoor, while the indoor
units (B, C) are disposed in individual rooms.

Description of Circulating Operation of Refrigerant

Next, a description will be given to the circulating
operation of a refrigerant;

During the circulating operation, the compressor (2) of the
primary refrigerant circuit (1) and the pump (11) of the secondary
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refrigerant circuit (10) are driven with the respective
electromotive valves (4, 13) of the refrigerant circuits (1, 10)
adjusted to specified opening rates.

In the priméry refrigerant circuit '(1), the heat-
source-side -refrigerant which has been ejectéd from the
compressor (2) exchanges heat with the use-side refrigerant in
the heat exchanger (3) for heating to be condensed, as indicated
by the broken arrows in Figure 1. The condensed heat-source-
side refiigerant is reduced in pressure in the electromotive
expansion valve (4) and exchaﬁges heat with the use-side
refrigerant in the heat exChanger (5) for cooling to evaporate.
Thereafter, the heat;sourcé—side refrig.erant is recovered by the

compressor (2). The foregoing circulating operation of the

heat-source-side refrigerant is performed continuously in the

primary refrigerant cifcuit (1).

| In the secondary refrigerant circuit (10), on the other hand,
the use-side refrigerant in a liquid phase which has been ejected
from the pump (11) exchanges heat with the heat-source-side
refrigerant in the heat exchanger (3) for heating to evaporate,

as indicated by the solid arrows in Figure 1. The evaporated

‘use-side refrigerant in a gas phase flows into the first indoor

unit (B) through the high-pressure gas pipe (GH). In the first

indoor heat exchangef (1257 the use-side refrigerant exchanges

heat with an indoor air to heat and condense the indoor air.
Then, the use-side refrigerant in a liquid phase flows into
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thé second indoor unit €. In the second indoor heat exchanger '-
(14), the use—side refrigerant which has passed thrbugh ‘the
ellectromotive valve (13) exchanges heat with an indoor air to cool
and evaporate the indoor air.

Thereafter, the use-side refrigerant in the gas phase
passes through the low-pressure gas pipe (GL) and exchahges heat
with the heat—source—side refrigerant in the heat exchanger (5)
for cooling to be condensed and recovered by the pump (11). The
foregoing circulating operation of the use-side refrigerant is
performed continuously in the secondary refrigerant circuit (10).

Since the refrigerant performs such circulating operation,
the indoor air is heated in the first indoor unit {B), while the
indoor air is cooled in the second.indoor unit (C). In the case
of applying the apparatus of the present invention to a freezer
warehouse or the like, the first indoor ﬁnit (B) may be installed
in an office to be used as a heater in winter, whilé the second
indoor unit (C) may be used to contribute to the cooling operation
performed in the freezer warehouse.

It is also possible to dispose the indoor units (B, C) in
different rooms such thaf one of the rooms is heated and the other

rooms 1s cooled.

Effect of the Present Embodiment
As described above, according to the present embodiment,
it is sufficient to provide only the high-pressure gas pipe (GH)
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and the low-pressure gas pipe (GL) as the connecting pipes for
connecting the outdoor unit (A) to the indoor units (B, C). It
is therefore possible to simultaneously performheating operation
in some of a plurality of rooms and cooling operation in the other
rooms by using'only two connecting pipes (GH, GL). As a result,
the structure of the whole apparatus becomes simpler and the
manufacturing cost is reduced. Moreover, since connection
points are reduced in number with a reduction in the number of
pipes, the apparatus can be installed by simpler installing

operation.’

EMBODIMENT 2
| A description will be given to EMBODIMENT 2 of the present
invention with reference to Figure 2.

In the present embodiment aiso, the reflrigerating apparatus
according to the present invention is applied _to a refrigelrant
circuit of an air conditio‘nér, similarly to EMBODIMENT 1 described
above.

Since the structufe of the primary refrigerant circuit (1)
of the present embodiment is the same as in EMBODIMENT 1 described
above, the description. will be given to only a secondary
refrigerant circuit (10) .

In Figure 2, only the secondary refrigerant circuit (10)
is shown.

As shown in Figure 2, a bypass pipe (20) forming a bypass
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path which bypasses the secondary indoor heat exchanger (14) is
proviaed in the secondary refrigerant circuit (10) in the air
conditioner of the present embodiment. The bypass pipe (20) has
one end connected to the liquid pipe (LL) between the
electromotive expansion valve (13) and the second indoor heat
exchanger (14) and the other end connected to the low-pressure
gas pipe (GL) between the second indoor heat exchanger (14) and
the heat reieasing element (5B) of the heat exchanger (5) for
coolihg.

The bypass pipe (20) has a diameter smaller than that of
the liquid pipe (LL) to allow a part of the use-side refrigerant
that has passed through the electromotive valve (13) to bypass
the second indoor heat exchanger (14) and flow to the low-pressure
gas pipe (GL). |

In the structure, a part of the use-side refrigerant that
has passed through the electromotive valve (13) during'operaﬁion
flows into the second indoor heat exchanger (14) to contribute
to the cooling of the indoor air and then flows out into the
low-pressure gas pipe (GL). The remaining part.of the use-side
refrigerant in a liquid phase or in a vapor-liquid mixed phase
flows through the bypass pipe (20) to merge, in the low-pressure

gas pipe (GL), with the use-side refrigerant that has passed

.through the second indoor heat exchanger (14) and flow into the

heat releasing element (5B) of the heat exchanger (5) for cooling.
As for the other actions, they are the same as in the case
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described above in EMBODIMENT 1.

' Since a part of the use-side refrigerant is allowed to

"bypass the second indoor heat exchanger (14) in the present

.embodiment, it is possible to adjust the heating capability of

the first indoor heat exchanger (12) to be higher than the cooling

capability of the second indoor heat exchanger (14). Hence, the

.present embodiment is effective in the case where a heating load

is larger than a cooling load (hereinafter, the case will be

referred to as a “heating rich state”).

VARIATION of EMBODIMENT 2

A description will be given to a variation of EMBODIMENT
2 described above.

In the present variation, the upstream end of the bypass
pipe (20) is connected to the liquid pipe (Lﬁ) between the first
indoor heat exchanger (12) and the electromotive eXpansion.valve
(13), as shown in Figufe 3. :An electromotive valve (21) as an
adjusting mechanism which enables the adjustment of the flow rate
of the refrigerant is provided in the bypass pipe (20).

- In addition, opening rate adjusting means for adjusting the
opening rate of the electromotive valve (21) is provided in the
cdntroller of the present apparatus, though it is not depicted.

In the structure, it is possible to adjust the aﬁount of
use-side refrigerant which bypasses the seéond indoor heat
exchanger (14) by controlling the opening rate of the
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electromotive valve (21). In other words, it is possible to

obtain the refrigerant.at.a proper flow rate in the second indobr
heat exchanger (14) in accordance with the céo}ing load. In a
specific control- operation, the opening rate of the electromotive
valve .(21) is increésed accordi_ngiy as the cooling load is sméller
than the heating load such that the amount of refrigerant floWing
through the bypass pipe (20) is increased. That is, the cooling
capability is suppressed by reducing the amount 6f refrigerant

flowing through the second indoor heat.exchanger {(14).

EMBODIMENT 3

A description wiil be given to EMBODIMENT 3 of.the present
invention with reference to Figure 4.

In the present embodiment also, the refrigerating apparatus
accbrding to the present invention is applied to a refrigerant
circuit of an air conditioﬁer. The structﬁre of the primary
refrigerant circuit (15 is the same as in EMBODIMENT 1 described
above. |

Figure 4 illustrates only the secondary refrigerant circuit
(10). A bypass pipe (25) forming a bypass path which bypasses:
the heat absorbing element (3B) of the heat exchanger (3) for
heating is provided in the secondary refrigerant circuit (10) in
the air conditioner of the present embodiment.

The bypass pipe (25) has one end connected to the liquid

- pipe (LL) between the pump (11) and the heat absorbing element
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(3B) of the heat exchanger (3) for héating and the other end
connected to.the high-pressure gas pipe (GH) befween the heat
absorbing element (3B) of the heat exchanger (3) for'heéting and
the first indoor heat exchanger (12).

The b?pass pipe (25) has a diameter smaller than that of

the liquid pipe (LL) to allow a part of the use-side refrigerant

| in a liquid phase that has been ejected from the pump (11) to bypass -

the heat ébsorbing element (3B) of the heat egchanger (3) for
heating and flow into the high-pressure gas pipe (GH).

Ih.the structure, a part of the use-side refrige:ant in'the
liquid phase that has been ejected from the pump (11) during-

operation flows into the heat absorbing element (3B) of the heat

‘exchanger (3) for heating where it absorbs heat from the

heat-source-side refrigerant to evaporate and then flows out into.
the high-pressure gas pipe (GH). The remainiﬁg part of the
use-side refrigerant in a liquid phase flows through the bypass
pipe (25) to merge, in the high-pressure Qas pipe (GH), with the
use-side iefrigerant that has passed through the heat absorbing

element (3B) of the heat exchanger (3) for heating and flow into

.the first indoor heat exchanger (12).

As' for the other actions, they are the same as in EMBODIMENT
1 described above.

Thus, since a part of the use-side refrigerant is allowed
té bypass the heat absorbing element (3B) of tﬁe heat exchanger
(3) for heating in the present embodiment, the amount of heat
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received by the use-side refrigerant from the heat-source-side

refrigerant can be set smaller than the amount of heat given by

the use-side refrigerant to the heat-source-side refrigerant.

In short, the present embodiment reduces the amount of heat
released from the first indoor heat exchanger (12). Hence, the
structure of the present embodiment is effectix.ze in the éase where
the cooling load is larger than the heating load (hereinaftér,

the case will be referred to as a “cooling rich state”).

VARIATION OF EMBODIMENT 3

A description will be given to a variation of EMBODIMENT
3 described above.

In the present variation, an electromoti#e valve (26) as
an adjusting mechanism capable of adjusting the flow rate of the
refrigerant is provided in the bypass pipe (25), as-shown in Figure
5. |

In addition, opening rate adjusting means for adjusting the
opening rate of the electromotive valve (26) is provided in the
controller of the présent apparatus, though it is not depicted.

In the structure, it is possible to adjust the amount of
use—-side refrigerant which bypasses the heat absorbing element
(3B) of the heat.exchanger (3) for heating by controlling the
opening rate of the electromotive valve (26). 1In othér.words,
it becomes possible to obtain the refrigerant at a proper flow
rate in the heat absorbing element (3B) of the heat exchanger (3)
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for heating in accordance with the heating load. In a specific
control operation, the opening rate of the electromotive valve
(26) .is increased accordingly as the heating load is smaller than
the -cooling load such that the amount of refrigerant flowing
through the bypass pipe (25) is inqreased. That is, the heating
capability is suppressed by re'ducing the amount of refrigerant
flowing through £he heat ébsorbing element (3B) of the heat

exchanger (3) for heating.

Circuit Structure Capable of Hélting One of Indoor Units
Each of EMBODIMENTS 4 to 8 described above has adopted a
circuit structure which allows the circulation of the use-side

refrigerant even if one of the indoor units (B, C) is at a halt.

EMBODIMENT 4

In the present embodiment, two elect_romotive valves (13a,
13b) are provided in the liquid pipe (LL) between the first indoor
he:_slt exchanger (12) and the second indoor heat exchanger (14),
as shown in Figure 6.

A liquid return pipe (30) as a liquid passage pipe is .
connected between the liquid pipe (LL) between the electromotive
valves (13a, 13b) and t.he liquid pipe (LL) upstream of the pump
(11) (suction side). The liquid return pipe (30) is provided with
an electromotive valve (31).

In addition, opening rate adjusting means for adj usting the
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opening rate of the electromotive valve (31) is provided in the
controller of the present apparatus, though it is not depicted.

In the structure, the electromotive valve (13a) upstream

- of the liquid pipe (LL) is opened and the opening rate of the

downstream electromotive valve (13b) is reduced in the heating
rich state. On the éther hand, the electromotive valve (31) of
the liquid returﬁ pipe (30) is adjusted to a specified opening
rate. |

As a result, a part of the use-side refrigerant in a liquid
phase that has passed through the first indoor heat exchanger (12)
and the upstream electromotive valve (13a) flows into the second
indoor héat exchanger (14) to contribute to the cooling of the
indoor air, flows out into the low-pressure gas pipe (GL), is
condensed in the heat releasirng element (5B) of the heat exchanger
(5) for cooling, and returns to the suction side of the pump (11),
whiletheremainingpartofthetwe—siderefrigerantflowsthrough
the liquid return pipe (30) and returns to the suction side of

the pump (11) without undergoing a phase change. In short, the

- use-side refrigerant flowing through the liquid return pipe (30)

~ bypasses the second indoor heat exchanger. (14).

As for the other'actions, they are the same as in EMBODIMENT
1 described above.

Thus, according to the present embodiment, the adjustment
of the opening rates of the electromotive valves (13a, 13b) and
(31) allows a part of the use-side refrigerant to bypass the second
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indoor heat exchanger (14) and the heat releasing element (5B)
of the heat exchanger (5) for cooling. As a result, it becomes
possible to adjust the heating capability of the first indoor heat

exchanger (12) to be.highei than the cooling capability of the

" second indoor heat exchange: (14) .

" Therefore, the structure of the present embodiment is
effective in the case where the heating load is.larger than the
cooling load, similarly to the case described above in EMBODIMENT
2. In a specific control operation, the openihg rate of the
electromotive valve (31) is increased accordingly as the cooling
load is smaller than the heating load, whereby the amount of
refrigerant flowing through the liquid return pipe (30) is
increased. Bfiefly, the cooling capability is suppressed by
reducing the amount of refrigerant flowing through the second
indoor heat exchaﬁger (14) and the heat releasing element (5B)
of the heat exchanger (5) for cooling.

If the cooling load is equal to the heating load, the
electromotive valve (31) of the liquid return pipe (30) is closed.
As a result, the same circulating operation of the refrigerant
as ip the case described above in EMBODIMENT 1 is performed.

| If there is no cooling load, the downstream electromotive
valve (13b) is closed completely. In this case, the use-side
refrigerant circulates only between the heat absorbing element
(3B) of the heat exchanger (3) for heating and the first indoor
heat exchanger (12) and is prevented from flowing into the second
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indoor héat exchanger (14). That is, the circulating operation
of the refrigerént is such that only the heating capability is
obtainable from the first indoor heat exchanger (12).

To implement such an operating action,_the amount of heat
for evaporating the condensed heat-source-side refrigerant is
insufficient in the ﬁrimary refrigerant circuit (1). Therefore,
an air heat exéhanger'or the like for compensating for the

insufficient amount of heat is needed.

EMBODIMENT 5

In contrast to EMBODIMENT 4 described above in which only
the heating capability is obtainable from the first indoor heat
exchanger (12), énly the cooling cépability is obtainable from
the second indoor heat exchanger (14) in the preseht embodiment.
A descriptionwill be given heréin only to portions different from
EMBODIMENT 4 described above.

As shown in Figure 7, the secondafy refrigerant circuit (10)
of the present embodiment is provided with a liquid supply pipe
(35) as the liquid passage pipe in place of the liquid return pipe
(30) of EMBODIMENT 4 'desc:_ibed above. The liquid supply pipe (35)
has one end connected to the liqﬁid pipe (LL) between the

electromotive valves (13a, 13b) and the other end connected to

‘the liquid pipe (LL) downstream of the pump (11) (ejection side).

An electromotive valve (36) is also provided in the liquid supply
pipe (35).
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In addition, opening rate adjusting means for adjusting the
opening réte of the electromotive valve (36) is also provided in
the controller of the present apparatus, .though it is not
depicted.

In the structure, the downstream electromotive valve (13b)
of the liquid pipe fLL) is opéned and the opening rate of the
upstream elect_:romotive valve (13a) is reduced in the cooling rich
state. On the other hand, the electromotive valve (36) of the
liquid supply pipe (35) is adjusted to a specified opening rate.

As a re_asult, a part of the use-side refrigerant t.:hat has
ejected from the pump' (11) flows into the heat absorbing element

(3B) of the heat exchanger (3) for heating where it absorbs heat

from the heat-source-side refrigerant to evaporate, and then

flows into the high-pressure gas pipe (GH). Thereafter, the
use-side refrigerant flows through the first indoor heat
exbhanger (12) to contribute to the heating of the indoor air.

After the remaining part of the use-side refrigerant flows
through the liquid supply pipe (35), it merges with the ﬁse—side
refrigerant that has passed thrbugh the first indoor heat
exchanger (12) and flows into the second indoor heat exchanger
(14) through the downstream electromotive valve. {13b). As for
the other actions, they are the same as in the case described abbve
in EMBODIMENT 1.

Thus, according to the present embodiment, the adjustment

of the opening rates of the electromotive valves (13a, 13b) .and
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(36) allows a part of the use-side refrigerant to bypass the heat
absorbing element (3B)'of_the heat exchanger (3) for heating and
the first indoér heat exchanger (12). As é result, it becomes
possible to adjust the cooling capability §f the second indoor
heat exchanger (14) to be higher than the heating capability of
the first indoor heat exchanger (12).

Therefore, the structure of the present embodiment is
effective in the case where the cooling load is larger than the
heating load, similarly to .the case described above in EMBODIMENT
3. In a specific control operation, the opening rate of the
electromotive valve (36) is increased accordingly as the heating
load is smaller than the cooling load, whereby the_amount of
refrigerant flowing through the liquid supply pipe (35) is
increased. Biiefly, the heating capability is suppressed by
reducing the amount of refrigerant flowing through the heat

absorbing element (3B) of the heat exchanger (3) for heating and

the first indoor heat exchanger (12).

If the cooling load is equal to the heating load, thé
electromotive valve (36) of the liquid supply pipe (35) is closed.
As a result, the sam§4qircﬁlating operation of the refrigerant
as in the case described above in EMBODIMENT 1 is pgrformed.

If there is no heating load, the upstream electromotive
valve (13a) is closed completely. In thié case, the use-side
refrigerant circulates only between the heat releasing element

(5B) of the heat exchanger (5) for cooling and the second indoor
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heat exchanger (14) and is prevented from flowing into the first
indoor-heat exchar;ger (12) . That is, the circulating operation
of the refrigerant is such that only the cooling capability .is
obtainable from the second indoor heat exchanger (1_4) . |
To implement such an opérating action, the evaporated
heat-source-side refrigerant leaves residual heat in the primary
refrigerant circuit (1). lThe_refofe, an air heat exchanger or the

like for releasing the residual heat becomes necessary.

EMBODIMENT 6

The present embodiment has the components of each of
EMBOﬁIMENTS 4 and 5 in combination.

As shown in Figure 8, the secondary refrigerant circuit (10)
of the present embodiment has two electromotive valves (13a, 13b)
in the liquid pipe (LL) between the first and second indoor heat
exchangers (12) and (14).

In addition, there are two pumps (11la, 11b) provided in the
liquid pipe (LL) between the heat absorbing element (3B) of the
heat exchanger (3) for heating and the heat releasing element (5B)
of thqheat exchanger (5) for cooling. The operating frequencies
of the pumps (1la, 11b) are variable and the amount of refrigerant
ejected therefrom per unit time is variable.

In addition, capability adjusting means for adjusting the .
respective t_rai’isfer abilities of the pumps (1lla, ilb) is provided
in the controller of the present apparatus, though it is not
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depicted.

Moreover, a liquid passage pipe (40) as a liquid passage
pipe is connected between the liquid pipe (LL) located betweenl
the electromotivé valves (13a, 13b) and the liquid pipe (LL)
located between the pumps (11a, 11b).

In the structure, t.he upstream electromotive valve  (13a)
is opened and the opening rate of the downstream valve (13b) is

reduced in the heating rich state. On the other hand, the

. operating frequency of the downstream pump (11b) is adjusted to

be higher than the operating frequency of the upstream pump (11la).

Cgﬂsequently, a part of the use-side refrigerant which has
been ejected from the upstream and downstream pumps (lla and 1ib)
and passed through the heat absorbing element (3B) of the heat
exchanger (3) for heatiﬁg, the first indoor heat exchanger (12),
and the upstream electromotive valve (13a) flows into the second -
indoor heat exc;hanger (14) to contribute to the cooling of the
indbor air, flows out into the low-pressure gas pipe (GL), and
returns to the suction side of the upstream pump (lla) via the
heat releasing element (5B) of the heat exchanger (5) for cooling,
as indicated by the solid arrows in Figure 8.

The remaining part of the use-side refrigerant flows
through the liquid passage pipe (40) and returns to the suction
side of the dowﬁstream pump (11b) without_ undergoing a phase
change. In short, the use—side réfrigerant flowing through the
liquid passage pipe (40) bypasses the second indoér heat exchanger
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(14).

As for the other actions, they are the same as in the case
described above in EMBODIMENT 1.

If there is no cooling load, the downstream electromotive
valve (13b) is closed completely, while the upstream pump (11la)
is halted. Inthiscase, 'the use-side refrigerant circulates only
between the heat absorbing element (3B) of the heat exchanger (3)

for heating and the first indoor heat exchanger (12) and is

prevented from flowing into the second indoor heat exchanger (14) .-

In the cooling rich state, on the other hand, the downstream
electromotive valve (13b) of the iiquid pipe (LL) is opened and
the opening rate of the upstream electromotive wvalve (13a) is
reduced. The operating frequency of the upstream pump (1la) is
adjusted to be higher than the operating freciuency of "the
downstream pump (11lb).

| As a result, a part of the use-side refrigerant ejected from
the upstream pump (1la) passes through the downstream pump (11b),
flows into the heat absorbing element (3B) of the heat exchanger
(3) for heating where it absorbs h_eat'from the heat-source-side
refrigerant to evaporate, and fhen flows out into thé high-
pressure gas pipe (GH) , as indicated by the broken arrows in Figure
8. Thereafter, the usé—side refrigerant flows through the first
indoor heat exchanger (12) to contrib‘ute to the heating of the
indoor air. |

The remaining part. of the refrigerant flows through the
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liquid passage pipe (40), merges with the use-side refrigerant
that has passed through the first indoor heat exchanger (12), and

flows into the second indoor heat exchanger (14) through the

downstream electromotive valve (13b).

As for the other actions, they areée the same as in the case
described above in EMBODIMENT 1.

If there is no heating load, the.upstream electromotive
valve (13a) is closed completely and the downstream pump (11b)
ishalted. Inthiscase, the use-side refrigerant circulatesonly
between'the heat releasing element (5B) of t_he heat exchanger (5)
for cooling and the second indoor heat exchanger (14) and

therefore is prevented from flowing into the first indoor heat

~exchanger (12);

Thus, the present embodiment enables the circulating
operation of the use-side refrigerant responsive to each of the
heating rich state and the cooling rich state. To implement such
an operating action, the heat-source-side refrigerant incurs an
insufficient amount of heat or excess heat in the primary
refrigerant circuit (1), so that an air heat exchanger for
eliminating such drawbaeks is needed. |

In the present embodiment, it is also possible to provide
an electromotive valve in the liquid passage pipe (40) such that
the ameunt of refrigerant flowing through the liquid passage pipe
(40) is adjustable.

FIRST VARIATION OF EMBODIMENT 6
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A description will be given to a first variation of
EMBODIMENT 6 described above. As shown in Figure 9, the present
variation uses only one pump (11).

The liquid passage pipe (40) has one end (to be connected
to the pump) divided into twé branch pipes which are a first branch
pipe (40a) connected t.o the suctioﬁ side of the pump (11) and a
second branch pipe (40b) connected to the ejection side of the
pump (11). The branch pipes (40a, 40b) are provided with
respective elecétiomagnetic valves (4l1la, 41b) as first and second
flow rate control valves; |

Open/closé control means for controliing the
opening/closing actions of the electromagnetic valves (41a, 41b)
are provided in the controller of the present apparatus, though
it is not depicted.

In the structure, the upstream electromotive valve (13a)
of the liquid pipe (LL) is épened and the opening rate of the
downstream ele_ctromotive valve (13b) is reduced in the heating
rich state. On the other hand, the electromagnetic valve (41la)
of the first branch pipe (40a) is opened and the glectromégnetic
valve (41b) of the second branch pipe (40b) is closed. This
allows the same circulating operation of the re_frigerant as in
the heating rich state in EMBODIMENT 6 describéd above to be
performed (see the solid arrows shown in Figure 9). Asthecooling
load is smaller, the opening rate of the downstream electrom_otive
valve (13b) is reduced and the amount of liquid refrigerant in
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the liquid pgssaée pipe (40) is increased.’

In the cooling rich state, on the other hand, the downstream
electromotive valve (13b) of the liquid pipe (LL) is opened and
the opening rate of the upstream electromotive valve (13a) is
reduced. On the other hand, the electromagnetic valve (41la) of
the first branch pipe (40a) is closed and tﬁe electro_niagnetic
valve (41b) of the second branch pipe (40b) is opened. Thisallows
the same circulating operation of the refrige:;an_t as in the
cooling rich state in EMBODIMENT 6 described above to be performed
(see the broken arrows shown in Figure 9). As the heating load
is smaller, the opening rate of the upstream electromotive valve
(13a) is reduced and the amount of liquid refrigerant in the liquid
passage pipe. (40) is increased. |

Thus, the present embodiment enables the circulating
opefation of the use-side refrigerant responsive to each of the
heating rich state and the cooling rich state by using only one

pump (11).

SECOND VARIATION OF EMBODIMENT 6

A description will be gi.ven to a second variation of
EMBODIMENT 6 described above. As shown in Figure 10, the present
variation also uses only one pump (11).

The second branch pipe (40b) of the liquid passage pipe (40)
is connected to the ejection side of the pump' (11), while the first
branch pipe (40a) is connected to the upstream si.de of the heat
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releasing element (5B) of the heat exchanger (5) for cooling. The
branch pipes (40a, 40b) are provided with respective
electromotive valves (42a, 42b) as flow rate control valves.

Open/close control means for controlling the
opening/closing actions of the electromagne-tic valves (42a, 42b)
are provided in the controller of _the present apparatus, though
it is not depicted.

The structure- allows the circulating operation .of the
use-side refrigerant responsive to the heat'imj rich staté and the
cooling rich state to be performed by adjusting the opening rates

of the valves, similarly to the first variation described above.

As the cooling load is smaller, the opening rate of the

electromotive valve (42b) of the second branch pipe (40b) is
reduced and the amount of liquid refrigerant in the first branch

pipe (40a) is increased. On the other hand, the opening
rate of the electromotive valve (42a_) of the first braﬂch pipe
(40a) is reduéed and the amount of liquid refrigerant in the second
branch pipe (40b) is increased as the heating load is smaller.

In Figure 10 also, the circulating operation of the refrigerant

‘in the heating rich state is indicated by--the solid arrows and

the circulating operation of the .refrigerant in the cooling rich
state is indicated by the broken arrows.

The structure according to the present embodiment ensures
liquefaction of the use-side refrigerant returning to the pump
(11) by means of the hea1£ exchanger (5) for cooling in the operating
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action in the heating rich state. As a result, there can be
circumvented the case where the refrigerant in a gas phase returns
to the pump (11) and hinders the driving of the pump (11).

EMBODIMENT 7 .

A description will be given to EMBODIMENT 7. The present
embodiment hés' a piurality of outdoor ur_1its (Al, A2).

As shown in Figure 11, the present embodiment has been
achieved by connecting two outdoor units (Al, A2) in parallel in
the circuit structure of .EMBODIMENT 6 described above.
Specifically, each of the high—pressupe gas pipe (GH) and the
low-pressure gas pipe (GL) is divided into branch pipes which are
connected to the respective heat absdrbing elements .(3B) of the
heat exchangers (3) f-or heating and to the respective heat
releasing elements (5B) of the heat exchangers (5) for cooling
in the outdoor units (Al, A2)..

| The outdoor units (Al, A2) have the same structures as those
used in EMBODIMENT 6 described above. The operating actions of
the present embodimgnt are also the same as those of EMBODIMENT
6 so that the heating and-céoling capabilities are adjusted by
adjusting the opening rates of the individual valves (13a, 13b)
and the operating frequencies of the pumps (1la, 11b).

In the stru'cture, the adjustable range of the heatihg and
cooling capabilities can be expandéd by adjusting the respective
capabilities of the indoor units (aAl, 3a2).
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EMBODIMENT 8

Next, EMBODIMENT 8 will be described. The present
embodiment also has a plurality of outdoor units (Al, A2).

As shown in Figure 12, of t.he two outdoor units (Al, A2)
of ‘ehe present embodiment, the first outdoor unit (Al) hes the
same structure as used in each of the foregoing embodiments. On
the other hand, the second outdoor unit (A2) comprises a pump (50),
a four-way switch valve (51) as flow path switching means, and
an air heat exchanger (52) to constitute a closed circuit in
conjunction with the indoor heat exchengers (12, 14). Briefly,
the gas side of the air heat exchanger (52) is divided into branch
pipes (52a, 52b) such that the first branch pipe (52a) is cennected
to the high-pressure gas pipe (GH) and the secoﬁd branch pipe (52b)
is connected to the low-pressure gas pipe (GL). A check valve
(CV) for permitting only a flow of the us‘e—side refrigerant
directed to the high-pressure gas pipe (GH) is provided in the
first branch pipe (52a). A check valve (CV) for permitting only
a flow of the use-side refrigerant directed to the air heat
exchanger (52b) is provided in the second branch pipe (52b).

There is also provided a connecting pipe (53) for providing
a connection between the liquid passage pipe (40) and the second
outdoor unit (A2).

The liquid side of the air heat exchanger (52) and the

connecting pipe (53) are connected to the four-way switch valve
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(51). In addition, switch control means for controlling the
switching of the four-way switching means (51) is provided in the
controller of the pfesent apparatus, though it is not depicted.
The four-way switch valve (51) is switched by the coﬁtrol
operation of the switch control means. Specifically, the
four-way switch valve (51) is switchable between the state in
which the ejection side of the pump (50) is connected to the air
heat exchanger (52) and the suction side the_reof is connected to
the connecting pipe (53) and the state in which the ejection side

of the pump (50) is connected to the connecting pipe (53) and the

~suction side thereof is connected to the air heat exchanger (52).

A description will be given to the operating actions of the
second outdoor unit {(A2) .
| In the heating rich state, the four-way switch valve (51)
is switched to the side indicated by the solid arrows in the drawing
sc'a that a heat—release assisting action is performed. The
use-side refrigerant in a liquid phase ejected from the pump (50)
exchanges heat with, e.g., the outside air in the air heat
exchanger (52) to evaporate, as indicated by the arrows in Figure
12, flows into the high-pressure gas pipe (GH), and merges with
the use-side refrigerant flowing out from the heat absorbing
element (3B) of the heat exchanger (3) for heating. The use-
side refrigerant contributes to indoor heating in the first indoor
heat exchanger (12). Of the use-side refrigerant that has passed
through the first indoor heat exchanger (12), the portion which
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flows through the liquid passage pipe (40) is partially recovered-
by the suction side of the pump (50) after passing through the

connecting pipe (53) and the four-way switch valve (51). Such

. circulating operation of the refrigerant is performed

continuously.

In the cooling rich state, on the other hand, the four-
way switch valve (51) is switchea to the side indicated by'the
broken arrows in the drawing so that a heat—absorption.aséisting
action is performed. The use—side refrigerant in a liquid phase
ejected from the pump (50) passes through the connecting pipe (53)
and merges with the fefrigerant in the liquid passage pipe (40),
as indicated b§ the.broken arrows in Figure 12. The use-side
refrigerant contributes to cooling in the second indoér heat
exchanger (14) and flows out into the low-pressure gas pipe (GL).
A part of the use-side refrigerant flowing through the low-.
pfessufegaspipe(GL)paésesthroughthesecondbranchpipe(52b),
the air heat exchanger (52), and the four-way switch valve (51)
to be recovered by the suction side of the puﬁp (50). Such
circulating operation of. the refrigerant is performed
continuously.

Thus, thg present embodiment has such a structure as to
allqw the wuse of the secondary' refrigerant system and a

single-stage refrigerant circuit in combination.

Circuit Structure Which Renders Each Indoor unit Switchable
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betﬁeen Cooling énd Heating Operafions

Each of the féllowing EMBODIMENTS 9 to 11 has adopted a
éo—called cooling/heating free circuit structure which renders
each 6f the indoor units (ﬁ, C) independently switchable between

cooling and heating operations.

EMBODIMENT 9

The present embodiment .i's obtained by rendering each of the
indoor units (ﬁ, C) switchable between cooling and heating
operations in the circuit structure of EMBODIMENT 1 described
above.

As shown in Figure 13, the secondary réfrigérant circuit
(10) of the present embodiment has first and second switching
units (Dl, D2) as switching means between the high-pressure and
low-pressure gas pipes (GH) and (GL) and the indoor units (B, C),
respectively. The indoor units (B, C) have the same structures.
That is, the indoor units (B, C) contain respective indoor heat
exchangers (12, 14) and electromotive valves (13a, 13b) are
connected to the respective liquid sides of the indoor heat
exchangers (12, 14).

Each of the high-pressure and low—pressure gas pipes (GH)
and (GL) 1is branched. The branch pipes (GHl1l, GH2) of the
high-pressure gas pipe (GH) and the branch pipes (GLl1l, GL2) of
the low-pressure gas pipe (GL) are connected inside the respective
switchimgunits(Dl,DZ)! Electromagnetic valves (55a, 55b, 55¢,

52



10

15

20

25

55d) are provided in the respective branch pipes (GH1, GL1l, GHZ2,.
GL2). Specifically, the high—pressure electromagnetic wvalves
.(55a, 55¢) are provided in the respective branch pipes (GH1, GH2)
of the high-pressure gas pipe in the respective switching units
(D1, D2) and the low-pressure electromagnetic valves (55b, 55d)
are providgd in the branch pipes (GLl, GL2) of the high-pressure
gas pipe in the respective switchingunits (D1, D2). 1In addition,
switching control means for controlling the opening and closing
operations of each of the electromagnetic valves (55a, 55b, 55¢,
55d) is provided in the controller of the present apparatus,
though it is not depicted.

The respective electromotive valves (13a, 13b) of the .
indoor units (B, C) are connected to each other by the liquid pipe
(LL) . |

If heating operation.is performed in the first indoor unit
(B) and cooling operation is performed in.the.secénd indoor unit
{(C) in the structuré, the high-pressure electromagnetic valve
_(55a) is opened and the low-pressure eleqtromagnetic valve (55b)
is closed in the first switching unit (D1), while the high-
pressﬁre electromagnetic valve (55¢) is closed and the low-
pressure electromagnetic valve (55d) is opened in the second
switching unit (D2).

As a result, the use-side refrigerant in a liguid phase
ejected from the pump (11) exchanges heét with the heat-

source-side refrigerant in the heat exchanger (3) for heating to
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evaporate, as indicated by the solid arrows in Figure 13. The
évaporat’ed use-side refrigerant in a gas phase passes through the
high—pressﬁre gas pipe (GH) énd the first switching unit (D1) and
flows into the first indoor unit -(B) . In the first ihdoor unit
(B), the use-side refrigerant exchanges heat with the indoor air
in the first indoor heat exchanger (12), thereby heating and
condensing the indqor air.

Thereafter, the use-side refrigerant in a liquid phase

flows through the liquid pipe (LL), passes through the first and

second switching units (D1 and D2) and flows into the second indoor

unit (C). The use-side refrigerant is reduced in pressure by the

el_ectromotive valve (13c) and exchanges heat with the indoor air
in the second indoo: heat exchanger (14), thereby cooling the

indoor air and evaporating. After that, the use-side refrigerant

in a gas phase passes through the second switching unit (D2) and

the low-pressure gas pipé (GL) and then exchanges heat with the
heat-source-side refrigerant in the heat exchanger (5) for
cooling to be condensed ana recovered by the pump (11). Such
circulating operation of the use-side refrigerant. is performed
continuously in the secondary refrigerant circuit (10), whereby.
heating and cooling operations are performed in the first and
second indoor units (B) and (C), respectively. |
Conver.sely, if cooling operation is performed in the first
indoor unit (B) and heating operation is performed in the second
indoor unit (C), the high-pressure electromagnetic valve (55a)
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is closed and the low-pressure electromagnetic valve (55b)'is
opened in the first switching unit (D1). On the other hand, the
high-pressure electromagnetic valve (55¢) is opened and the
low-pressure electromagnetic valve (55d) is closed in the second
switching unit (D2). |

As a result, the use-side refrigerant in a liquid phase that
has been ejected from the pump (11) flows sequéntially through
the heat exchanger (3) for heating, the high-pressure gas pipe
(GH) , and the second switching unit (D2) to flow into the second
indoo_r unit (C), as indicated by the broken a_rroWs in Figure 13.
In the second indoor unit (C), the use-side refrigerant exchanges
heat with the indoor unit in the second indoor heat exchanger (14),
thereby heating and condensing the indoor air. Thereafter, the
use-side refrigerant in a liquid phase flows lthrough the liquid
pipe (LL), passes through the second and first switching units
(D2) and (D1), and flows into the first indoor unit (B). 1In the
first indoor unit (B), the use-side 'refrigerant"_ passes through
the electromotive valve .(13a) and exchanges l:leat with the indoor
air in the first indoor heat exchanger (12), thereby CO-oiing the
indoor air and evaporating. ‘ |

Thereafter, the use-side refrigerant in a gas phase flows
sequentially through the first switching un.it (D1), the 1low-
bressure gas pipe (GL), and the heat exchanger (5) for cooling
to be recovered by the pump (11). Such cirCulating operation of
the ﬁse—side refrigerant is performed continuously in the
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éecondary refrigerant circuit (10), whereby cooling and heating
operations are performed in the first and second indoor units (B)
and (C), respectively.

Thus, according to the present embodiment, operating .
action§ in the respective indoor units (B, C) can be switched
arbitrarily through the switching operaﬁions of the
electromagnetic valves (55a, 55b, 55¢, 55d) in the switching units

D1, D2.

EMBODIMENT 10

The present embodiment is obtained by rendering each of the
indoor units (B, C) switchable between cooling' and heating
operations in the circuit structure (Figure 3) of EMBODIMENT 2
déscribed above. A description will be given only to portions
different from EMBOﬁIMENT 9 described above.

As shown in Figure 14, the se.colndary refrigerant circ;.lit

(10) of the air conditioner in the present embodiment is provided

" with a bypass pipe (20) for providing a connection between the

liquid pipe (LL) between the indoor units (B, C) and the low-
pressure gas pipe (GL). An electromotive valve (21) capable of
adjusting the flow rate of the refrigetant is provided in fhe
bypass pipe (20).

In the structure, a part of the use—side reffigerant that
has passed through the indpor heat exchanger performing a heating
action durihg operation flows into the indoor heat exchanger
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performing a cooling action, while the remaining part of the
use-side refrigerant in a liquid phase or in a liquid-vapor mixed
phase flows through the bypass pipe (20). As for the other actions_,

they are the same as in the case of EMBODIMENT 9 described above

(see the arrows in Figure 14 corresponding to the arrows in Figure

13).
Thus, in the present embodiment, the heating capability can
be adjusted to be higher than the cooling capability by allowing

a part of the use-side refrigerant to bypass the indoor heat

| exchanger performing the cooling action. Hence, the structure

of the present embodiment is effective in the heating rich state;
Moreover, the amount of the use-side refrigerant bypassing the
indoor heat exchanger performing cooling operation can be
adjusted by controlling the openiﬁg rate of the electromotive
valve (21). Accordingly, it becomes possible to provide the
refrigerant at a proper flow rate in the indoor heat exchange in
accordance with the cooling load.

It is also possible to adopt the structure in which the
electromotive valve (21) is not prbvided in the bypass pipe (20‘

(corresponding- to EMBODIMENT 2 (Figure 2)).

EMBODIMENT 11

The present embodiment is obtained by rendering each of the

indoor units (B, C) switchable between cooling and heating

operations in the circuit structure (Figure 5) of EMBODIMENT 3
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described above. A description will also be given only to
portions different from EMBODIMENT 9 described above.

As shown in Figure 15, a bypass pipe (25) for bypassing the
heat absorbing element (3B) of the heat exchanger (3) for heating
is provided in the secondary refrig.erant circuit (10) of the air
conditioner in the present embodiment. 'The bypass.pipe (25) has
one end connected to the liquid pipe (LL) beﬁween the pump (11)
and the heat absorbing element (3B) of the heat exchanger (3) for
heating and the other end connected to the high-pressure gas pipe
(GH). An electromotive valve (26) for enabling the adjustment
of the refrigerant flow rate is provided in the bypass pipe (25).

In the structure, a part of the use-side refrigerant in a
liquid phase ejected from the pump (11) during eperation flows
into the heat absorbing element (3B) of the heat exchanger (3)

for heating, absorbs heat from the heat-source-side refrigerant

to evaporate, and flows into the high-pressure gas pipe (GH). The

remaining part of the use—side refrigerant flows through the
bypass pipel (25) and merges with the use-side refrigerant in a
liquid phase which has passed through the heat absorbing element
(3B) of the heat exchanger (3) for heating to flqw into the indoor
heat exchanger for performin.g ldedting operation. As for the other
actions, they are the same as in the case of EMBODIMENT 9 described
above (seelthe arrows in Figure 15 corresponding to the arrows
in Figure 13).

Thus, in the present embodiment, i:he amount of heat received
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by the use-side refrigerant from the heat-source-side refrigerant
can be adjusted to be smaller than the amount of heat given by
the use-side refrigerant to the heat-source-side refrigerant by
allowing a part of the use-side refrigerant to bypass the heat
absorbing element (3B) of the heat exchanger (3) for heating.
Hence, the structure of tﬁe present embodiment is effective in
the cooling rich state. Moreover, the amount of use-side
refrigerant bypassing the heat absorbing element (3B) of the heat
exchanger (3) for ﬁeating can be adjusted by controlling the
opening rate of the electromotive valve {(26). Accordingly, it
becomes possible to provide the refrigerant at a proper flow rate
in the heat absorbing element (3B) of the heat exchanger (3) for
heating in accordance with the heating load.

It is also possible ‘to adopt the structure in which the
bypass pipe (25) is not provided with the electromotive valve (26)

(corresponding to EMBODIMENT 3 (Figure 4)).

VARTATIONS

A description -will be given to respective circuit
structures_obtained by applying the structures of EMBODIMENTS 4
to 8 to the circuit structure.of EMBODIMENT 9 described above.

The circuit illustrated iﬁ Figure 16 is obtained by using
the liquid return pipe (30)-in'EMBODIMENT 4 in the circuit
structure of EMBODIMENT 9. |

The circuit illustrated in Figure 17 is obtained by using
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the liquid return pipe (35) ih EMBODIMENT 5 in the circuit
structure of EMBODIMENT 9.

The circuit illustrated in Figure 18 is obtained by using
the liquid passage pipe (40) in EMBODIMENT 6 in the circuit
structure of EMBODIMENT 9.

The circuit illustrated in Figure 19 is obtained by using
the liquid passage pipe (40) iﬁ the first variation of EMBdDIMENT
6 in the circuit structﬁre of EMBODIMENT 9.

The circuit illustrated in Figure 20 is obtained by ﬁsing
the liquid passage pipe (40) in the second variation of EMBODIMENT
6 in the circuit structure of EMBODIMENT 9.

The circuit illustrated in Figure 21 is obtained by using
two outdoor units (Al, A2) as used in EMBODIMENT 7 in the circuit
structure of EMBODIMENT 9. In each of the outdoor units Al, A2,
the liquid passage pipe (40) is branched and connected to the -
suction side and ejecfion side of the pump (11).

The circuit illustrated in Figure 22 is obtained by using
an outdoor unit (A2) as used in EMBODIMENT 8 in the circuit
structure of EMBODIMENT 9. In the circuit aiso, the liquid
passage pipe . (40) is branched in the outdoor unit (A1) to be
connected to the suqtion side and ejection side of the pump (11).
Moreover, the heat exchanger (52) of the outdoor unit (A2) in the
circuit 1is composed of a heat exchanger in a cascade

configuration.
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EMBODIMENT 12

The present embodiment obtains a driving f_orce for
transferring the use-side refrigerant by utilizing a phase shift
accompanying the heating and cooling of the refrigerant in the
circuit structure of EMBODIMENT 9 described above.

As shown in Figure 23, the present embodiment uses a local
cooling/heating system as a heat source. That is, a pair of warm
water pipes (60a, 60b) for supplying and recovering warm water
and a pair of cold water pipes (6la, 61b) for supplying and
recovering cold water have been introduced into the outdoor unit
(n).

A description will be given first to the connection of the
warm wat'er pipes (60a, 60b) to the heat exchanger (3) for heating
and. the conner:tion of the qoid water piﬁ)es (6la, 61b) to the heat
exchanger (5) for cooling. .

Awarmwater supply pipe (62a) is connected to the warmwater
pipe (60a) on the warm-water supply side and to the flow-in side
of the heat releasing element (3A) of the heat exchanger (3) for
heating. A warm water recovery pipe (62b) is connected to the
warm water pipe | (60b) on the warm-water rec§ver'y side and to the
flow-out sid;a of the heat releasing element (3A) of the heat
éxchanger {(3) for heating. |

On the other hand, a cold water supply pipe (63a) is
connected to the cold water sﬁpply pipe (6la) on the cold-water
supply side and to the fiow-in side of the heat absorbing element
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(53) of the heat exchanger ('5) for cooling. A cold water recovery
pipe (63b) is connected to the cold_water pipe (61b) on the
cold—water-recovery side and to the flow—out'side of the heat
absorbing element (5A) of the heat exchanger (5) fo;'cooling. In
éhort, the use-side refrigerant is evaporated in the heat
exchanger (3) for heating by using warm heat from the warm water

that has flown in through the warm water pipe (60a), while the

use-side refrigerant is condensed in the heat exchanger (5) for

cooling by using cold heat from the cold water that has flown in
thréugh the cold water pipe (Gia).

The connections of the gas side (upper end portion in Figure
23) of the heat absorbing element (3B) of the heat.exchanger (3)
for heating to the individual switching hﬁits (D1, D2) are the_
same as- in EMBODIMENT 9 described above. Likewise; the
connections of the gas side (upper end portion in Figure 23) of
the heat releasing element (5B) of the heat exchanger'(S) for
cooling to the individual switching units (D1, D2) are the same
as in EMBODIMENT 9 described above.

| A description will be.given next'tx> a driving force
generating circuit (11) constituting the transfer means.

The driving force generating circuit (11) comprises: a
circulatidn heater (71) as pressure increasing means; a
circulétioﬁ cooler (72) as pressure reducing means; first and
second main ténks (T1l, T2) and a subordinate tank (ST).

More specifically, the circulation heater (71) includes a
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heat releasing element (71A) and a heat absorbing element (71B)
which exchange heat therebetween. The heat releasing element

(71A) is connected to the warm water pipe (60a) on the warm-water

supply side via the warm water supply pipe (62a). On the other

hand, a gas supply pipe (73) is connected to the upper end poz_ftiOn
of the heat absorbing eiemeht (71B) .

The gas supply pipe (73) is. divided into three branch pipes
(73a - 73¢c) which are connected individually to the reépective
upper end portions of the main tanks (T1l, T2) and the subordinate
tank (ST). First to third tank pressure increasing
electromagnetic valves (SV-P - 8SV-P3) are provided in the
respective branch pipes_(73a - 73c).

A liquid recovery pipe (74) has one end connected to the
lower end portion of the he_at absorbing element (71B) of the
circulation heater (71) and_thé other end connected to the lower
end portion of the subordinate tank (ST). A check valve (CV-
1) which permits only the flowing out of the refrigerant from the
subordinate tank (ST) is provided iﬁ the liquid recovery pipe
(74) .

On the of:her hand, the circulation cooler (72) includes a
heat absorbing element (72A) and a heat releasing element (72B)
which exchange heat therebetween. The heat absorbing element
(72A) is connected to the cold water pipe (6la) on the cold-water
supply side via the cold water supply pipe (63a). A gas recovery
pipe (75) is connected to thé upper end portion of the heat
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releasing element (72B). The gas recovery pipe (75) is divided

into three branch pipes (75a — 75¢) which are connected to the

| respective branch pipes (73a - 73c) of the gas supply pipe (73)

and thereby connected individually to the respective upper end

‘'portions of the main tanks (T1, T2) and the subordinate tank (sT).

First to third tank pressﬁre reducing electromagnetic valves

(SV-V1 — SV-V3) are provided in the respective branch pipes (75a

- 75¢).

A liquid supply pipe (76) is connected to the lower end
portion of the circulation cooler (72). The liquid supply pipe
(76) is divided into two branch pipes (76a, 76b) which are
connected indiQidually to the respective lower end portions of
the main tanks (T1, T2). Check valves (CV-2) for permitting only
refrigerant flows toward the main tanks (Tl, T2) are provided in
the.reSpeqtivé branch pipes (76a, 76b).

The méin tanks (T1l, T2) are loéated at positions lower in
level than the circulation cooler (72), while the subordinate tank
(ST) is located at a posi.tion higher in levél than the circulation
heater (71).

A liquid pipe (77) is connected to the liquid side (lower
end portion in Figure 23) of the heat absorbing element ‘33) of
the heat exchanger (3) for heating. The liquid pipe (75) is
divided into two branch pipes (77a, 77b) which are connected to
the respective branch pipes (76a, 76b) of the liquid supply pipe
(76) and thereby connected individually to the respective iower
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end portions of the main tanks (T1, T2). Check valves (CV-3) for
permitting only refrigerant flows directed to the heat absorbing -
element (3B) of the héat exchanger (3) for heatiﬁg are provided
in the respective branch pipes (77a, 77b).

The liquid pipe (77) and the liquid pipe (LL) are connected
to each other wvia a 1liquid extrusion pipe (78). An
electromagnetic valve (;78a) is provided in the liquid extrusion
pipe ('78) . A liquid return pipe (79) is further connected to the

liquid extrusion pipe (78). The liquid return pipe (79) is

divided into two branch pipes (79a, 79b) which are connected to

the respective branch pipes (77a, 77b) of the liquid pipe (77)
and thereby connected individually to the respective lower end
portions of the main tanks (Tl1l, T2). An elec¢tromagnetic valve
(79¢) is provided in fhe liqqid return pipe (79), while check
valves (CV-4) for permitting only refrigerant flows directed to
themain tanks (T1, T2) are provided in the respective branch pipes
(79a, 79b).

The liquid pipe (77) connected to the heat absorbing element
(3B) of the heat exchanger (3) for heating and the liquid recovery
pipe (74) connected to_the subordinate tank (ST) are connected
to each other by an auxiliary-liquid pipe (80). The éuxiliary
liquid pipe (80) is provided with a check valve (CV-5) for
permitting only a refrigerant flow directed to_ai subordinate tank
(ST) . Furthermore, a liquid return pipe (81) is connected to the

liquid side (lower end portion in -Figure 23) of the heat releasing
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element (5B) of the heat_ exchanger (5) for cooling. The
downstream end of the liquid retuirlpipe (81) is connected to the
liquid return pipe (79).

" The foregoing is the sﬁructure of the refrigerant circuit

of the air conditioner according to the present embodiment.

Operating Actions

Next, operating actions in the present embodiment will be
described.

In the case where heating operation is performed in the
first indoor unit (B) and cooling opération is performed in the
second indoor unit (C), the first switching unit (D1) opens the
high-pressure electromagnetic valve (55a) and closes the low-
pressure electromagnetic valve (55b). On the other hand, the
second switching  unit (D2) closes the high~-pressure
electromagnetic valve (55c)' and opens the low-pressure
eléctromagnetic valve (554d).

The pressure increasing electromagnetic valve (SV-Pl) of
the first main tank (T1), the pressure increasing electromagnetic
valve (SV-P3) of the subordinate tank (ST), and.the pressure
reducing electromagnetic valve (SV-V2) of the second méin tank
(T2) are opened.. On the other hand, the pressure increasing
electromagnetic valve (SV-P2) of the second main tank (T2), the
pr'essure reducing electromagnetic valve (SV-V1) of the first main
tank (T1), and the pressure reducing valve (SV-V3) of the.
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subordinate tank (ST) are closed.

Moreover, the respective electromagnetic valves (78a, 79¢)
of the liquid extrusion pipe (78) and the liquid return pipe (79)
are closed.

In this state, heat transfer between warm watér or cold
water and the use-side refrigefant in the circulation heater (71)
and circulation heater (72) generates a high pressure with the
evaporation of . the liquid refrigerant in the heat absorbing
element (71B) of the circulation heater (71) and a low pressure
with the condensation of the gas refrigerant in the heat releasing
element (72B) of the circulation cooler (72).__As a result, the
pressure inside the first main tank (Tl1l) and in the.subordinaté
tank (ST) is increased (pressure increasing action), while the
pressure inside the second main tank (T2) is reduced (pressure
reducing action).

Consequently, the liquid refrigerant extruded from the

first main tank (Tl) is introduced into the heat exchanger (3)

-for heating where it exchanges heat with warmwater and evaporates,

as indicated by the solid arrows in Figure 24. Thereafter, the
refrigerant flows sequentially through the first switching unit
(D1), the first indoor unit (B), the second switching unit (D2),
and the second indoor unit (C) to perform heating operatibn in
the first indoor unit (B) and cooling operation in the second
indoor unit (C). |

The gas refrigerant that has flown out of the second indoor
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unit (C) passes through the gas pipe (GL), exchanges heat with
cold water to condense in the heat exchanger (5) for cooling, and
passes throug.h the liqu.id return pipés (81, 79) to be recovered
by the second main tank (T2). The liquid refrigerant condensed
in the circulation cooler (72) is introduced into the second main
tank (T2) through the branch pipe (76b).

Since the subordinate tank (ST) has been equalized in
pressure to the heat absorbing element (71B) of the circulation
heater (71), the liquid refrigerant within the subordinate tank
(ST) passes throﬁgh the liquid recovery pipe (74) to be supplied
to the heat absofbing elemeﬁt (71B) of the circulation heafer (71),
as indicated by the brokén arrows in Figure 24. The supplied
liquid refrigerant evaporates in the heat absorbing element (71B)
to contributé to increased pressure in the_ first main tank (T1).
Thereafter, the liquid refrigerant within the subordinate tank
(ST) is mostly supplied to the heat' absorbing element (71B) so
that the pressure increasing electromagnetic valve (SV-P3) of the
subordinate tank (ST) is closed, while the pressure reducing
electromagnetic valve (SV-V3) of the subordinate tank (ST) is
Qpelned.-

This lowers the pressure inside the subordinate tank (ST)
and a part of the liquid refrigerant extruded from the first main
tank (Tl) passes through the aﬁxiliary liquid pipe (80) and the °
liquid recovery pipe (74) to be recovered by the subordinate ténk
(ST), as indicated by the dash-dot arrows in Figure 24. Such
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actions as extrusion and recovery of the liquid refrigerant in
the subordinate tank (ST) are performed alternately irrespective
of the actions performed in the respective electromagnetic valves
(SsV-P1 - sV-V2) of the main tanks (Tl1, T2).

After such actions are perfomed for a given period of time,
the electromagnetic valves are switched. Specifically, the
pressure increasing eiectromagnetic valve (Sv—fl) of the first
main tank (Tl) and the pressure reducing electromagnetic valve
(SV=-V2) cf the second main tank (T2) are closed. The pressure
increasing electromagnetic valve (SV-P2) of the second main tarik
(T2) and the pressure reducing electromagnetic valve (SV-V1) of
the first main tank (T1l) are opened.

This lowers the pressure inside the first main tank (T1)
and conversely increases the pressure inside the second main tank
(T2) . Accordingly, a refrigerant circulating state is achieved
in which the liquid refrigerant'extruded from the second main tank
(T2) circulates as described above to be recovered by the first
main tank (Tl). Inthis case also, the opening andclosingactions
of the pressure increasing electromagnetic valve (SV-P3) and the
pressure reducing electromagnetic valve (SV-V3) .are repeated in

the subordinate tank (ST), so that the actions of extrusion and

" recovery of the liquid refrigerant are alternately performed.

With the foregoing switching actions being repeatedly
performed between the electromagnetic valves, the use-side

refrigerant is circulated so that heating and cooli'ng operations
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ére performed in the first and second indoor-units (B) and (C),
respectiﬁely.

In the case where cooling operation is'performed in the
first indoor unit (B) and heating operationlis performed in thé
second indoor uhit (C), the first switchiﬁg unit (D1l) closes the
high-pressure électromagnetic valve (55a) and opens the low-
pressure electromagnetic valve (55b). On the other haﬁd, the
second switching unit (D2) opens the high-pressure
electromagnetic valve (55¢) and closes the low-pressure
electromagnetic valve (554d). The driving power generating
circuit (11) éerforms the same actions as in the case described
above.

As a result, the liquid refriéerant extruded from one of
the main tanks evaporates in the heat exchanger (3) for heating
and condenses in the second indoor unit (C), thereby performing
a heating action. The liquid fefrigerant that has passed through

the second indoor unit (C) is introduced into the first indoor

~unit (B) to evaporate, thereby performing a cooling action. The

gas refrigerant that has passed through the first indoor unit (B)
is condensed in the heat exchanger (5) for cooling to be recovered
by the other of the main tanks. As for the other actions, they
are the same as described above.

In the case of performing heating operétion in each of the
indoor units (B, C), the high-pressure electromagnetic valves
(55a, 55c¢) of_the_switching units (D1, D2) are opened and the
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low—pressureelectromagneticvalves(55b;55d)thereofareclosed.
On the other hand, the electromagnetic valve (79¢) of the liquid
return oipe (79) is opened and the electromagnetic valve (78a)
of the liquid extrusion pipe (78)-ia closed.

As a result, the use-side refrigerant extruded from one of
the main tanks is evaporated in the heat exchanger (3) for heating
and distributed to the individual indoor units (B, C). The
refrigerant is condensed in the respective indoor heat exchangers
(12, 14) of the indoor units (B, C) and passes through tne liquid

pipe (LL) and the liquid return pipe (79) to be recovered by the

other of the main tanks.

In the case of performing cooling operation in each of the

.indoor units (B, C), the respective low-pressure electromagnetic

valves (55b, 55d) of the switching units (D1, D2) are opened and
the high-pressure electromagneticxvalves (55a, 55¢) thereof are
closed. On the other hand, the electromagnetic valve (78a) of.
the liquid extrusion pipe (78) is opened and the electromagnetic
valve (79¢) of the liquid return pipe (79) is closed.

As a result, the use—~side refrigerant extruded from one of
the main tanksﬂpasses through the liquid extrusion pipe (78) and
the liquid pipe (LL) and is separated into individual streams to
the indoor units (B, C). The refrigerant is evaporated in the -
respective indoor heat exchangers (12, 14) of the indoor heat
elements (B, C) and flows into the heat exchanger (5) for cooling

through the low-pressure gas pipe (GL)'to be condensed therein
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and recovered by the other of the main tanks through the liquid
return pipe (79).

Thus, according to the present embodiment, the extrusion
and recoﬁery of the réfrigerant from the main tanks (T1, T2) is
performed by heating and cooling the use-side refrigerant by using
the wérm heat of the warm water and the cold heat of the cold water,
each for local cooling and heafing operations, whereby the driving
force for circulating the refrigerant in the secondary
refrigerant circuit (10) is obtained. This enables the
refrigerant to perform a circulating action with higher

efficiency and higher reliability than in a structure using a

-mechanical pump.

EMBODIMENT 13

A description will be given to EMBODIMENT 13 obtained by
improving EMBODIMENT 12 described above. The present embodimeﬁt
also obtains a driving force for transfe;ring the use-side
refrigerant by utilizing a phase shift accompanying the heating
and cooling of the refrigerant.

Here, the description will be given .only to.portions
different from EMBODIMENT 12 and the description of the same
compohents that are shown in Figure 25 and used in EMBODIMENT 12
will be omitted by _retaining_the same reference numerals. In the
present embodiment, the present invention is applied to an air
conditioner comprising three indoor units (B, C, E).
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As shown in Figure 25, a circuit according to the present
embodiment comprises a pair of driving force generating circuits
(11a, 11b). The downstream driving force generatipg circ.uit
(11b) located on the righthand side of Figure 25 has the first
and second main tanks (T1, T2). On the other hand, the upstream

driving force generating circuit (1la) located on the lefthand

.side of Figure 25 has third and fourth main tanks (T3, T4) and

the subordinate tank (ST). The downstream driving force
generating circuit (11b) has generally the same structure as the
driving force generating circuit .according' to EMBODIMENT 12
described above.

On the other hand, .the upstream driving force generating
circuit _(11a) has such a structure thlat the third and fouJ?th main

tanks (T3, T4) and the subordinate tank ({ST) switchably

_communicate with the circulation heater (71) and with the

circulation cooler (72). The switching mechanism is composed of
a plurality of electromagnetic valves, similarly to the
downstream driving force generating circuit (11b).

The downstream portion of the liquid return pipe (81)
connected to the liquid side of the heat releasing element (5B)
of the heat exchanger (5) for cooling is divided into. branch pipes'
(8la, 81b) which are connected individually to the respective

lower end portions of the third and fourth main tanks (T3, T4).

-Check valves (CV-6) for permitting only refrigerant flows

directed to the third and fourth main tanks (T3, T4) are provided
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in the branch pipes (8la, 81b).
The downstream portion of the liquid pipe (LL) providing
a connection between the respective liquid sides of the indoor

units (B, C, E) is divided into three branch pipes (LL1l, LL2, LL3)

. which are connected to the respective bra.nch pipes (8la, 81b) of

the liquid return pipe (81) and to the liquid recovery pipe (74) ,
whereby the branch pipes (LL1, LL2, LL3) are connected
indivii_:lually to the respectivé lower ends of the third and fourth
main tanks (T3, T4) and the subordinéte tank (ST). The upstream
portion of the liquid return pipe (79) is connected to the liquid
pipe (LL).

Next, the sv;itching units (D1, D2, D3) according to the
present embodiment will be described.

Each of the switching units (D1, D2, D3) has the  same
structure. The high-pressure gas pipe (GH), the low-pressure gas -
pipe (GL), and the liquid pj.pe (LL) are introduced into the
switching units (D1, D2, D3). | .

In each of the switching units (D1, D2, D3), the hi'gh—
pressure gas pipe (GH) is divided into two branch pipes one of
which has an electromagnetic pipe (90) and the other of which has
é check valve (CV-7). The check valve (CV-7) permits only the
flowing out of the refrigerant to the high-pressure gas pipe (GH).

Thel low-pressure gas pipé (GL) has an electromagnetic valve
91 in each of the swifching units (D1, D2, D3). | The low-pressure
gas f)ipe (GL) and the high-pressure gas pipe (GH) are connected
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to each other in each of the switching units (D1, D2, D3) to be
connected to the respective gas sides of the indoor heat
exchangers (12, 14, 16).

The liquid pipe (LL) and the low-pressure gas pipe (GL) are

connected to each other by a bypass pipe (92). The bypass pipe

(92) has an electromagnetié valve (93). A heat exchénging part

(94) for causing a heat exchange between the refrigerant flow1ng
through the bypass pipe (92) and the refrigerant flowing through
the low-pressure gas pipe (GL) is contained in each of the
switching units (D1, D2, D3).

A descriptioﬁ will be given next to operating aqtions in
the present embodiment. -The switching unit connecting to that
one of the first to third indoor units (B, C, E) which berforms
heating operation opens the high-pressure electromagnetic valve
(90) and closes the electromagnetic' valve (93) of the bypass pipe
f92) and the low-pressure electromagnetic valve (91).

"On the other hand, the switching unit connecting to the
indoor unit which performs cooling operation closes the high-
pressureelectromagneticvalve(90)andtheelectromagneticvalve
(93) of the bypass pipe {92) and opené -the low—présﬁure
electromagnetic valve (91).

In this state, high pressure generated in the circulation
heater (71) and low pressure generated in the'circulation cooler
(72) are caused to act on the respective tanks, similarly t§
EMBODIMENT 12 described above. If high pressure is caused to act
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on the first and third tanks (T1) and (T3) and low pressure is
caused to act on the second and fourth tanks (TZ) and (T4), for
example, the refrigerant circﬁlates as indicated by the solid
arrows in Figure 26.

The refrigerant extruded from the first tank (T1l) passes
through the liquid pipe (77) to evaporate in the heat exchanger
(3) for heating and flows into the indoor unit which performs
heating operation through the high-pressure gas pipe (GH) (Figure
26 illustrates the circulating operation of the refrigerant when
heating operation is performed in the first and second indoof
units (B, €) and cooling operation is performed in thé third indoor
unit (E)).

The refrigerant that has flown into thg indoor units (B,
C) is condensed in the indoor heat exchangers (12, 14) to perform
indoor heating operation. Thereafter, the refrigerant passeé
through the liquid pipe (LL) and a part of the refrigerant flows
into the indoor unit (E) which performs cooling operation. The
refrigerant that Has flown into the indoor unit (E) which performs
cooling operation evaporates in the indoor heat exchanger (16)

to perform indoor cooling operation, passes through the low-

. pressure gas pipe (GL) to condense in the heat exchanger (5) for

cooling, passes through the liquid_return pipe (81l) to be
recovered by the fourth main tank (T4). The remaining part of
the refrigerant flows through the liquid éipe (LL) and passes
through the liquid return p.ipe (79) to be recovered by the second
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main tank (T2) .

On the other hand, the refrigerant extruded from the third
main tank (T3) passes through the liquid return pipe (79) to be
recovered by the second main tank T2, as indicated by the broken
arrows in Figure 26. 1In this case, the action of supplying and
recovefing the liquid refrigerant performed to and from the
subordinate tank (ST) is such that a part of the refrigerant
extruded from the third main tank (T3) is supplied when the
low-pressure is maintained in the subordinate tank (ST) and the
liquid refrigerant is recovered by the circulation heater (71)
when high pressure is maintained in the subordinate tank (ST).

Such a circulating action of the refrigerant is performed
with the downstream driving force generating circuit (11b)
corresponding.to the downstream pump according to EMBQDIMENT 6
described above and with the upstream driﬁing force generating
circuit (1la) corresponding to the upstream pump described above.
Therefore, the circulating action of the use—éide refrigerant can
be performgd properly in each of the heating rich state and the
cooling rich state, similarly to EMBODIMENT 6.

In the case where each of the indooxr units (B, C, E) ‘performs
heating operation, the electromagnetic valve (93) of the bypasé
pipe (92) is opéned. This allows the refrigerant condensed in
the indoor heat exchangers (12, 14, 16) to be recovered through
thé bypass pipe (92) and the low-pressure gas pipe (GL).

Although each of the embodiments has described the case
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where the present invention is applied to an air conditioner, fhe
present invention is also applicable to other refrigerating
apparatus.

Although each of EMBODIMENTS 1 to 12 has described the case
where the present invention ié applied to an apparatus comprising
two indoor units (B, C) and EMBODIMENT 13 has descriﬁed.the case
where the présent \invention is applied to an apparatus comprising
three indoor units (B, C, E), the presenf invention is not limited
thereto. Thepresentinventionisalsoapplicable1x>anapparatﬁs
comprising three or more indoor units or to an apparatus in which
a plurality of heat exchangers are contained in a single indoor

unit.

INDUSTRIAL APPLICCAPABILITY
~ As described above, the refrigerating apparatus according
to the present invention is suitable for use in an air éonditioner
comprising a plurality of indoor heat exchangérs, especially in
an air conditioner for simultaneously performing cooling and

heating operations.
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AN

WHAT IS CLAIMED .IS:

1. A refrigerating apparatus comprising: a heat-source-
side unit (A); use-side units (B, C); and at least one of heat
exchangers (12, 14) contained in each of the use-side uhits (B,
C), heat generated in the héat—source—side unit (A) being supplied
to the use-side units (B, C), at least one (12) of the heat
exchangers forming a heat-release-side heat'exchanger (12) for
performing heat releasing operation, the other (14) of the heat
éxchangers forming a heat-absorption-side heat exchanger (14)
for performing heat absorbing operation,

the heat-source~side unit (A) including a heating element
(33), a cooling element (5A), a heat-absorbing element (3B) fdr
receiving warm heat from the héating element (33A), and a heat
releasing element (5B) for receiving cold heat from the cooling
element (53),

transfer means (11), the heat absorbing element (3B), the
heat releasing element (5B), and the heat exchangers (12, 14)
being connected to each other by a liquid pipe (LL) and gas pipes
(GH, GL) to constitute a use;side refrigerant circuit (10) through
which a refrigerant circulates,

whereih, in the use-side refrigerant circuit (10), the
liquid refrigerant is evaporated in the heat absorbing element

(3B) with the warm heat from the heating element (3A), the gas

refrigerant flows to the use-side units (B, C) via the gas pipe

(GH) and releases heat in the heat-release-side heat exchanger
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(12) to be condensed, the liquid refrigerant absorbs heat in the
heat-absorption-side heat exchanger (14) to be evaporéted, the
gas refrigerant flows to the heat-source-side unit (A) via the
gas pipe (GL) to be condensed in the heat releasing element (5B)
with the cold heat from the cooling element (5A), and then the
liquid refrigerantlflows into the heat absorbing element (3B).

2. The refrigerating apparatus according to claim 1,
wherein a bypass path (20) is provided in the use-side refrigerant
circuit (10) such that the condensed refrigerant in the heat-
release-side heat exchanger (12) bypasses the heat-
absorption-side heat exchanger (14) to flow into the heat
releasing element (5B).

3. The refrigerating apparatus according to claim 2,
wherein an adjusting mechanism (21) for adjusting a.flow rate of
the refrigerant bypassing the heat-absorption-side heat
exchanger (14) is provided in the bypass path (20). |

4. Tﬁe refrigerating apparatu§ according to claim 3,
wherein the adjusting mechanism (21) is a flow rate adjusting
valve (21) the opening rate of which ié adjustable, said
:efrigerating apparatus further comprising

opening rate-adjusting means for increasing the opening

rate of the flow rate adjusting valve (21) as a required amount

~of heat to be absorbed by the heat-absorption-side heat exchanger

(14) is smaller than a required amount of heat to be released from

the heat-release-side heét exchanger (12).

80



10

15

20

25

A

5. The refrigerating apparatus according to claim 1,
wherein a bypasé path (25) is provided in the use-side
refrigerating ciréUit,(lO) Such that the condensed refrigérant
in the heat releasing element (55) bypasses the heat absorbing
element (3B) and flows into the heat—release-side heat exchanger
(12).

6. The refrigerating apparatus according to claim 5,
wherein an adjusting mechanism (26) for adjusting'a flow rate of
fhe refrigerant bypassing the heat absorbing element (3B) is
provided in the bypass path (25).

7. The refrigerating apparatus according to claim 6,
wherein the adjusting mechanism (26) is a flow rate adjusting
valve (26) the opening rate of which is adjustable, the apparatus
further comprising

opening rate adjusting-means for increasing the opening
rate of the flow rate adjusting valve (26) as a required amount
of heat to be released from the heat-release-side heat exchanger
(12) is smaller than a required amount of heat to be absorbed by
the heat-absorption-side heat ethanger (14) .

8. The réfrigerafing apparatus according to claim 1,
wherein liquid passage pipes (30, 35, 40) are connected between
a first liquid pipe (LL) providing a connection between the heat
releasing element_(SB) and the heat absorbing element (3B) and
a second liqﬁid pipe (LL) providing a connection between the .
heat-release-side heat exchanger (12) and the heat-
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absorption-sideheatexchanger(14),theliquidpassagepipeskso,
35, 40) allowing the refrigerant to flow between the first pipe
(iL) and the second pipe (LL).

9. The réfrigerating apparatus according to claim 8,
wherein |

the transfer means (11) is provided in the first liquid pipe
(LL) and

the liquid passage pipe (30) has an upstream end connected
to the second liquid pipe (LL) and a downstream end connected
between the transfer means (11) and the héat releasing element
(5B) in the first liquid pipe (LL)f

10. The refrigerating apparatus according to claim 9,
wherein

. a flow rate adjusting valve (31) the flow rate of which is
adjustable is provided in the liquid passage pipe (30), the
apparatus further comprising
_ opening rate adjusting-means for increasing an amount of

refrigerant flowing through the liquid passage pipe (30) by
increasing the opening rate of the flow_rate adjusting valve (31)
as. a required amount of heat td be absorbed by the heat-
absorption-side heat exchanger (14) is smaller than a required
amount of heat to be released from the heat-release-side heat
exchanger (12).

11. The refrigerating apparatus according to claim 8,
wherein |
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the transfer means (11) is provided in the first liquid pipe
(LL) and

the liquid passage pipe (35) has an upstream end connecteg
between the transfer means (11).and the heat releasing elément
(5B) in the first liquid pipe .(I.I.) and a downstream end gonnected
to the second liquid pipe (LL).

12. The refrigerating apparatus according to‘claim'll,
wherein

a flow rate adjusting valve (36) the opening rate of which -

is adjustable is provided in the liquid passage pipe (35), the

'apparatus further comprising

opening rate adjusting means for increasing an amount of
refrigerant flowing through the liquid passage pipe (35) by
increasing the opening rate of the flow rate adjusting valve (36)
as a required amount of heat to be released from the heat-
release-side heat exchanger (12) is smaller than a required amount
of heat to be absorbed by the heat-absorption-side heat exchanger
(14).

13. The refrigerating apparatus according to claim 8,
wherein

two transfer means (lla, 11b) are disposed in the first
liguid pipe (LL) and | |

a liquid passage pipe (40) is connected between the two
transfer means (lla, 11b) in the first liquid pipe (LL).

14. The refrigerating apparatus according to claim 13,
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further comprising
capability adjustiné means for adjusting the transfer
capability of the downstream transfer means (11b) to be higher
than the transfer capability of the upstream transfer means (11la)
as a required amount of heat to be absorbed by the heat-
abSOrptiph—side heat exchangei (14’ is smaller than a required
amount of heat to be released from the heat-release-side heat
exchanger (12), while adjusting the transfer capability of the
upstream transfer means (lla) to be higher than the transfer
capability of the downstream transfer means (1lb) as a required
amount of heat to be released from the heat-release-side heat
exchanger (12) is smaller than a.réquired amount of heat to be
absorbed by the heat-absorption-side heat exchanger (14) .
15.-The refrigerating apparatus according to claim 8,
wherein
the transfer means (11) is provided in the first liquid pipe
(LL) and
the portion of the liquid passage pipe (40) connected to
the first liquid pipe (LL) is divided into a first branch pipe -
(40a) and a second branch pipe (40b),
said first branch pipe (40a) being connected between the
heat releasing element (5B) and the transfer means (lli in the
first liquid pipe (LL), said second branch pipe (40b) being
connected between the transfer means (11) and the heat absorbing
element (3B) in the first ligquid pipe (LL),
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a first flow rate control valve (4la) and a second f;Low rate
control valve (40b) being provided in the first branch pipe (40a)
and in the second branch pipe (40b), respectively.

16. The refrigerating apparatus according to claim 15,
further comprising

open/close control means for opening the first flow rate
control valve (4l1la) and closing the second flow rate control valve
(41b) when a require'd. amount of heat to be absorbed by the
heat-absorption-side heat exchanger (14) is smaller than a-
fequired amount of heat to be released from the heat—release—
side heat exchanger (12), while opening the second flo.w rate
control valve (41b) and closing the first flow rate control valve
(41a) when a required amount of heat to be released from the
heat—:;el'ease—side heat exchanger (12) is smaller than a required
amount of heat to be absorbed by the heat-absorption-side heat
exchanger (14). | |

17. The refrigerating apparatus according to claim 8,
wherein

the transfer means (11) is provided in the first liquid pipe
(LL) and

the portion-of the liquid passage pipe (40) connected to
the first liquid pipe (LL) is divided into a first braﬁc_h pipe
(40a) and a second branch pipe (40b),

said first branch pipe (40a) being connected tq the gas pipe
(GI.)I upstream' of the heat releas-ing element (5B), said second
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braﬁéh éipe (4db) being connected between the transfer means (11)-
and the heat absorbing element (3B) in the first liquid pipe (LL),

a first flow rate control valve (42a) and a second flow rate
control valve (42b) being brovided in the first branch pipe (40a)
and in the second bran.ch pipe (40b).

18. The refrigerating.apparatus according fo claim 17,
further combrising

-opening fate adjusting means for adjusting respective
opening rates of the flow raté control valves (42a, 42b) such that
the opening rate of the first flow rate control valve (42a) is
highe_r than the opening rate of the second flow rate control valve
(42b) as a reciuired amount of heat. to be absorbed by the
heat-absorption-side heat exchanger (14) is smaller than a
required amount of heat to.be released from thelheat—release—

side heat exchanger (12) and that the opening rate of the second

flow rate control valve (42b) is higher than the opening rate of

the first flow rate control valve (42a) as a required amount of
heat to be released from the heat-release-side heat exchanger {(12)
is smaller than a required amount of heat to be absorbed by the
heat-absorption-side heat exchanger (i4).

19. The refrigerating apparatus according to any one of
claims '1 to 18, further comprising a plurality of heat-source-side
units (Al, A2),

respective gas sides of the heat absorbihg elements (3B)
of the individual heat-source-side units (A1, A2) being connected
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" to each other and to the heat-release-side heat exchanger (12)

via the gas pipe (GH))

respective gas sides of the heét releasing elements (5B)
of the individual heat—sdurce—side units (Al, A2) being connected
to each other and to t_he. heaf—ab’sorption—side hgat exchanger (14)
via the gas pipe (GL).

20. The refrigerating apparatus according to any ohe of
claims 1 to 18, further comprising an auxiliary heat-source-side
unit (A2), the -auxiliary heat-source-side unit (AZ) being
switchable between |

a heat-release assisting action of supplying the gas
refrigerant to the heat-release-side heat exchanger (12) and
recovering the liquid refrigerant flowing out of the heat-
release—sidehéafexchanger(12)withoutallowingtherefrigerant
to pass through.phe heat—absorption—sidé heat exchanger (14) and

a heat-absorption assisting action of Supplying'the liquid
refrigerant - to the heat-absorption-side heat exchanger (14)
withéut allowing the refrigerant to pass through the heat-
release—sidé heat exchanger (12) and recovering the gas
refrigefant flowing out..of the heat-~absorption-side heat
exchanger (14).

21. The refrigerating apparatus according to claim 20,
wherein

theauxiliaryheat—éource—sideunit(A2)hastransfernmans
(50), a heat exchanger (52), and flow-path switching means (51),
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the heat-release assisting action of the auxiliary
heat-source-side unit (A2) includes switching the flow-path
switching means (51), supplying the gas refrigerant éjected from

the transfer means (50) and evaporated in the heat exchanger (52)

to the heat-release-side heat exchanger (12), and recovering, in

the transfer means (50), the liqﬁid refrigerant condensed in the
heat-release-side heat exchénger (12),'and

the heat-absorption assisting action of the auxiliary
heat-source-side unit (A2)_includes switching the flow-path
switching means (51), supplying the liquid refrigerant ejected
from the transfer means (50) to the heat-absorption-side heat
exchanger (14), and condensing, in the heat exchanger (52), the

gas refrigerant passing through the'heat—absorption—side heat

exchanger (14) and circulating through the use-side refrigerant

circuit (10) such that the refrigeranf is recovered by the
transfer means (50).

22. The refrigerating apparatus according to claim 21,
further comprising

switch control means for switching the flow rate switching
means (51) .such that the heat-release assisting action is
performed when a reqﬁired amount of heat to be released from the
heat-release-side heat exchanger (12) is larger thaﬁ_a required
amount of heat to be absorbed by the héat—absorption—side heat
exchanger (14) and the heat-absorption assisting action is
performed when the required amount of heat to be absorbed by the
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heat-absorption-side heat exchanger (14) is larger than a
required amount of heat to be released from the heat~release-
side heat exchanger (12).

23. The refrigerating apparatus according to any one of

claims 1 to 22, wherein switching means (D1, D2) for selectively

' switching the respective gas sides of the heat exchangers (12,

14) between the heat absorbing element (3B) and the heat releasing
element (5B) to provide connections between the respective gas
sides and the selected ones of the eiements are provided in the
use-side refrigérant circuit (10).

24. The refrigerating apparatus according to claim 23,
wherein first switching valves (55a, 55¢) for swifching the
respective gas sides of the heat exchangers (12, 14) and'ghe heat
absorbing element (3B) between a communicating state and an
interrupted state and second switching valves (55b, 55d) for
switching the respective gas sides of the heat exchangers (12,
14) and the heat'reieasing elemént (5B) between the cdnununicating
state and the interrupted state afe provided in the switching
meéns (D1, D2), the refrigerating apparatus further comprising

switch control means for controlling the switching means
(D1, D2) such that the heat exchahgers (12, 14) connected to the
switching means (D1, D2) being formed into heat-release-side heat
exchangers (12, 14) by opening the first switching valves (55a,
55¢) and closing the second switching valves (55b, 55d) in one
of the switching means (D1, D2) énd.that the heat exchangers (12,

89



10

15

RRR RO

14) connected to the other of the switching means (D1, D2) being
formed into heat-absorption-side heat exchangérs (12, 14) by
closing the first switching valves (555, 55¢) and opening.the
second switching valves (55b, 55d) in the other of the switching
means (D1, D2).

25. The refrigerating apparatus according to any one of
claims 1 to 24, wherein the fransfer means (11) is a mechanical
pump;

26. The refrigerating apparatus according to any one of
claims 1 to 24, wherein the transfer means {(11) haé at least one
of pressure increasing means (71) for heating the 1liquid
refrigerant and generating a high pressure and pressure reducing
means (72) for cooling the gas refrigerant and generating a loﬁ
pressure and.génerates a driving force_for circulating'the
refrigerant in the use—sidé refrigerant circuit (10) with the
bressure generated by the pressure incréasing means (71) or by

the pressure reducing means (72).
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