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HEAT TRANSPORT SYSTEM

TECHNICAIL FIELD
The present invention relateé to a heat transport systenm,
which can be used as refrigerant circuitry for an air condi-
tioning system, for example. More particularly, the present
invention relates to a heat transport system for transporting
heat by‘circulating a heat transport medium without requiring

a driving source such as a pump.

BACKGROUND ART
As refrigerant circuitry for an air conditioning system,
two-system refrigerant circuitry, such as that disclosed in
Japanese Laid-Open Publication No. 62-238951, has convention-
ally been known. Refrigerant circuitry of this type includes:

a primary refrigerant circuit in which a compressor, a heat

exchanger on a first heat source side, a pressure reducing

mechanism and a heat exchanger on a first application side are
sequentially connecfed to each other through a refrigerant

pipe; and a secondary refrigerant circuit in which a pump, a

"heat exchanger on a second heat source side and a heat ex-

changer on a second application side are connected to each
other through a refrigerant pipe.
And, heat is exchanged between the heat exchanger on the

first application side of the primary refrigerant circuit and
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the heat exchanger on the second heat source side of the sec-
ondary refrigerant circuit, and the heat exchanéer on the sec-
ond application side is disposed within a room to be air-
conditioned.

In this refrigerant circuitry, during the room cooling
running, a refrigerant is evaporated in the heat exchanger on
the first application side and is condensed in the heat ex-
changer on the second heat source side, In the heat ex-
changer on the second application side, the condensed refrig-
erant exchanges heat with the indoor air and is evaporated,
thereby cooling the indoor air.

Oon the other hand, during the room heating running, a
refrigerant is condensed in the heat exchanger on the first
application side and is evaporated in the heat exchanger on
the second heat source side. In the heat exchénger on the
second application side, the evaporated refrigerant exchanges
heat with the indoor air and is condensed, thereby heating
the indoor air.

In this way, the piping length of the primary refriger-

ant circuit is intentionally shortened, thereby trying to im-

prove the refrigerating capacity.

However, in such an arrangement, a pump is required as a
discrete driving source for circulating the refrigerant in
the secondary refrigerant circuit. As a result, the power

consumption and the like are increased. 1In addition, since
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such a driving source is required, the number of parts having
such factors as to cause some failure is increased and thus
the reliability of the entire system is adversely deterio-
rated.

As refrigerant circuitry for overcoming these problems,
there exists a heat transport system of a so-called *“non-
powered” heat transport type, in which no driving source is
provided for a secondary refrigerant circuit. The heat
transport systems of such a type include a system disclosed
in Japanese Laid-Open Publication No. 63-180022. In the heat
transport system, the secondary refrigerant circuit is con-
structed suchlthat a heater, a condenser and a sealed contain-
er are sequentially connected to each other through a refrig-
erant pipe and that the sealed container is disposed at a
position higher than that of the heater. Moreover, the heater
and the sealed colntainer are connected to each other through
an equalizer pipe iﬁcluding an opening/closing valve.

In such an arrangement, during the room heating running,
the opening/closing wvalve is first closed. The gaseous re-
frigerant heated by the heater is condensed in the condenser
so as to be liquefied. Then, the liquid refrigerant is.recov—
ered into the sealed container. Thereafter, the open-
ing/closing valve is opened, the pressure in the heater is
equalized by the equalizer pipe with the pressure in the

sealed container, and then the liquid refrigerant is recovered
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from the sealed container, disposed at a position higher than
that of the heater, to the heater.

By repeating this operation, the circulation of the re-
frigerant is ehabled without providing any driving source such
as a pump for the secondary refrigerant circuit.

(Problems to be solved)

However, in such a heat transport system, if the gaseous
refrigerant flows from the condenser into the sealed con-
tainer, then the pressure in the sealed container rises. As a
result, there is some possibility that the operation of circu-
lating the refrigerant cannot be performed satisfactorily.
Thus, the cbndenser is required to excessively cool the re-
frigerant so that the gaseous refrigerant does not flow out
from the condenser.

Moreover, the heat transport system ameliorates the inner
structure of the sealed container so as to suppress a rise in
pressure within the sealed container. However, the system
cannot be regarded as attaining sufficient réliability.

Furthermore, if the liquid refrigerant is to be intro-
duced into the sealed container with certainty in this manner,
then the condenser is required to be disposed at a position
higher than that of the sealed containef. Thus, since undue
festriction is imposed on the positions where the respective
units are disposed, it has been difficult to apply such a sys-

tem to a large-scale system or a system having a long pipe.
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In view of this point, the present invention has been
made in order to accomplish an objective of alleviating the
restriction on the positions where units are disposed and at-
taining high reliability and universality for a heat trans-
port system of a non-powered heat transport type requiring no

driving source.

DISCLOSURE OF THE INVENTION

In order to accomplish the above-described objective,
according to the present invention, a refrigerant in a re-
frigerant circuit on an application side is pressurized, and
is circulated in the refrigerant circuit on the application
side by utilizing this pressure. In addition, the direction
in which thé refrigerant circulates is controlled such that
heat exchange means on the application side can perform a
predetermined operation.

Specifically, as shown in Fiéure 1, the first solution
provided by the present invention includes a refrigerant cir-
cuit (B) constituted such that heat exchange means (1) on a
heat source side is connected to heat exchange means (3) on
an application side through a gas pipe (6) and a liquid pipe
(7) sb as to circulate a refrigerant therein, the heat ex-
change means (1) on the heat source side exchanging heat with
heat source means (A).

And tank means (T) for communicating with the liquid
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pipe (7) and reserving a liquid refrigerant therein is also
provided. And pressure requlating means (18) for alternately

performing a pressurizing operation for raising an internal

.pressure of the tank means (T) and a pressure reducing opera-

tion for lowering the internal pressure is further provided.

In addition, refrigerant control means (H) is further
provided for allowing only a supply of the liquid refrigerant
from the tank means (T) to any of the heat exchange means to
be an evaporator during the pressurizing operation of the
pressure regulating means (18) and allowing only a recovery
of the liquid refrigerant from any of the heat exchange means
to be a condenser to the tank means (T) during the pressure
reducing operation thereof, thereby circulating the refriger-
ant of the refrigerant circuit (B) and making the heat ex-
change means (3) on the application side absérb or radiate
heat.

In the first solution, the liquid refrigerant is sup-
plied from the tank means (T) to the heat exchange means to
be an evaporator during the pressurizing operation of the
pressure regqgulating means (18). On the other hand, during
the pressure reducing operation of the pressure regulating
means (18), the liquid refrigerant is recovered from the heat

exchange means to be a condenser to the tank means (T).

Thus, the refrigerant is circulated in a predetermined direc-

tion between the heat exchange means (1) on the heat source
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side and the heat exchange means (3) on the application side
and the heat absorption or radiation is caused in the heat
exchange means (3) on the application side.

In this manner, the refrigerant is circulated by utiliz-
ing the pressure applied from the pressure regulating means
(18) to the tank means (T).. Also, the recovery of the liquid
refrigerant from the heat exchange means to be a condenser to
the tank means (T) is performed by a low pressure generated in
the tank means (T).

Thus, in accordance with the first solution, since a
high-pressure state and a low-pressure state are alternately
and switchably established in the tank means (T) connected to
the liquid pipe (7) and the refrigerant is circulated between
the heat exchange means (1) on the heat source side and the
heat exchange means (3) on the application side by utilizing
this pressure, special transport means, such as a refrigerant
circulating pump for circulating the refrigerant is no longer
necessary. As a result, the power consumption and the num-
ber of parts having such factors as to cause a failure can be
reduced and the reliability of the entire system can be en-
sured.

In addition, since the liquid refrigerant in the heat
exchange means to be a condenser is sucked by utilizing the
low pressure of the tank means (T), the conventional restric-

tion on the positions where units are disposed, such as dis-
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posing the tank means (T) at a lower position than thét of
the heat exchange means, can be eliminated, thereby improving
the practicality.

Moreover, since the refrigerant circulation operation in
the refrigerant circuit (B) can be performed stably, the re-
frigerant can be circulated satisfactorily even when the en-
tire circuitry is formed in a large size. Conéequéntly, the
system can be enlarged.

In the second solution provided by the-present inven-
tion, the first solution is modified such that the heat ex-
change means (3) on the application side functions as an
evaporator for absorbing heat as shown in Figure 1. The re-
frigerant control means (H) allows the liquid refrigerant to
be supplied from the tank means (T) to the heat exchange
means (3) on the application side and prevents the liquid re-
frigerant from being supplied from the tank means (T) to the
heat exchange means ‘(1) on the heat source side during the
pressurizing operation of the pressure regulating means (18),
and allows the liquid refrigerant to be recovered.from the
heat exchange means (1) on the heat source side to the tank
means (T) and prevents thé liquid refrigerant from being re-
covered from the heat exchange means (3) on the application
side to the tank means (T) during the pressure reducing op-
eration of the pressure regulating means (18).

In the second solution, during the heat absorption run-
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ning of the heat exchange means (3) on the application side,
the liquid refrigerant is supplied from the tank means (T) to
the heat exchange means (3) on the application side, and is
evaporated in the heat exchange means (3) on the application
side. And the gaseous refrigerant is condensed in the heat
exchange means (1) on the heat source side and then recovered
into the tank means (T). Thus, a heat absorption operation
is realized by the refrigerant evaporated in the heat ex-
change means (3) on the application side.

In accordance with the second solution, only the supply
of the liquid refrigerant from the tank means (T) to the heat
exchange means (3) on the application side is allowed during
the pressurizing operation of the pressure regulating means
(18), and only the recovery of the liquid refrigerant from
the heat exchange means (1) on the heat source side to the
tank means (T) is allowed during the pressure reducing opera-
tion of the pressure reqgulating means (18), thereby making
the-heat exchange means (3) on the application side perform
heat absorption running. Thus, the heat absorption running
of the heat exchange means (3) on the application side can be
performed with certainty and the reliability of the system
can be improved.

In the third solution provided by the present invention,
the first solution is modified such that the heat exchange

means (3) on the application side functions as a condenser
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for radiating heat, as shown in Figure 7. The refrigerant
control means (H) allows the liquid refrigerant to be sup-
plied from the tank means (T) to the heat exchange means (1)
on the heat source side and prevents the liquid refrigerant
from being supplied from the tank means (T) to the heat ex-
change means (3) on the application side during the pressur-
izing operation of the pressure regulating means (18), and
allows the liquid refrigerant to be recovered from the heat
exchange means (3) on the application side to the tank means
(T) and prevents the liqﬁid fefrigerant from being recovered
from the heat exchange means (1) on the heat source side to
the tank means (T) during the pressure reducing operation of
the pressure regulating means (18).

In the third solution, during the heat radiation running
of the heat exchange means (3) on the application side, the
liquid refrigerant is supplied from the tank means (T) to the
heat exchange means (1) on the heat source side, and is
evaporated in the heat exchange means (1) on the heat source
side. And the gaseous refrigerant is condensed in the heat
exchange means (3) on the applicatiﬁn side and then recovered
into the tank means (T). Thus, a heat radiation operation is
realized by the refrigerant condensed in the heat exchange
means (3) on the application side.

In accordance with the third solution, only the supply

of the liquid refrigerant from the tank means (T) to the heat

10
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exchange means (1) on the heat source side is allowed during
the pressurizing operation of the pressure regulating means
(18), and only the recovery of the liquid refrigerant from
the heat exchange means (3) on the application side to the
tank means (T) is allowed during the pressure reducing opera-
tion of the pressure regulating means (18), thereby makihg
the heat exchange means (3) on the application side perform

heat radiation running. Thus, the heat radiation running of

the heat exchange means (3) on the application side can be

performed with ceftainty and the reliability of the system
can be improved.

In the fourth solution provided by the present inven-
tion, the first, second or third solution is modified such
that the pressure regulating means (18) applies heat to the
refrigerant in the tank means (T) so as to raise the internal
pressure of the tank means (T) during the pressurizing opera-
tion, and extracts heat from the refrigerant of the tank
means (T) so as to lower the internal pressure of the tank
means (T) during the pressure reducing operation as shown in
Figures 4 and 5.

In the fourth solution, the refrigerant in the tank
means (T) is directly heated and cooled, thereby changing the
internal pressure of the tank means (T) and transporting the
refrigerant.

In accordance with the fourth solution, the refrigerant

11
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in the tank means (T) is directly heated and cooled by the
pressure regqulating means (18), tﬁereby changing the internal
pressure of the tank means (T) in this manner. Thus, the in-
ternal preésure of the tank means (T) can be changed with a
mechanism having a relatively small heat loss and the effi-
ciency of refrigerant transport can be improved.

In the fifth solution provided by the present invention,
the  fourth solution is modified such that the pressure requ-
lating means (18) is constituted by heat exchange means
(18b), which is adjacent to the tank means (T) and switchably
performs a heating operation of applying heat to the refrig-
erant of the tank means (T) and a cooling operation of ei-
tracting heat from the refrigerant of the tank means (T), as
shown in Figure 4.

In the sixth solution provided by the present invention,
the fourth solution is_modified such that the pressure regu-
lating means (18) includes a refrigerant circuit (D) includ-
ing: a compressor (Dl); a first heat exchanger (D3); a pres-
sure reducing mechanism (D4); a second heat exchanger (D5);
and selector means (D2) for alternately switching connection
states of the first heat exchanger fD3) and the second heat
exchanger (D5) to an outlet side of the compressor (Dl), as
shown in Figure 5. And, the first heat exchanger (D3) ex-
changes heat with the tank means (T) and heats and cools the

refrigerant in the tank means (T) in accordance with a

12
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switching operation of the selector means (D2).

In accordance with the fifth and the sixth solutions,
specific arrangements can be obtained for the pressure regu-
lating means.

Thus, in accordance with the fifth and the sixfh solu-~
tions, since the arrangements of the pressure regulating'
means are specified, the practicality of the system itself
can be improved. 1In addition, since the internal pressure of
the tank means (T) can be regulated accurately, the reliabil-
ity of the running operation can also be improved.

In.the seventh solution provided by the present inven-
tion, the first, second or third solution is modified such
that the pressure regulating means (18) includes pressure
generating means (18a, 18c, 19¢) coupled to the tank means
(T) through a pressure pipe (19), applies a high pressure
from the pressure generating means (18a, 18c, 19¢) to the in-
side of the tank means (T) during a pressurizing operation,
and applies a low pressure from the pressure generating means
(18a, 18c, 19c¢) to the inside of thé tank means (T) during a
pressure reducing operation as shown in Figures 2, 3 and 6.

In accordance with the seventh solution, the éressure
generating means (18a, 18c, 19¢), which is a source of gen-
erating pressure to be applied to the tank means (T), is cou-
pled to the tank means (T) through a pressure pipe (19).

Thus, the pressure generation source need not be disposed in

13
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proximity of the tank means (T), and the flexibility of the
installation positions can be improved.

In the eighth solution provided by the present inven-
tion, the seventh solution is modified such that the pressure
generating means functions as a reservoir container (18a) in
which a liquid refrigerant is reservable, as shown in Figure
2. The pressure regulating means (18) applies heat to the
liquid refrigerant in the reservoir container (18a) so as to
evaporate the liquid refrigerant and to raise an internal
pressure of the reservoir container (18a) during a pressuriz-
ing operation, and extracts heat from a gaseous refrigerant
in the reservoir container (18a) so as to condense the gas-
eous refrigerant and to lower the internal pressure of the
reservoir container (18a) during a pressure reducing opera-
tion.

On the other hand, in the ninth solution provided by the
present infention, the seventh solution is modified such that
the pressure generating means functions as a compressor (18c)
as shown in Figure 3. A connection state of the pressure
pipe (19) to the compressor (18c) is switched to an outlet
side and an inlet side of the compressor (18c) by selector
means (I). And the pressure regqulating means (18) connects
the pressure pipe (19) to the outlet side of the compressor
(18c) during a pressurizing operation and connects the pres-

sure pipe (19) to the inlet side of the compressor (18c) dur-

14
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ing a pressure reducing operation in accordance with a
switching operation of the selector means (I).

Moreover, in the tenth solution provided by the present
invention, the seventh solution is modified such that the
pressure generating means functions as a heat exchanger (19c)
in which a refrigerant is reservable as shown in Figure 6.
The pressure requlating means (18) applies heat to the re-
frigerant in thé heat exchanger (19¢) so as to raise an in-
ternal pressure of the heat exchanger (19c) during a pressur-
izing operation and extracts heat fiom the refrigerant in the
heat exchanger (19¢c) so as to lower the internal pressure of
the heat exchanger (19¢) during a pressure reducing opera-
tion.

Furthermore, in thé eleventh solution provided by the
present invention,.the tenth solution is modified such that
the pressure regulating means (18) includes a refrigérant
circuit (D) including: a compressor (Dl1l); a first heat ex-
changer (D3); a pressure reducing mechanism (D4); a second
heat exchanger (D5); and selector means (D2) for alternately
switching connection states of the first heat exchanger (D3)
and the second heat exchanger (D5) to an outlet side of the
compressor (Dl1) as shown in Figure 6. And, the first heat
exchanger (D3) exchanges heat with the heat exchanger (19¢)
and heats and cools the refrigerant of the heat exchanger

(19¢) in accordance with a switching operation of the selec-

15
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tor means (D2).

In the eighth to the eleventh solutions, specific ar-
rangements can be 6btained for the pressure generating means
(18a, 18c, 19¢) to be a pressure generation-source for per-
forming a pressurizing operation and a pressure reducing op-
eration with respect to the tank means (T).

In accordance with the eighth to the eleventh solutions,
the arrangements of the pressure generating means (1l8a, 18c,
19¢c) can be specified. Thﬁs, the practicality of the system
itself can be improved.

In the twelfth solution provided by the present inven-
tion, the second solution is modified such that the refriger-
ant control means (H) is constituted by: a first solenoid
valve (SV-A), which is provided between a connecting point of
the tank means (T) to the liquid pipe (7) and the heat ex-
change means (1) on the heat source side, closes during the
pressurizing operatioﬁ of the pressure regulating means (18)
and opens during the pressure reducing operation thereof; and

a second solenoid valve (SV-B), which is provided between the

'connecting point of the tank means (T) to the liquid pipe (7)

and the heat exchange means (3) on the application side, opens
during the pressurizing operation of the pressure regulating
means (18) and cléses during the pressure reducing operation
thereof, as shown in Figure 8.

on the other hand, in the thirteenth solution provided

16
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by the present invention, the third solution is modified such
that the refrigerant control means (H) is constituted by: a
first sélenoid valve (SV-A), which is provided between a con-
necting point of the tank means (T) to the liquid pipe (7) and
the heat exchange means (1) on the heat source side, opens
during the pressurizing opération of the pressure regulating
means (18) and closes during the pressure reducing operation
thereof; and a second solenoid valve (SV-B), which is provided
between the connecting point of the tank means (T) to the lig-
uid pipe (7) and the heat exchange means (3) on the applica-
tion side, closes during the pressurizing operation of the
pressure regulating“means (18) ﬁnd opens during .the pressure
reducing operation thereof, as shown in Figure 8.

Moreover, in the fourteenth solution provided by the
present invention, the Second solution is modified such that
the refrigerant control means (H) is constituted by: a first
check valve (Cvl), which is provided between a connecting
point of the tank means (T) to the liquid pipe (7) andlthe
heat exchange means (1) on the heat source side and allows on-
ly the liquid refrigerant to flow from the heat exchange means
(1) on the heat source side to the tank.means (T); and a sec-
ond check valve (CV2), which is provided between the connect-
ing point of the tank means (T) to the liquid pipe (7) and the
heat exchange means (3) on the application side and allows on-

ly the liquid refrigerant to flow from the tank means (T) to

17



10

15

20

the heat exéhange means (3) on the application side, as shown
in Figure 1.

Furthermore, in the fifteenth solution provided by the
present invention, the third solution is modified such that
the refrigerant control means (H) is constituted by: a first
check valve (Cv3), which is provided between a connecting
point.of the tank means'(T) to the liquid pipe (7) and the
heat exchange means (1) on the heat source side and allbws on-
ly the liquid refrigerant to flow froﬁ the tank means (T) to
the heat exchange means (1) on the heat source side; and a
second check valve (Cv4), which is provided between the con-
necting point of the tank means (T) to the liquid pipe (7) and
the heat exchange means (3) on the application side and allows
only the liquid refrigerant to flow from the heat exchange
means (3) on the application side to the tank means (T), as
shown in Figure 7.

* In the twelfth to the fifteenth solutions, specific ar-
rangements can be obtained for the refrigerant control means
(H).

In accordance with the twelfth to the fifteenth solu-
tions, since specific arrangements can be obtained for the

refrigerant control means (H), the refrigerant circulation

" direction can be accurately set in order to make the heat ex-

change means (3) on the application side perform heat absorp-

tion or radiation running. This also makes it possible to

18
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improve the reliability of the running operation and the
practicality.

In the sixteenth solution provided by the present inven-
tion, by providing a plurality of tank means (T1l, T2), the
heat radiation or absorption running of the heat exchange
means (3) on the application side can be performed continu-
ously.

Specifically, as shown in Figures 10, 12, etc., first, a
refrigerant circuit (B), constituted such that heat exchange
means (1) on a heat source side is connected to heat exchange

means (3) on an application side through a gas pipe (6) and a

liguid pipe (7) so as to circulate a refrigerant therein and

that the heat exchange means (1) on the heat source side ex-
changes heat with heat source means (A), is provided.

And, at least one first tank means (Tl) and at least one
second tank means (T2), which are connected in parallel to
the liquid pipe (7) and reserve a liquid refrigerant therein,
are also provided.

Moreover, pressure requlating means (18) for alternately
switching a first pressure state, in which an internal pres-
sure of the first tank means (Tl1l) is raised and an internal
pressure of the second tank means (T2) is lowered, and a sec-
ond pressure state, in which the internal pressure of the
first tank means (Tl) is lowered and the internal pressure of

the second tank means (T2) is raised, is further provided.

19
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In addition, refrigerant control means (H) is further
provided for supplying the liquid refrigerant from the first
tank means (Tl1) to any of the heat exchange means to be an
evaporator and recovering the liquid refrigerant from any of
the heat exchange means to be a condenser to the second tank
means (T2) during the first pressure state of the pressure
regulating means (18), and for supplying the liquid refriger-
ant from the second tank means (T2) to any of the heat ex-
change means to be an evaporator and recovering the liquid
refrigerant from any 6f the heat exchange means to be a con-
denser to the first tank means (Tl1) during the second pres-
sure state of the pressure requlating means (18), thereby
circulating the refrigerant of the refrigerant circuit (B)
and making the heat exchange means (3) on the application
side continuously absorb or radiate heat.

In the sixteenth solution, by making the refrigerant
control means (H) prevent the refrigerant from flowing while
alternately switching the first pressure state and the second
pressure state of the pressure regulating means (18), tank
means supplying the liquid refrigerant to one heat exchange

means and tank means recovering the refrigerant from the oth-

~er heat exchange means are alternately switched. Thus, the

heat absorption or radiation running of the heat exchange
means (3) on the application side is performed continuously.

In accordance with the sixteenth solution, an operation
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of applying a high pressure to the first tank means (T1) and
a low pressure to the second tank means'(TZ) and an operation
of applying a high pressure to the second tank means (T2) and
a low pressure to the first tank means (Tl) are alternately
performed. Thus, since the heat absorption or radiation run-
ning of the heat exchange means (3) on the application side
can be performed continuously, performance and practicality
of thé entire system can be improved.

In addition, in this solution as in the first solution
described above, special transport means for circulating the
refrigerant between the heat exchange means (1) on the heat
source side and the heat exchange means (3) on the applica-
tion side is not necessary, either. As a result, the power
consumption and the number of parts having such factors as to
cause a failure can be reduced and the reliability of the en-
tire system can be ensured.

Moreover, since the restriction on the installation
positions of the units can be alleviated, the universality
can be improved.

In the seventeenth solution provided by the present in-
vention, the sixteenth solution is modified such that,
firstly, the heat exchange means (3) on the application side
functions as an evaporator for absorbing heat as shown in
Figure 12. And, the refrigerant control means (H) switches

refrigerant flow states in the liquid pipe (7) so as to sup-
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ply the liquid refrigeran; from the first tank means (Tl) to
the heat exchange means (3) on the application side and re-
cover the liquid refrigerant from the heat exchange means (1)
on the heat source side to tﬁe.second tank means (T2) during
the first pressure state of the pressure regulating means
(18), and so as to supply the liquid refrigerant from the
second tank means (T2) to the heat exchange means (3) on the
application side and recover the liquid refrigerant from the
heat exchange meéns (1) on the heat source side to the first
tank means (T1l) during the second pressure state of the pres~
sure requlating means (18).

In the seventeenth solution, a state where the liﬁuid
refrigerant'is recovered from the heat exchange means (1) on
the heat source side to the second tank means (T2) while the
liquid refrigerant is supplied from the first tank means (T1)
to the heat exchange means (3) on the application side, and a
state where the liquid refrigerant is recovered from the heat
exchange means (1) oh the heat source side to the first tank
means (T1l) while the liquid refrigerant is supplied from the
second tank means (T2) to the heat exchange means (3) on the
application side are alternately established. As a result,
the heat absorption running of the heat exchange means (3) on
the application side is performed continuously.

On the other hand, in the eighteenth solution provided

by the present invention, the sixteenth solution is modified

22
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such that, firstly, the heat exchange means (3) on the appli-
cation side functions as a condenser for radiating heat as
shown in Figure 13. And the refrigefant control means (H)
switches refrigerant flow states in the liquid pipe (7) so as
to supply the liquid refrigerant from the first tank means
(Tl) to the heat exchange means (1) on the heat source side
and recover the liquid refrigerant from the heat exchange
means (3) on the application side to the second tank means
(T2) during the first pressure state of the pressure regulat-
ing means (18), and so as to supply the liquid refrigerant
from the second tank means (T2) to the heat exchange means
(1) on the heat source side and recover the liquid refriger-
ant from the heat exchange means (3) on the application side
to the first tank means (Tl1) during the second pressure state
of the pressure regulating means (18).

In the eighteenth solution, a state.where the 1iquid.re-
frigerant is recovered -from the heat exchange means (3) on
the application side to the second tank means (T2) while the
liquid refrigerant is supplied from the first tank means (T1)
to the heat exchange means (1) on the heat source side, and a
state where the liquid refrigerant is recovered from the heat
exchange means (3) on the application side to the first tank
means (T1l) while the liquid refrigerant is supplied from the
second tank means (T2) to the heat exchange means (1) on the

heat source side are alternately established. As a result,
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the heat radiation running of the heat exchange means (3) on
the application éide is perfotmed continuously.

Thus, in accordance with the seventeenth solution, by
alternately switching the pressure'application states onto
the respective tank means (Tl1l, T2), the heat absorption run-
ning of the heat exchange means (3) on the application side
can be performed continuously. On the other hand, in accor-
dance with the eighteenth solution, by alternately switching
the pressure application states onto the respective tank
means (T1l, T2) in a similar manner, the heat radiation run-
ning of the heat exchange means (3) on the application side
can be performed continuously. Accordingly, when the air is
conditioned by cooling or heating the indoor air while dis-
posing the heat exchange means (3) on the application side
indoors, the air condition in the room can always be kept
satisfactory.

Moreover, in the nineteenth solution provided by the
present invention, the sixteenth, seventeenth or eighteenth
solution is modified such the pressure regulating means (18)
includes pressure generating means (18A, lsB, D1, E1, E2)
coupled to the respective tank means (T1l, T2) through pres-
sure pipes (19d, 19e), makes the pressure generating means
(18A, 18B, ﬁl, El, E2) apply a high pressure to thé inside of
the first tank means (T1l) and a low pressure io the inside of

the second tank means (T2) during the first pressure state
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and makes the pressure generating means (18A, 18B, D1, E1,
E2) apply a high.pressure to the inside of the second tank
means (T2) and a low pressure to the inside of the first tankl
means (T1) during the second pressure state, as shown in Fig-
ures 10 to 12.

Thus, in accordance with the nineteenth solution, as for
a unit for making thg heat exchange means (3) on the applica-~
tion side perform heat absorption or radiation running con-
tinuously, the generation source of the pressuré to be ap-
plied onto the respective tank means (T1l, T2) need not be
disposed in the proximity of the respective tank means (T1,
T2) in the same way as in the seventh solution described
above. As a result, the fléxibility in installation posi-
tions can be improved. |

In the twentieth solution provided by the present inven-
tion, the nineteenth solution is modified such that the pres-
sure generating means are constituted by a first reservoir
container (18A) which is connected to the first tank means
(T1) and in which a liquid refrigerant is reservable, and a
second reservoir container (18B) which is connected to the
second tank means (T2) and in which a liquid refrigerant is
reservable, as shown in Figure 10.

And the pressure requlating means (18) applies heat to
the liquid refrigerant in the first reservoir container (18A)

so as to evaporate the liquid refrigerant and to raise an in-
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ternal pressure of the reservoir container (183), and ex-
tracts heat from a gaseous refrigerant in the second reser-
voir container (18B) so as to condense the gaseous refriger-
ant and to lower the internal pressure of the reservoir
container (18B) during the first pressure state. And the
pressure regulating means (18) applies heat to the liquid re-
frigerant in the second reservoir container (18B) so as to
evaporate the liquid refrigerant and to raise an internal
pressure of the reservoir container (18B), and extracts heat
from a gaseous refrigerant in the first reservoir container
(18A) so as to condénse the gaseous refrigerant and to lower
the internal pressure of the reservoir container (18A) during
the second pressure state.

On the other hand, in the twenty-first solution provided
by the present invention, the nineteenth solution is modified
such that, firstly, the pressure generating means is consti-
tuted by a compressor (Dl) as shown in Figure 11. .And
switching of connection states of the first tank means (T1)
and the second tank means (T2) to the compressor (Dl1) is per-
formed'by making selector means (I) switch the pressure pipes
(19d, 19e) to an outlet side and an inlet side of the com-
pressor (D1).

In addition, the pressure regulating means (18) connects
the outlet side of the compressor (Dl1l) to the first tank

meahs (T1l) and the inlet side of the compressor (Dl) to the
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second tank means (T2) during the first pressure state and
connects the outlet side of the compressor (D1l) to the second
tank means (T2) and the inlet side of the dompressor (D1) to
the first tank means (T1l) during the second pressure state.

Moreover, in the twenty-second solution provided by the
present invention, the nineteenth solution is modified such
that, firstly, the pressure generating means are constituted
by a first heat exchanger (El1l) which is connected to the
first tank means (Tl) and in which a refrigerant is reserv-
able, and a second heat exchanger (E2) which is connected to
the second tank means (T2) and in which a refrigerant is re-
servable, as shown in Figure 12.

And, the pressure regulating means (18) applies heat to
the refrigerant in the first heat exchanger (El) so as to
raise an internal pressure of the heat exchanger (El1) and ex-
tracts heat from the refrigerant in the second heat exchanger
(E2) so as to lower the internal pressure of the heat ex-
changer (E2) during the first pressure state. And the pres-
sure regulating means (18) applies heat té the refrigerant in

the second heat exchanger (E2) so as to raise an internal

~ pressure of the heat exchanger (E2) and extracts heat from

the refrigerant in the first heat exchanger (E1l) so as to
lower the internal pressure of the heat exchanger (El1) during
the second pressure state.

Furthermore, in the twenty-third solution provided by
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the present invention, the twenty-second solution is modified
such that, firstly, the pressure regulating means (18) in-
cludes a refrigerant circuit (D) including: a compressor
(D1); a first heat exchanger (D3); a pressure reducing mecha-
nism (D4); a second heat exchanger (D5); and selector means
(I) for alternately switching cbnnection states of the first
heat exchanger (D3) and the second heat exchanger (D5) to an
outlet side of the compressor (Dl) as shown in Figure 12.

And, the first heat exchanger (D3) exchanges heat with
the first héat exchanger (El1) connected to the first tank
means (T1l), the second heat exchanger (D5) exchanges heat
with the second heat ekchanger (E2) connected to the second
tank means (T2), and the heat exchangers (El1, E2) are
switched between the first pressure state and the second
pressure state in accordance with é switching operation of
the selector means (I).

Furthermore, in the twenty-fourth solution provided by
the present invention, the nineteenth solution is modified
such that, firstly, the pressure generating means is consti-
tuted by a pressurizing heat exchanger (E2) to be heated by a
heating heat exchanger (D3) and a pressure reducing heat ex-
changer (El) to be cooled by a cooling heat exchanger (D5),
as shown in Figure 16.

And, thé pressure regulating'means (18) connects the

pressurizing heat exchanger (E2) to the first tank means (T1)
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and the pressure reducing heat exchanger (El) to the second
tank means (T2) during the first pressure state, and connects
the pressurizing heat exchanger (E2) to the second tank means
(T2) and the pressure.reducing heat exchanger (El) to the
first tank means (T1) during the second pressure state.

Furthermore, in the twenty-fifth solution provided by
the present invention, the twenty-fourth solution is modified
such that the pressure regulating means (18) includes a re-
frigerant circuit (D) formed by connecting a compressor (Dl),
a heating heat exchanger (D3), a pressure reducing mechanism
(D4) and a cooling heat exchanger (D5) in this order through
a refrigerant pipe as shown in Figure 16.

Thus, in accordance with the twentieth to the twenty-
fifth solutions, specific arrangements can be obtained for
the pressure generating means that can attain the effects of
the nineteenth solution described above. As a result, the
practicality can be further improved.

In the twenty-sixth solution provided by the present in-
vention, the first solution is modified such the pressure
regulating means (18) includes: pressurizing means (50) for
performing a pressurizing operation of pushing the liquid re-
frigerant in the tank means (Ti to the liquid pipe (7) by
raising the internal pressure of the tank means (T); and
pressure reducing means (60) for performing a pressure reduc-

ing operation of recovering the liquid refrigerant from the
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liquid pipe (7) to the tank means (T) by lowering the inter-
nal pressure of the tank means (T), as shown in Figure 22.

And, the pressure reducing means (60) includes a circu-
lating condenser (61), which is connected to the tank means
(T) and which lowers the internal pressure of the tank means
(T) by condensing the refrigerant. A condensing pressure of
the circulating condenser (61) is set lower than a condensing
pressure of the heat exchange means to be the condenser.

In the twenty-sixth solution, owing to the condensation
of the refrigérant in the circulating condenser (61), a low
pressure is built up inside the tank means (T). Aand, since
this pressure is lower than the condensing pressure of the
heat exchange means to be a condenser, the liquid refrigerant
in the condenser is sucked into the tank means (T).

In accordance with the twenty-sixth solution, 5y con-
densing the refrigerant in the circulatiné condenser (61) of
the pressure reducing means (60) connected to the tank means
(T), a low pressure for recovering the liquid refrigerant
from the condenser to the tank means (T) can be generated.
Thus, in such a case, respective units can be disposed
without receiving such restriction as disposing the tank
means (T) at a position lower than that of the condenser.

In addition, the internal pressure of the tank means (T)
can be changed only by switching the communication/non-

communication states between the pressure reducing means (60)
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and the tank means (T). Thus, if a solenoid valve or the
like.is employed for a closed circuit formed by the pressure
reducing means.(soj and the tank means (T), the refrigerant
circulation operation can be performed only by opening/closing
the valve. As a result, high reliability is realized and the
number of parts having such factors as to cause some failure
can be reduced.

In the twenty-seventh solution provided by the present
invention, the first solution is mpdified such that, firstly,
the pressure regulating means (18) includes: pressurizing
means (50) for performing a pressurizing operation of pushing
thé liquid refrigeraﬁt in the tank means (T) to the liquid
pipe (7) by raising the internal pressure of the tank means
(T); and pressure reducing means (60) for performing a pres-
sure reducing operation of recovering the liquid fefrigerant
from the liquid pipe (7) to the tank means (T) by lowering
the internal pressure of the tank means (T), as shown in Fig-
ure 23.

And, the pressurizing means (50) includes a circulating
evaporator (51), which is connected to the tank means (T) and
which raises the infernal pressure of the tank means (T) by
evaporating the refrigerant. _An.evaporating pressure of the
circulating evaporator (51) is set higher than an evaporating

pressure of the heat exchange means to be the evaporator.

In the twehty—seventh solution, owing to the evaporation
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of the refrigerant in the circulating evaporator (51), a high
pressure is built up inside the tank means (T). And, since
this pressure is higher than the evaporating pressure of the
heat exchange means to be an evaporator, the liquid refriger-
ant is supplied from the tank means (T) to the evaporator.

In accordance with +the twenty-seventh solution, by
evaporating the refrigerant in the circulating evaporator
(51) of the pressurizing means (50) connected to the tank
means (T), a high pressure for supplying the liquid refriger-
ant from the tank ﬁeans (T) to the evaporator can be gener-
ated. Thus, in such a case, restriction on the installation
positions of the tank means (T) and the evaporator can be
eliminated.

In addition, according to this invention, the internal
pressure of the tank means (T) can also be changed only by
switching the communication/non-communication states between
the pressurizing means (50) and the tank means (T). As a re-
sult, high reliability is realized and the number of parts
having such factors as to cause some failure can be reduced.

In the twenty-eighth solution provided by the present
invention, the twenty-seventh solution is modified sudh that,
firstly, auxiliary tank means (ST) is provided above the cir-
culating evaporator (51) as shown in Figure 26. And selector
means (I) is also provided for recovering the liquid refrig-

erant in the liquid pipe (7) to the auxiliary tank means (ST)
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by making the auxiliary tank means (ST) communicate with the
pressure reducing means (60) and the liquid pipe (7) during
the pressure reducing operation of the pressure reducing
means (60) and for dripping and supplying the liquid refrig-
erant in the auxiliary tank means (ST) to the circulating
evaporator (51) by making the auxiliary tank.means (ST) com-
municate with the pressurizing means (50) during the pressur-
izing operation of the pressurizing means (50).

In the twenty-eighth solution, if the auxiliary tank
means (ST) of a relatively small size is disposed above the
circulating evaporator (51), the liquid refrigerant can be
supplied to the circulating evaporator (51). Thus, it is
possible to eliminate a situation where the circulation of a
refrigerant is disabled by the exhaustion of the liquid re-
frigerant in the circulating evaporator (51).

In accordance with the twenty-eighth solution, the aux-
iliary tank means (ST) is provided above the circulating
evaporator (51) and the liquid refrigerant to be supplied to
the circulating evaporator (51) is temporarily reserved in
the auxiliary tank means (ST). Thus, a sufficient amount of
liquid refrigerant can be supplied to the circulating evapo-
rator (51) without receiving any restriction on the installa-
tion positions of the tank means (T) and the circulating
evaporator (51) in the vertical direction.

In the twenty-ninth solution provided by the present in-
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vention, the twenty-seventh solution is modified such that,
firstly, at least one first auxiliary tank means (STl1l) and at
least one second auxiliary tank means (ST2) are provided abo-
ve the circulating evaporator (51) as shown in Figure 27.
And, a selector means (I) is also provided for selecting a
first selection state in which the liquid refrigerant in the
liquid pipe (7) is recovered to the first auxiliary tank
means (ST1l) by making the first auxiliary tank means (ST1)
communicate with the pressure reducing means (60) and the
liguid pipe (7) and in which the liquid refrigerant in the
second auxiliary tank means (ST2) is dripped and supplied to
the circulaﬁing evaporator (51) by making the second auxili-
ary tank means (ST2) communicate with the pressurizing means
(50) or a second selection state in which the liquid refrig-
erant in the liquid pipe (7) is recovered to the second aux-
iliary tank means (S8T2) by making the second auxiliary tank
means (ST2) communicate with the pressure reducing means (60)

and the liquid pipe (7) and in which the liquid refrigerant

~in the first auxiliary tank means (STl1l) is dripped and sup-

plied to the circulating evaporator (51) by making the first
auxiliary tank means (ST1) communicate with the pressurizing
means (50).

In the-twenty—ninth'solution, a state where the liquid
refrigerant is recovered into one auxiliary tank means and a

state where the liquid refrigerant is supplied from the other
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tank means to the circulating evaporator (51) simultaneously
established. Thus, the number of times by which the opera-
tions of recovering/supplying the liquid refrigerant are re-
peatedly performed on the respective auxiliary tank means
(ST1, ST2) can be reduced.

In accordance with the twenty-ninth solution, a plural-
ity of auxiliary tank means (STl1l, 8T2) are provided and the
liguid refrigerént is recovered into one of the auxiliary
tank means and is supplied from the other auxiliary tank
means to the circulating evaporator. Thus, it is no longer
necessary to switch the operations of the auxiliary tank
means (ST1, 8T2) in synchronism with the pressuriz-
ing/pressure reducing operations with respect to the tank
means (T). Accordingly, the number of times by which the op-
erations of recovering/supplying the liquid refrigerant are
repeatedly performed on the respective auxiliary tank means
(ST1l, ST2) can be reduced, and the lifetimes thereof can be
lengthened.

In the thirtieth solution provided by the present inven-
tion, the sixteenth solution is modified such that, firstly,
the pressure reéulating' means (1#) includes: pressurizing
means (50) for performing a pressurizing operation of pushing
the liguid refrigerant in one of the first tank means (T1)
and the second tank means (T2) to the liquid pipe (7) by

raising the internal pressure of the one tank means (Tl or
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T2); and pressure reducing means (60) for performing a pres-
sure reducing operation of recovering the liquid refrigerant

from the liquid pipe (7) to the other tank means (T2 or T1)

by lowering the internal pressure of the other tank means (T2

or Tl) as shown in Figure 24.

And, the pressure reducing means (60) includes a circu-

lating corndenser (61), which is connected to the respective.

tank means (T1, T2) and which lowers the internal pressure of
each said_tank means (T1, TZ) by condensing the refrigerant.
A condensing pressure of the circulating condenser (61) is
set lower than a condensing pressure of the heat exchange
means to be the condenser.

Furthermore, the pressure regulating means (18) makes
the pressurizing means (50) pressurize the first tank means
(Tl) and makes the pressure reducing means (60) reduce a
pressure of the second tank means (T2) during a first pres-
sure state. And the pressure regulating means (18) makes the
pressurizing means (50) pressurize the second tank means (T2)
and makes the pressure reducing means (60) reduce a pressure
of the first tank means (T1l) during a second pressure state.

In the thirtieth solution, the respective tank means
(T1l, T2) are not disposed at positions lower than that of the
condenser and the liquid refrigerant is recovered from the
condenser to the tank means (T1, T2) in a refrigerant circuit

that can continuously perform the heat absorption or radiation
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running of the heat e#qhange means (3) on the application
side.

Thus, in accordance the thirtieth solution, the liquid
refrigerant can be recovered from the condenser to the tank
means (T1, T2) and circulated, without receiving such re-
striction that the respective tank means (T1, T2) are dis-
posed at positions lower than that of the condenser, in a re-
frigerant circuit that can continuously perform the heat
absorption or radiation running of the heat exchange means (3)
on the application side.

In the thirty-first solution provided by the present in-
vention, the sixteenth solution is modified such that,
firstly, the pressure regulating means (18) includes: pres-
surizing means (50) for performing a pressurizing operation
of pushing the liquid refrigerant in one of the first tank
means (T1l) and the second tank means (T2) to the liquid pipe
(7) by raising the internal pressure of the one tank means
(Tl or T2); and pressure reducing means (60) for performing a
pressure reducing operation of recovering the liquid refrig-
erant from the liquid pipe (7) to the other tank means (T2 or
T1l) by lowering the internal pressure of the other tank means
(T2 or Tl1l), as shown in Figure 25.

And, the pressurizing means (50) includes a circulating
evaporator (51), which is connected to the respective tank

means (Tl1l, T2) and which raises the internal pressure of each
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said tank means (T1, T2) by evaporating the refrigerant. An
evaporating pressure of the circulating evaporator (51) is
set higher than an evaporating pressure of the heat exchange
means to be the evaporator.

Furthermore, the pressure regulating means (18) makes
the pressurizing means (50) pressurize the first tank means
(T1) and makes the pressure reducing means (60) reduce a
pressure of the second tank means (T2) during a first pres-
sure state. And the pressure reéulating_means (18) makes the
pressurizing means (50) pressurize the second tank means (T2)
and makes the pressure reducing means (60) reduce a pressure
of the first tank means (Tl1l) during a second pressure state.

In the thirty-first solution, the liquid refrigerant is
supplied from the tank means (T1, T2) to the evaporator
without receiving any restriction on the installation posi-
tions of the respective tank means (T1, T2) with respect to
the evaporator in a refrigerant circuit that can continuously

perform the heat absorption or radiation running of the heat

‘exchange means (3) on the application side.

Thus, in accordance the thirty-first solution, the lig-
uid refrigerant can be supplied from the tank means (T1, T2)
to the evaporator, without receiving any restriction on the
installation positions of thé respective tank means (T1l, T2)
with respect to the evapbrator, in a refrigerant circuit that

can continuously perform the heat absorption or radiation run-
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ning of the heat exchange means (3) on the application side.

In the thirty-second solution provided by the present
invention, the thirty-firsf solution is modified such that,
firstly, at least one first auxiliary tank means (ST1) and at
least one second auxiliary tank means (ST2) are provided abo-
ve the circulating evaporator (51) as shown in Figures 30,
33, 36, etc.

And selector means (I) is also provided for selecting a
first selection state in which the liquid refrigerant in the
liquid pipe (7)' is recovered to the first auxiliary tank
means (ST1) by making the first auxiliary tank means (ST1)
communicate with the pressure reducing means (60) and the
liquid pipe (7) and in which the liquid.refrigerant in the
second auxiliary tank means (ST2) is dripped and supplied to
the circulating evaporator (51) by making the second auxili-
ary tank means (ST2) communicate with the pressurizing means
(50) or a second selection state in which the liquid refrig-
erant in the liquid pipe (7) is recovered to the second aux-
iliary tank means (ST2) by making the second auxiliary tank
means (ST2) communicate with the pressure reducing means (60)
and the liquid pipe (7) and in which the liquid refrigerant
in the first auxiliary tank means (8Tl1l) is dripped and sup-
plied to the circulating gvaporator (51) by making the first
auxiliary tank means (ST1l) communicate with the pressurizing

means (50).
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Thus, in accordance with the thirty-second solution, by
providing a plurality of auxiliary tank means (ST1, ST2), the
same effects as those attained by the twenty-ninth solution
can be attained. Accordingly, in a refrigerant circuit that
can continuously perform the heat absorption or radiation run-
ning of thé heat exchange means (3) on the application side,
the number of times by which the operations of recover-
ing/supplying the liquid refrigerant are repeatedly performed
on the respective auxiliary tank means (ST1l, ST2) can be re-
duced, and the lifetimes thereof can be lengthened.

In the thirty-third solution provided by the present in-
vention, the twenty-sixth or thirtieth solution is modified
such that, firstly, the heat source means (A) includes first
heat exchange means (12) for exchanging heat with the heat
exchange means (1) on the heat source side and second heat
exchange means'(72) for exchanging heat with the circulating
condenser (61) as shown in Figure 22.

And, during the heat absorption running of the heat ex-
change means (3) on the application side, an evaporating tem-
perature of the first heat exchange means (12) and an evapo-
rating temperature of the second heat exchange means (72) are
equal to each other but a ratio of a capacity of the circu-
lating condenser (61) to a flow rate of the refrigerant flow-
ing through the second heat exchange means (72) is set larger

than a ratio of a capacity of the heat exchange means (1) on
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the heat source side to a flow rate of the refrigerant flow-
ing through the first heat exchange means (12).

In accordance with the thirty-third solution, a specific
arrangement fbr setting the condensing pressure of the circu-
lating condenser (61) to be lower than the condensing pres-
sure of the heat exchange means (1) on the heat source side
to be the condenser can be obtained.

In the thirty-fourth solution provided by the present
invention, the twenty-seventh or twenty-first solution is
modified such that, firstly, the heat source means (A) in-
cludes first heat exchange means (12) for exchanging heat
with the heat exchange means (1) on the heat source side and
second heat exchange means (71) for exchanging heat with the
circulating evaporator (51) as shown in Figure 23.

And, during the heat radiation running of the heat ex-
change means (3) on the application side, a condensing tem-
perature of the first heat exchange means (12) and a con-
densing temperature of the second heat exchange means (71)
are equal to each other but a ratio of a capacity of the cir-
culating evaporator (51) to a flow rate of the refrigerant
flowing through the sécond heat exchange means (71) is set
larger than a ratio of a capacity of the heat exchange means
(1) on the heat source side to a flow rate of the refrigerant
flowing thréugh the first heat exchange means (12).

In accordance with the thirty-fourth solution, a speci-
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fic arrangement for setting the evaporating pressure of the
circulating evaporator (51) to be higher than the evaporating
pressure of the heat exchange means (1) on the heat source
side to be the evaporator can be obtained.

Thus, in accordance with the thirty-third solution, a
specific arrangement for setting the condensing pressure of
the circulating condenser (61) to be lower than the con-
densing pressure of the heat exchange means on the heat
source side to be the condenser can be obtained. On the oth-
er hand, in accordance with the thirty-fourth solution, a
specific arrangement for setting the evaporating pressure of
the circulating evaporator (51) to be higher than the evapo-
rating pressure of the heat exchange means on the heat source
side to be the evaporator can be obtained. As a result, a
predetermined pressure can be applied onto the tank means (T)
with certainty and the reliability of the system can be im-
proved.

In the thirty-fifth solution pfovided by the present in-
vention, the twenty-sixth or the thirtieth solution is modi-
fied such that, firstly, the pressure reducing means (60) in-
cludes: a gas recovering pipe (62) for connecting an upper
end of the tank means (T) to a gas side of the circulating
condenser (61); and a liquid supplying pipe (63) for connect-
ing a lower end of the tank means (T) to a liquid side of the

circulating condenser (1) as shown in Figure 23. And the
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liquid supplying pipe (63) is connected to the lower end of
the tank means (T) independent of the liquid pipe (7).

In accordance with the thirty-fifth solution, the liquid
supplying pipe (63) of the pressure reducing means (60) is
connected to the lower end bf the tank_means (T) independent

of the liquid pipe (7) and heat exchangers to be the circu-

- lating condenser (61) and the condenser are respectively con-

nected to the tank means (T). Thus, the pipes (63, 7) can be
provided with check valves having diameters respectively cor-
responding to the pipe diameters thereof. 1In particular, a
check valve allowing for the reduction in pressure loss is ap-
plicable to the liquid supplying pipe (63). As a result, the
refrigerant can be circulated smoothly in the pressure reduc-
ing means (60).

In the thirty-sixth solution providéd by the present in-
vention, the first or the sixteenth solution is modified such
that, firstly, the pressure regulating means (18) includes:
pressurizing means (50) for performing a pressurizing opera-
tion of pushing the liquid refrigerant in the tank means (T)
to the liquid pipe (7) by raising the internal pressure of
the tank means (T); and pressure reducing means (60) for per-
forming a pressure reducing operation of recovering the liqg-
uid refrigerant from the liquid pipe (7) to the tank means
(T) by lowering the internal pressure of the tank means (T)

as shown in Figures 30 and 33.
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And, the pressure reducing means (60) includes a circu-
lating condenser (61), which is connected to the tank means
(T) and which lowers the internal pressure of the tank means
(T) by condensing the refrigerant. The pressurizing means
(50) includés a circulating evaporator (51), which is con-
nected to the tank means (T) and which raises the internal
pressure of the tank means (T) by evaporating the refriger-
ant.

Furthermoré, the heat source means (A) includes: first
heat exchange means (12) for exchanging heat with the com-
pressor (11) and the heat exchange means (1) -on the heat
source side; second heat exchange means (72) for exchanging
heat with the circulating condenser (61); and third heat ex-
change means (71) fqr exchanging heat with the circulating
evaporator (51). During the heat radiation running of the
heat exchange means (3) on the application side, the heat
source means (A) makeé the third heat exchange means (71) ex-
change heat of the gaseous refrigerant discharged from the
compressor (11) with the circulating evaporator (51) so as to
change sensible heat of the refrigerant, makes the first heat
exchange means (12) exchange the heat with the heat exchange
means (1) on the heat source side so as to condense the re-
frigerant, and then makes the second heat exchange means (72)
exchange the heat with the circulating condenser (61) so as

to evaporate the refrigerant.
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On the other hand, in the thiréy-seventh solution
provided by the present invention, the first or the sixteenth
solution is modified such that, firstly, the pressure regu-~
lating means (18) includes: pressurizing means (50) for per-
forming a pressurizing operation of pushing the liquid re-
frigerant in the tank means (T) to the liquid pipe (7) by
réising the internal pressure of the tank means (T); and
pressure reducing means (60) for performing a pressure reduc-
ing operation of recovering the liquid refrigerant from the
liguid pipe (7) to the tank means (T) by lowering the inter-
nal pressure of the tank means (T) as shown in Figure 36.

And, the pressure reducing means (60) includes a circu-
lating condenser (61), which is connected to the tank means
(T) and which lowers the internal pressure of the tank means

(T) by condensing the refrigerant. The pressurizing means

(50) includes a circulating evaporator (51), which is con-

nected to the ténk means (T) and which raises the internal
pressure of the tank means (T) 5y evaporating the refriger-
ant.

Furthermore, the heat source means (A) includes: first
heat exchange means (12) for exchanging heat with the com-
pressor (11) and the heat exchange means (1) on the heat
source side; second heat exchange means (72) for exchanging
heat with the circulating condenser (61); and third heat ex-

change means (71) for exchanging heat with the circulating
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evaporator (51). During the heat radiation running of the
heat exchange means (3) on the application side, the heat
source means (A) distributes the gaseous refrigerant dis-
charged from the compressor (11) to the third heat exchange
means (71) and the first heat exchange means (12), makes the
third heat exchangé means (71) exchange heat with the circu-
lating evaporator (51) so as to condense the refrigerant,
makes the first heat exchange means (12) exchange heat with
the heat exchange means (1) on the heat source side so as to
condense the refrigerant, and then makes the second heat ex-
change means _(72) ex_change h_eat__ of t_:he condense_d ref;igerant
with the circulating condenser (61) so as to evaporate the
refrigerant.

Thus, in accordance with the thirty-sixth and the
thirty-seventh solutions, a refrigerant cifcuit applicable as
heat source means (A) to a circuit for circulating a refrig-
erant by making the pressurizing means (50) and the pressure
reducing means (60) pressurize/reduce the pressure of the
tank means (T) can be obtained and the overall afrangement of

the system can be specified.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram showing an overall arrangement of
refrigerant circuitry in the first embodiment.

Figure 2 is a diagram showing a pressurizing/pressure
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reducing mechanism.

Figure 3 is a diagram showing a first variant of the
pressurizing/pressure reducing mechanism.

Figure 4 is a diagram showing a second variant of the
pressurizing/pressure reducing mechanism.

Figure 5 is a diagram showing a third variant of the
pressurizing/pressure reducing mechanism.

Figure 6 is a diagram showing a fourth variant of the
pressurizing/pressure reducing mechanism.

Figure 7 is a diagram, corresponding to Figure 1, in the
second embodiment.

Figure 8 is a diagram showing a variant of refrigerant
flow control means.

Figure 9 is a diagram, corresponding to Figure 1, in the
third embodiment.

Figure 10 is a diagram, corresponding to Figure 2, in

the fourth embodiment.

Figure 11 is a diagram corresponding to Figure 3 and
showing a variant of the fourth embodiment. |

Figure 12 is a diagram showing a secondary refrigerant
circuit in the fifth embodiment.

Figure 13 is a diagram showing a secondary refrigerant
circuit in the sixth embodiment.

Figure 14 is a diagram showing a secondary refrigerant

circuit in the seventh embodiment.
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Figure 15 is a diagram, corresponding to Figure 1, in
the eighth embodiment.

Figure 16 is a diagram, corresponding to Figure 1, in
the ninth embodiment.

Figure 17 is a diagram _showing a cooling running opera-
tion in the ninth embodiment.

Figure 18 is a diagram showing a heating running opera-
tion in the ninth embodiment.

Figure 19 is a diagram, corresponding to Figure 1, in
the tenth embodiment.

Figure 20 is a diagram showiﬁg a cooling running opera-
tion in the tenth embodiment.

Figure 21 is a diagram showing a heating running state
in the tenth embodiment.

Figure 22 is a diagram, corresponding to Figlire 1, in
the eleventh embodiment.

Figure 23 is a diagram, corresponding to Figure 1, in
the twelfth embodiment.

Figure 24 is a diagram showing a secondary refrigerant
circuit in the thirteenth embodiment.

Figure 25 is a diagram showing a secondary refrigerant
circuit in the fourteenth embodiment.

Figure 26 is a diagram showing a secondary refrigerant
circuit in the fifteenth embodiment. .

Figure 27 is a diagram showing a secondary refrigerant
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circuit in the sixteenth embodiment.

Figure 28 is a diagram, corresponding to Figure 1, in
the seventeenth embodiment.

Figure 29 is a diagram showing a secondary refrigerant
circuit. in the eighteenth embodiment.

Figure 30 is a diagram, corresponding to Figure 1, in
the nineteenth embodiment.

Figure 31 is a diagram showing a cooling running opera-
tion in the nineteenth embodiment.

Figure 32 is a diagram shpwing a heating running state
in the nineteenth émbodiment.

Figure 33 is a diagram, corresponding to Figure 1, in
the twentieth embodiment.

Figure 34 is a diagram showing a cooling running opera-
tion in the twentieth embodiment.

Figure 35 is a diagram showing a heating running state
in the twentieth embodiment.

Figure 36 is a diagram, corresponding to Figure 1, in
the twenty-first embodiment.

Figure 37 is a diagram showing a cooling running opera-
tion in the twenty-first embodiment.

Figure 38 is a diagram showing a heating running state

in the twenty-first embodiment.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, embodiments of the present invention will

be described with reference to the drawings. 1In each of the

embodiments, two-system refrigerant circuitry including a
primary refrigerant circuit and a secondary refrigerant cir-
cuit is provided. And, in each of the emﬁodiments, the pre-
sent invention is applied to refrigerant circuitry for an air.
conditioning system for conditioning the indoor air by ex-—
chénging heat between the primary refrigerant circuit and the

secondary refrigerant circuit.

(First Embodiment)

First, the first embodiment will be described with réf—
erence to Figure 1.

In this embodiment, an air-conditioning system exclu-
sively used for cooling is constrﬁcted and a primary refrig-
erant circuit (A) constitutes heat source means (A). And,
Figure 1 shows refrigerant circuitry as an entire heat trans-
port system according to this embodiment.

First, a secondary refrigerant‘circuit (B) for cooling
the indoor air by exchanging heat with the indoor air will be
described.

The secondary refrigerant circuit -(B) is constructed
éuch that indoor heat exchangers (3, 3) disposed in a room to

be air-conditioned as heat exchange means on the application
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side and a heat exchanger (1) on the secondary heat source
side functioning as heat exchange means on the heat source
side for applying/extracting heat with the primary refrigef—
ant circuit (A) are connected through a gas pipe (6) and a
liquid pipe (7), and is formed as a closed circuit in which a
refrigerant can circulate. The indoor heat exchangers (3, 3)
are connected in parallel to each other and indoor electrical-
ly motorized expansion valves (EV1, EV1) are provided for the
liquid pipe (7) so as to correspond to fhe respective indoor
heat exchangers (3, 3).

This embodiment is characterized in that a tank (T), in
which a liquid refrigerant is reserved, is connected to the
liquid pipe (7). A lower end of the tank (T) is connected to
the liquid pipe (7) through a connecting pipe (17).

A first check valve (CVl) allowing only the liquid re-
frigerant to flow from the. heat exchanger (1) on the secondary
heat source sidé to the tank (T) is provided between the con-
necting point of the connecting pipe (17) to the liquid pipe
(7) and the heat exchanger (1) on the secondary heat source
side. 1In addition, a second check valve (CV2) allowing only
the liquid refrigerant to flow from the tank (T) to the indoor
heat exchangers (3, 3) is provided between the connecting
point of the connecting pipe (17) to the liquid pipe (7) and
the indoor heat exchangers (3, 3). Refrigerant control means

(H) is constituted by these check valves (CV1l, CvV2).
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A pressurizing/pressure-reducing mechanism (18) function-
ing as pressure regulating means is connected to an upper end
of the tank (T) through a pressui'izing/pressure—reducing pipe
(19), which is a pressure pipe. The pressurizing/pressure-
reducing mechanism (18) is constituted, for example, by a re-
servoir container (18a) functioning as pressure generating
means for reserving the liquid refrigerant therein and a heat
exchange unit (18b) functioning as heat exchange means for
heating or cooling the reservoir container (18a) as shown in
Figure 2. More specifically, if the reservoir container ( 1§a)
is heated by the heat exchange unit (18b), then the inner
pressure is raised by the refrigerant evaporating in the re-
servoir container (18a). On the other hand, if the reservoir
container (18a) is cooled by the heat exchange unit (18b),
then the inner pressure is lowered by the refrigerant con-
densing in the reservoir container (18a).

Next, the primary 'refrigerant circuit (A) for exchanging
heat with the secondary refrigerant circuit (B) will be de-
scribed.

The primary refrigerant circuit (A) is constituted by
connecting a compressor (11), an outdoor heat exchanger (14),
:;m outdoor electrically motorized expansion valve (EV2) and a
heat exchanger (12) on the primary heat source side in this
order through a refrigerant pipe (16). The outlet side of

compressor (l1ll) 1is connected to the outdoor heat exchanger

52



10

15

20

(14) and the inlet side thereof is connected to the heat ex-
changer (12) on the primary heat source side.

Mbreover, the opening/closing states of the respective
electrically motorized expansion valves (EV1, EV2) are con-
trolled by a controller (C). 1In Figure 1, (F) denotes an in-
door fan.

Next, the room cooling running of the refrigerant cir-
cuits (A, B) having the above-described arrangements will be
described.

When the cooling running is started, the compressor (11)
is driven in the primary refrigerant circuit (A). As indi-
cated by the solid-line arrows in Fiqure 1, a high-
temperature, high-pressure gaseous refrigerant discharged
from the compressor'(ll) exchanges heat with the outdoor air
and is condensed in the dutd§or heat exchanger (14). Then,
the pressure of the refrigerant is reduced in the outdoor
electrically motorized expansion valve (EV2). In the heat
exchanger (12) on the primary heat source side, the refriger-
ant exchangeé heat with the heat exchanger (1) on the secon-
dary heat source side, extracts heat from the refrigerant in
the heat exchanger (1) on the secondary heat source side and
is evaporated to be sucked into the compressor (11). This
circulation operation is repeated.

Oon the other hand, in the secondary refrigerant circuit

(B), the reservoir container (18a) of the pressuriz-
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ing/pressure-reducing mechanism (18) is heated. by the heat
exchange unit (18b). As a result, the refrigerant is evapo-
rated in the reservoir container (18a) and the internal pres-
sure thereof rises. As indicated by the broken-line arrows
in Figure 1, the pressure is applied into the tank (T)
through the pressurizing/pressure-reducing pipe (19) and push-
es out the liquid refrigerant in the tank (T) to the liquid
pipe (7) through the connecting piée (17) while pushing down
the water level of the liquid refrigerant. The pushed-out
liquid refrigerant flows through the liquid pipé (7) toward
the indoor heat exchangers (3, 3). The pressure of the iiquid
refrigerant is reduced in the indoor electrically motorized
expansion valves (EV1l, EV1l). Then, in the respective indoor
heat exchangers (3, 3), the liquid refrigerant exchanges heat
with the indoor air and is evaporated, thereby cooling the in-
door air. The gaseous refrigerant flows through the gas pipe
(6) to the heat exchanger (1) on the secondary heat source
side, and then exchanges heat with the heat exchanger (12) on
the primary heat source side so as to be condensed.

If the réservoir container (18a) of the pressuriz-
ing/pressure-reducing mechanism (18) is cooled by the heat
exchange unit (18b) after such an operation has been per-
formed, the refrigerant is condensed in the reservoir con-
tainer (18a) and the internal pressure thereof falls. As in-

dicated by the one-dot-chain arrows in Figure 1, the pressure
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is applied to the inside of the tank (T) through the pressur-
izing/pressure-reducing pipe (19), and the internal pressure
of the tank (T) falls. As a result, the liquid refrigerant
condensed in the heat . exchanger (1) on the secondary heat
source side is recovered into the tank (T) through the liquid
pipe (7). |

The pressurizing/pressure-reducing mechanism (18) re-
peatedly pressurizes/reduces the_pressure of the tank (T) in
the above-described manner. As a result, the liquid refrig-
erant is pushed out from the tank (T) during pressurizing,
while the liquid refrigerant is recovered into the tank (T)
during pressure reducing. <Consequently, the refrigerant is
circulated in the secondary refrigerant circuit (B), thereby
cooling the indoor air.

Accordingly, the heat transport system of this embodi-
ment can transport heat in the secondary refrigerant circuit
(B) without providing any mechanical driving source such as a
pump for the secondary refrigerant circuit (B). As a result,
the power consumption can be reduced, the number of parts
having such factors as to cause some failure can also be re-.
duced, and reliability can be ensured for the entire.system.

In addition, since the liquid refrigerant in the heat
exchanger (1) on the secondary heat source side is recovered
by utilizing the suction force generated in the tank (T), it

is no longer necessary to dispose the tank (T) at a position
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lower than that of the heat exchanger (1) on the secondary
heat source side. As a result, the restrictions on the posi-
tions where units are disposed can be alleviated, and the
universality thereof can be improved.

Moreover, the refrigerant can be circulated stably in
the secondary refrigerant circuit (B) by utilizing the pres-
sure of the refrigerant. Thus, even when the secondary re-
frigerant circuit (B) is formed in a large size, the refrig-
erant can be circulated satisfactorily. As a result, the

system can be enlarged and high reliability can be attained.

(Variants of Ptessurizing/pressure—reducing Mechanism)

Next, wvariants of the pressurizing/pressure-reducing
mechanism (18) applicable to the above-described secondary
refrigerant circuit (B) will be described.

Figure 3 shows a first variant. The pressuriz-
ing/pressure-reducing mechanism (18) includes a preésuriz-
ing/pressure-reducing compressor (18c). More specifically,
the pressurizing/pressure-reducing pipe (19) is branched into
two (first and second) branch pipes (19a, 19b). The first
branch pipe (19a) is connected to the outlet side of the com-
pressor (18c) and the second branch pipe (19b) is connected to
the inlet side of the compressor (18c). A first and a second
solenoid valve (SVl1l, S§V2) are provided for the branch pipes

(19a, 19b), respectively.
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Selector means (I) is constituted by these branch pipes
(19a, 19b) and the solenoid valves (SVl, SV2). It is noted
that the compressor (11) of the primary refrigerant pipe (A)
may also be used as the pressurizing/pressure-reducing com-
pressor (18c).

In pushing out the liquid refrigerant from the tank (T)
into the liquid pipe (7), the first solenoid wvalve (8V1l) is
opened and the second solenoid valve (SV2) is closed, thereby
applying a high pressure into the tank (T). on the other
hand, in recovering the liquid refrigerant into the tank (T)
through the liquid pipe (7), the second solenoid valve (SV2)
is opened and the first solenoid valve (SVl) is closed,
thereby establishing a low-éressure state in the tank (T).

By repeatedly pressurizing and reducing the pressure of
the tank (T), a state where the liquid refrigerant is pushed
out from the tank (T) and a state where the liquid refriger-
ant is recovered into the tank (T) are alternately estab-
lished in the same way as in the above-described embodiment.
The indoor air is cooled while circulating the refrigerant in
the secondary refrigerant circuit (B).

Figure 4 shows a second variant of the pressuriz-
ing/pressure-reducing mechanism (18). The pressuriz-
ing/pressure-reducing mechanism (18) changes the internal
pressure of the tank (T) by directly heating and éooling the

tank (T).
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Specifically, a similar heat exchange unit (18b) to that
of the above-described embodiment is disposed adjacent to the
tank (T). If the tank (T) is heated by the heat exchange
unit (18b), the internal pressure of the tank is raised by
the refrigerant evaporating in the tank (T). On the other
hand, if the tank (T) is cooled, the internal pressure of the
tank is lowered by the refrigerant condensing therein.

By repeatedly heating and cooling the tank (T), the in-
door air is cooled while circulating the refrigerant in the
secondary refrigerant circuit (B).

Figure 5 shows a third wvariant of the pressuriz-
ing/pressuré—reducing mechanism (18). The pressuriz-
ing/pressure-reducing mechanism (18) includes a pressuriz-
ing/pressure-reducing refrigerant circuit (D) for directly
heating and cooling the tank (T).

The refrigerant circuit (D) is constructed by connecting
a compressor iDI), a four-position selector valve (D2), a
first heat exchanger (D3), an expansion valve (D4) and a sec-
ond heat exchanger (D5)_to each other through a refrigerant
pipe (D6). The gas.side of the first heat exchanger (D3) is
switchably connected to the inlet side and the outlet side of
the compressoxr (Dlj through the four-position selector valve
(D2). The first heat exchanger (D3) is disposed adjacent to
the tank (T) and exchanges heat with the tank (T).

In pushing out the liquid refrigerant from the tank (T)
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| to +he liguid plne (7), the ﬁauh—p031tlon selector valve (D2)

is smLtched to the dlrectlgh ;dindicated by the solid lines.
mh; qaseous refhlgerant dlsehargedefrom rhe compressor (D1)
flowa through the flrst heet exchander (D3) and is condensed

] ;whi;e app ving heat to the refrlgerant in the tank (i).
'The;earteryftﬁe pressure-of-the*refrigerant i° reduced in the
expansion valve;(D4). Then, the lefrlgerant is evapnrated in
the r'econd heat’ exchanger (DS) so as to return to the com- .
pressor (Dl). The refrlgerant~*n the tank (T), whlch has re-

16 ceived heat from the refrlqe;ant ;nitne first heat exchanger

(D3), is evaporatedfep&ﬁe high pressure is built up in the

tank (7). -Owing to the preesureL the liquid refrigerant is

nushed out from the tanh (T) to the liquid pipe (7).
Conversely, in recove;ing the 1liquid refrigerant into -

15 *the tank (T) through the liquid pipe (7), the four-position
selector valve (DZ) is.switched to the difection indicated by
the broken lines.- The gaseous refrigerant diseharged from
the compressor (D1) is'COndeneed_in the second heat exchanger

{D5}. Thereafter, the pressﬁre_of the'refrigerant is reduced

20 in the_eﬁpension'valve (D4). 'Then,.the refrigerant flows

lthrough the first heat exchanger (D3), extracts heat from the

reffigefant in:the tank (T) and is e?aporated to return to
the.compzeesof-fnl) : The refrlgerant in the tank (T), the
asat of whlch has " peen extracted by the refrlgerant in the

25 first heat exchanger (D3), is condensed and a low pressure is
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built up in the tank (T). Owing to the pressure, the liquid
refrigerant is recovered into the tank (T) through the liquid
pipe (7).

By repeatedly heating and cooling the tank (T), the in-
door air is cooled while circulating the refrigerant in the
secondary refrigerant circuit (B).

Figure 6 shows a fourth variant of the pressuriz-
iné/pressure—reducing mechanism (18). The pressuriz-
ing/pressure-reducing mechanism (18) also includes the above-
aescribed pressurizing/pressure—reducing refrigerant circuit
(D). A heat exchanger (19¢) is connected to the pressuriz-
ing/pressure-reducing pipe (19) connected to the tank (T).
Heat is exchanged between the heat exchanger (19¢) and the
first heat exchanger (D3) of the refrigerant circuit (D).

If the selection states of the four-position selector
valve (D2) are alternately switched, then a high-pressure
State and a low-pressure state are alternately switched in
the heat exchanger (19¢). As a result, the pressure of the
heat exchanger (19c) is applied to the tank (T) and push-out

of the liquid refrigerant from the tank (T) and recovery of

‘the liguid refrigerant into the tank (T) are alternately per-

fpfmed.
By repeatedly pressurizing and reducing the pressure of
the tank (T), the indoor air is cooled while circulating the

refrigerant in the secondary refrigerant circuit (B).
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(Second Embodiment)

Next, the second embodiment of the present invention
will be described. It is noted that only the difference from
the foregoing first embodiment will be described hereinafter.

The refrigerant circuitry of this embodiment constitutes
an air conditioning system exclusively used for heéting. The
arrangement of a primary refrigerant circuit and check valves
provided for the'liquid pipe (7) are different from the coun-
terparts of the first embodiment.

As shown in Figure 7, the primary refrigerant circuit
(A) 1is constituted by connecting a compressor (11), a heat
exchanger (12) on the primary heat source side, an outdoor
electrically motorized expansion valve (EV2) and an outdoor
heat exchanger (14) in this order through a refrigerant pipe
(16). The outlet side of compressor (11) is connected to the
heat exchanger (12) on the primary heat source side and the
iniet side thereof is connected to the outdoor heat exchanger
(14).

On the other hand, a third check valve (CVv3) and a
fourth check valve (Cv4) are provided for the secondary re-
frigerant circuit (B). The third check valve (CV3) is provid-
ed between a connecting point of the connecting pipe (17) to
the liquid pipe (7) and the heat exchanger (1) on the secon-
dary heat source side, and allows only the liquid refrigerant

to flow from the tank (T) to the heat exchanger (1) on the
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seéondary heat source side. The fourth check valve (CV4) is
provided between the connecting point of the connecting pipe
(17) to the liquid pipe (7) and the indoor heat exchangers (3,
3), and allows only the liquid refrigerant to flow from the
indoor heat exchangers (3) to the tank (T).

'It is noted that the pressurizing/pressure-reducing
mechanism (18) of this embodiment is the same as that of the
first embodiment described above.

Next, the room heating running of the refrigerant cir-
cuits (A, B) having the above-described arrangements will be
described.

When the heating funning is started, the compressor (11)
is driven in the primary refrigerant éircuit (A). As indi-
cated by the solid-line arrows 1in Figure 7, a high-
temperature, high-pressure gaseous refrigerant discharged
from the compressor (11) exchanges heat with the heat ex-
changer (1) on the secondary heat source side in the heat ex-
changer (12) on the primary heat soufce side. The refrigerant
applies heat to the refrigerant in the heat exchanger (1) on
the secondary heat source side and is condensed. Then, the
pressﬁre of the refrigerant is reduced in the outdoor elec-
trically motorized expansion valve (EV2). In the outdoor
heat exchanger (14), the refrigerant exchanges heat with the
outdoor air and is evaporated to return to the compressor

(11). This circulation operation is repeated.
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On the other hand, in the secondary refrigerant circuit
(B), the reservoir container (18a) of the pressuriz-
ing/pressure-reducing mechanism (18) is heated by the heat
exchange unit (18b). As a result, the refrigerant in the re-
servoir container (18a) is evaporated and the internal pres-
sure thereof rises (see Figure 2). As indicated by the bro-
ken-line arrows in Figure 7, the pressure is applied into the
tank (T) through the'pressurizing/pressure—reducing pipe (19)
and pushes out the liquid refrigerant in tﬁe tank (T) to the
liquid pipe (7) through the connecting pipe (17) while pushing
dbwn the water level of the liquid refrigerant. The pushed-out
liquid réfrigerant flows through the liquid pipe (7) toward
the heat exchanger (1) on the secondary heat source side. In
the heat exchanger (1) on the secondary heat source side, the
liquid refrigerant exchanges heat witﬁ the refrigerant in the
heat exchanger (12) on the primary heat source side and is
evaporated. Thereafter; the refrigerant passes through the
gas pipe (71) and exchanges heat with the indoor air in the
indoor heat exchangers (3, 3). As a result, the refrigerant
is condensed, thereby heating the indoor air.-

If the reservoir container (18a) of the pressuriz-
ing/pressure-reducing mechanism (18) is cooled by the heat
exchange unit (18b) after such an operation has been per-
formed, the refrigerant is condensed in the reservoir con-

tainer (18a) and the internal pressure thereof falls. As in-
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dicated by the one-dot-chain arrows in Figure 7, the pressure
is applied to the tank (T) through the pressurizing/pressure-
reducing pipe (19), and the internal pressure of the tank (7T)
falls. As a result, the liquid refrigerant condensed in the
indoor heat exchangers (3) is recovered into the tank (T)
through the liquid pipe (7).

The pressurizing/pressure-reducing mechanism (18) re-
peatedly pressurizes/reduces the pressure of the ténk (T).
As a result, the refrigerant is circulated in the secondary
refrigerant circuit (B), thereby heating the indoor air. Ac-
cordingly, the heat transport system of this embodiment can
also transport heat in the secondary refrigerant circuit (B)
without providing any driving source such as a pump for the
secondary refrigerant circuit (B).

In addition, the arrangements shown in the above-
described respective variants are also applicable to the
pressurizing/pressure—reducing mechanism (18) of the refrig-
erant circuitry exclusively used for heating in the second
embodiment.

It is noted that an arrangement, in which freely open-
ing/closing solenoid valves (SV1-A, SV-B) such as those shown
in Figure 8 are provided, instead of the check valves (CV1 to
Cv4), for the liquid pipe (7) in the first and the second em-
bodiments and in which the opening/closing states of the re-

spective solenoid valves (SV1-A, SV-B) are switched in accor-
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dance with the states of the pressure applied from the pres-
surizing/pressure-reducing mechanism (18), may also be em-

ployed.

(Third Embodiment)

Next, the third embodiment of the present invention will
be described. It is noted that only the difference from the
foregoing second embodiment will be described hereinafter.

The refrigerant circuitry of this embodiment constitutes
an air conditioning system of a so-called “heat pump type”
which selectively cool or heat the indoor air..

Specifically, as shown in Figure 9, the secondary re-
frigerant circuit (B) is provided. with a third solenoid valve
(8v3) and a fourth solenoid valve (SvV4). The third solenoid
valve (SV3) is provided between the fourth check valve (CVv4)
of the liquid pipe (7) and the indoor heat exchangers (3, 3),
opens during the room heating running and closes during the
cooling running. The fourth solenoid valve (SV4) is provided
between the third check valve (cv3) of the liquid pipe (7) and
the heat exchanger (1) on the secondary heat source side,
opens during the room heating running and closes during the
cooling running.

One end of a cooling liquid pipe (34) on the supply side

is connected bétween the third solenoid valve (8V3) of the

liguid pipe (7) and the indoor heat exchangers (3, 3). And
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the other end of the cooling liquid pipe'(34) on the supply
side is connected between the third check valve (Cv3) and the
fourth solenoid valve (8V4) of the liquid pipe (7). A fifth
solenoid valve (8V5) opening during the cooling running and
closing during the heating running is provided for the cool-
ing liquid pipe (34) on the supply side.

One end of a cooling liguid pipe (35) on the recovery
side is connected between the fourth check valve (Cv4) and
the third solenoid valve (SV3) of the liquid pipe (7). &and
the other end of the cooling liquid pipe (35) on the recovery
side is connected between the fourth solenoid valve (Sv4) of
the liquid pipe (7) and the heat exchanger (1) on the secon-
dary heat source side. A sixth solenoid valve (SV6) opening
during the cooling running and closing during the heating
running is provided for the cooling liquid pipe (35) on the
recovery side.

On the other hand, the primary refrigerant circuit (A)
makes the heat exchanger (12) on the primary heat source side
heat/cooi the heat exchanger (1) on the secondary heat source
side. Specificaliy, a compressor (1l1), a four-position se-
lector valve (22), an outdoor heat exchanger (14), an outdoor
electrically motorized expansion valve (EV2) and the heat ex-
changer (12) on the primary heat source side are connected to
each other through a refrigerant pipe (16). The'gas side of

the heat exchanger (12) on the primary heat source side is
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switched between the inlet side and the outlet side of the
compressor (11) via the four-position selector valve (22).

Next, the room cooling and heating running will be de-
scribed.

In the cooling running, first, the four-position selec-
tor valve (22) of the primary refrigerant circuit (A) is
switched to the direction indicated by the solid lines, the
fifth solenoid valve (8V5) and the sixth solenoid valve (8V6)
are opened and the third solenoid valve (8V3) and the fourth
solenoid valve (8V4) are closed in the secondary refrigerant
circuit (B). In such a state, in the primary refrigerant
circuit (A), as indicated by the solid-line arrows in Figure
9, a high-temperature, high-preésure gaseous refrigerant dis—
charged from the compressor (11) exchanges heat with the out-
door air and is condensed in the outdoor heat exchanger (14)
in the same way'as in the first embodiment. Then, the pres-
sure of the refrigerant is reduced in the outdoor electrical-
ly motorized expansion valve (EV2). In the heat exchanger
(12) on the primary heat source side, the refrigerant ex-
changes heat with the heat exchanger (1) on the secondary
heat source side, extracts heat from the refrigerant in the
heat exchanger (1) on the secondary heat source side and is
evaporated to return to the compressor (11). This circula-
tion operation is repeated.

On the other hand, in the secondary refrigerant circuit
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(B), when a high pressure is applied from the pressuriz-
ing/pressure-reducing mechanism (18) to the tank (T) through
the pressuriziné/pressure—reducing pipe (19) as indicated by
the solid-line arrows in Figure 9, the water level of the
liquid refrigerant in the tank (T) is pushed down and the
liquid refrigerant is pushed out to the 1liquid pipe (7)
through the connecting pipe (17). The pushed-out liguid re-
frigerant flows through the liquid pipe (7) and the cooling
liquid pipe (34) on the supply side toward the indoor heat ex-
changers (3, 3). The pressure of the liquid refrigerant is
reduced in the indoor electrically motorized expansion vaives
(EVl, EV1). Then, in the respective indoor heat exchangers
(3, 3), the liquid refrigerant exchanges heat with the indoor
air and is evaporated, thereby cooling the indoor air. There-
after, the gaseous refrigerant flows through the gas pipe (6)
toward the heat exchanger (1) on the secondary heat source
side, exchanges heat with the heat exchanger (12) on the pri-
mary heat source side, and is condensed.

After this operation'has been performed, a low pressure
is applied from the pressurizing/pressure-reducing mechanism
(18) to the tank (T). When the internal pressure of the tank
(T) falls, the liquid refrigerant in the heat exchanger (1) on
the secondary heat source side is_récovered through the liquid
pipe (7) and the cooling liquid pipe (35)'on the recovery side

to the tank (T) as indicated by the broken-line arrows in Fig-
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ure 9.
By repeatedly pressurizing and reducing the pressure of
the tank (T) by the pressurizing/pressure-reducing mechanism

(18), the refrigerant circulates in the secondary refrigerant

circuit (B), thereby cooling the indoor air.

Next, the room heating running will be described.

In the heating running, first, the four-position selec-
tor valve (22) of the primary refrigerant circuit (A) is
switched to the direction indicated by the broken lines, the
third solenoid valve (SVB) and the fourth solenoid valve (8V4)
are opened and the fifth solenoid valve (S8V5) and the sixth
solenoid valve (8V6) are closed in the secondary refrigerant
circuit (B). In such a state, in the primary refrigerant cir-
cuit (A), as indicated by the one-dot-chain arrows in Figure
9, a high-temperature, high-pressure gaseous refrigerant dis-
charged from the compressor (1ll1l) exchanges heat With the heat
exchanger (1) on f.he secondary heat source side in the heat
exchanger (12) on the primary heat source side in the same
way as in the second embodiment described above. The refrig-
erant is condensed while applying heat to the refrigerant in
the heat exchanger (1) on the secondary heat source side..
Thereafter, the pressure of the refrigerant is reduced in the
outdoor electrically motorized.expansion valve (EV2). Then,
in the outdoor heat exchanger (14), the refrigerant exchanges

heat with the outdoor air and is evaporated to returns to the
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compressor (11). This circulation operation is repeated.

On the other hand, in the secondary refrigerant circuit
(B),” when a high pressure is applied from the préssuriz-
ing/pressure-reducing mechanism (18) to the tank (T) through
the pressurizing/pressure-reducing pipe (19) as indicated by
the one-dot-chain arrows in Figure 9, the water level of the
liquid refrigerant in the tank'(T) is pushed down and the
liquid refrigerant is pushed out to the 1liquid pipe (7)
through the connecting pipe (17). The pushed-out liquid re-
frigerant flows through the liquid pipe (7) toward the heat
exchanger (1) on the secondary heat source side. Then, in the
heat exchénger (1) on the secondary heat source side, the re-
frigerant exchanges heat with the refrigerant in the heat ex-
changer (12) on the primary heat source side and is evapo-
rated. Thereafter, the refrigerant passes through the gas
pipe (6), exchanges heat with the indoor air and is condensed
in the respective indoor heat exchangers (3, 3), thereby heat-
ing the indoor air.

After this operation has been performed, a low pressure
is applied from the pressurizing/pressure-reducing mechanism
(18) to the tank (T). When the internal pressure of the tank
(T) falls, the liquid refrigerant condensed in the indoor heat
exchangers (3) is recovered through the liquid pipe (7) into
the tank (T) as indicated by the two-dot-chain arrows in Fig-

ure 9.
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By repeatedly pressurizing and reducing the pressure of
the tank (T) by the pressurizing/pressure-reducing mechanism
(18), the refrigerant circulates in the secondary refrigerant

circuit (B), thereby heating the indoor air.

(Fourth Embodiment)

Next, the fourth embodiment of the present invention
will be described. It is noted that only the difference from
the foregoing first embodiment will be described hereinafter.

The refrigerant circuitry of this embodiment modifies
the secondary refrigerént circuit (B) so as to continuously
perform indoor air conditioning running, and is applicable to
the secondary refrigerant circuit (B) in any of the foregoing
first to third embodiments.

Specifically, as shown in Figure 10, a part of the lig-
uid pipe (7) is branched into a first and a second branch
pipe (7a, 7b). A first and a second tank (Tl1, T2) are con-
nected to the respective pipes through connecting pipes (17a,
17b), respectively. That is to say, the tanks (Tl1l, T2) are
connected in parallel to the liquid pipe (7).

A first and a second pressurizing/pressure-reducing
mechanism (18A, 18B) are individually connected to the re-
spective upper ends of the tanks (T1l, T2) through pressuriz-
ing/pressure-reducing pipes (19d, 19e), respectively. In the

pressurizing/pressure-reducing mechanisms (18A, 18B), while
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one pressurizing/pressure-reducing mechanism (18A) applies a
high pressure to the tank (Tl1) connected thereto; the other
pressurizing/pressure-reducing mechanism (18B) applies a low
pressure to the tank (T2) connected thereto. Such high-
pressure and low-pressure application states are alternately
switched.

In addition, a pair of solenoid valves (8V7 and SV8, §V9
and SV10) to be switchably controlled in accordance with the
states of the pressure applied from the associated pressuriz-
ing/pressure-reducing mechanism (18A, 18B) are provided on
both sides of the connecting point of the connecting pipe
(17a, 17b) to each branch pipe (7a, 7b).

Next, the air conditioning running operations will be
describe&. |

For example, during the room heating running, when the
liquid refrigerant is pushed out from the first tank (T1) and
is recovered to the second tank (T2), the solencid valve (SV7)
located closer to the heat exchanger (1) on the heat source
side is opéned and the solenocid valve (SV8) located closer to
the indoor heat exchangers (3) is closed on the first branch
pipe (7a). On the other hand, on the second branch pipe (7b),
the solenoid valve (SV9) located closer to the heat exchanger
(1) on the heat source side is closed and the solenoid valve
(SV10) located closer to the indoor heat exchangers (3) is

opened. In such a state, a high pressure is applied from the
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first pressurizing/pressure-reducing mechanism (18A) to the
first tank (T1l) and a low pressure is applied from the second
pressurizing/pressure-reducing mechanism (18B) to the second
tank (T2), thereby circulating the refrigerant in the secon-
dary refrigerant circuit (B).

After such a running condition has lasted for a predeter-
mined time and almost all the liquid refrigerant in the first
tank (T1) has been drained, switching is performed to estab-
lish such a running condition that the liquid refrigerant is
drained from the second tank (T2) and is recovered to the
first tank (T1). During this running, the solenoid valve
(SV7) located closer to the heat exchanger .(1) on the heat
source side is closed and the solenoid valve (SV8) located
closer to the indoor heat exchangers (3) is opened on the
first branch .pipe (7a). On the other hand, on the second
branch pipe (7b), the solenoid valve (SV9) located closer to
the heat exchanger (1) on the heat source side is opened and
the solenoid valve (8V10) located closer to the indoor heat
exchangers (3) is closed. 1In such a state, a high pressure is
applied from the second pressurizing/pressure-reducing mecha-
nism (18B) to the second tank (T2) and a low pressure is ap-
plied from the first pressurizing/pressure-reducing mechanism
(18A) to the first tank (Tl1l), thereby circulating the refrig-
erant in the secondary refrigerant circuit (B).

The states of the pressures applied from the respective'
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pressurizing/pressure~reducing mechanisms (18A, 18B) to the
corresponding tanks (T1, T2) and the opening/closing states of
the respective solenoid valves (8V7 to SV10) are alternately
switched, thereby continuously performing the indoor air con-
ditioning running. It is noted that the opening/clbsing
states of the respective solenoid valves (8V7 to SV10) are in-

verted during the room cooling running.

(Variant of Pressurizing/Pressure-reducing Mechanism)

Next, a variant of the pressurizing/pressure-reducing
mechanism (18) applicable to the secondary refrigerant cir-
cuit (B) of the foregoing fourth embodiment will be described
with reference to Figure 11.

In this variant, a pfessurizing/pressure—reducing com-
pressor (D1) is provided. Specifically, the compressor (D1)
is connected to pressurizing/pressure-reducing pipes (194,
19e) extending from the respective tanks (T1, T2) via a four-
position selector valve (D2). In accordance with the switch-
ing operations of the four-position selector wvalve (D2), a
state (i.e., a state indicated by the broken lines in Figure
11) in which the first tank (Tl1) is connected to the outlet
side of the compressor (Dl1) and the second tank (T2) is con-
nected to the inlet side of the compressor (Dl), and a state
(i.e., a state indicated by the solid lines in Figure 11)'ih

which the first tank (Tl1) is connected to the inlet side of
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the compressor (Dl) and the second tank (T2) is connected to
the outlet side of the compressor (Dl) are switched.

In accordance with the switching operations of the four-
position selector valve (D2), the pressure application states
with respect to the respective tanks (T1, T2) are alternately
switched in the same way as in the fourth embodiment described
above. As a result, the indoor air conditioning running can
be performed continuously.

It is noted that, in this variant, check valves (CV7 to
CV10) are used instead of the respéctive solenoid valves (SV7
to 8v10) of the fourth embodiment described above. That is
to say, the circuit shown in Figure 11 is a circuit for heat-
ing. In a circuit exclusively used for cooling, these check
valves are replaced by the counterparts in which the refriger-

ant is allowed in flow in an inverted direction.

(Fifth Embodiment)

Next, a specific secondary refrigerant circuit (B), whi-
ch is provided with a plurality of tanks (T1, T2) in the same
way as in the fourth embodiment described above, for continu-
ously performing air conditioning running, will be described.

The circuitry shown in Figure 12 constitutes an air con-
ditioning system exclusively used for cooling. In this sec-
ondary refrigerant circuit (B), a first and a second driving

heat exchanger (E1, E2) are connected +to pressuriz-
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ing/pressure—reducing.pipes (19d, 19e) extending from the re-
spective tanks (T1, T2) and a presSurizing/pressure-reducing
réfrigerant circuit (D) is also provided. By exchanging heat
between the refrigerant circuit (D) and the driving heat ex-
changers (El, E2), pressure for circulating the refrigerant is
applied to the respective tanks (T1l, T2).

The refrigerant circuit (D) will be described. A com-
pressor (Dl1), a first'heat exchanger (D3) that can exchange
heat with the first driving heat exchanger (E1), an expansion
valve (D4) and a second heat exchanger (D5) that can exchange
heat with the second driving heat exchanger (E2) are connect-
ed to each other through a refrigerant pipe (D6). Specifi—
cally, a gas-side pipe (D3-G) of the first heat exchanger
(D3) is branched into two, which are connected to the outlet
side and the inlet side of the compressor (Dl), respectively.
Of these branch pipes( a pipe (D3-6l1) on the outlet side of
the compressor (Dl) is provided with a first outlet-side sole-
noid valve (SV-0l1) and a pipe (D3-G2) on the inlet side there-
of is provided with a first inlet-side solenoid valve (SV-I1).

Similarly, a gas—side pipe (D5-G) of the second heat ex-
changer (D5) is also branched into two, which are connected
to the outlet side and the inlet side of the compressor (D1),
respectively. A pipe (D5-Gl) on the outlet side of the com-
pressor (Dl) is provided with a second outlet-side solenoid

valve (SV-02) and a pipe (D5-G2) on the inlet side thereof is
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provided with a second inlet-side solenoid valve (SV-I2).
Also, the liquid sides of the respective heat exchangers (D3,
D5) are coupled to each other through a liquid pipe (D6-L) via
the expansion valve (D4).

Reservoirs (20, 21) for reserving é refrigerant for driv-
ing are connected to the respective driving heat exchangers
(El, E2). A check valve (CV1-A) allowing only the liquid re-
frigerant to flow from the heat exchanger (1) on the secondary
heat source side to the first tank (T1) is providgd between
the connecting point of a connecting pipe (17a) to the first
branch pipe (7a) of the liquid pipe (7) and the heat exchanger
(1) on the secondary heat source side. A check valve (Cv2-a)
allowing only the liquid refrigerant to flow from the first
tank (Tl).to the indoor heat exchangers (3, 3) is provided be-
tween the connecting point of the connecting pipé (17a) to the
first branch pipe (7a) and the indoor heat exchangers (3, 3).

On the other hand, a check valve (CV1-B) allowing only
the liquid refrigerant to flow from the heat exchanger (1) on
the secondary heat source side to the second tank (T2) is
provided between the connecting point of a connecting pipe
(17b) to the second branch pipe (7b) of the liquid pipe (7)
and the heat exchanger (1) on the secondary heat source side.
A check valve (CV2-B) allowing only the liquid refrigerant to
flow from the second tank_(TZ) to the iﬁdoor heat exchangers

(3, 3) 1is provided between the connecting point of the con-
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nectiﬁg pipe (17b) to the second branch pipe (7b) and the in-
door heat exchangers (3, 3).

The other arrangements are the same as those of the pri-
mary and the secondary refrigerant circuits (A, B) of the
first embodiment described above.

Next, the room cooling running operation will be de-
scribed.

First, in the pressurizing/pressure-reducing refrigerant
circuit (D), the fifsﬁ outlet-side solenoid valve (Sv-0l1) and
the second inlet-side solenoid valve (8V-I2) are opened,.the
first inlet-side solenoid vélve (SV-I1) and the second out-
let-side solenoid valve (SV-02) are closed and the compressor
(D1) is driven. The high-temperature, high-pressure gaseous
refrigerant discharged from the compressor (D1l) flows through
the gas-side pipe  (DP3-Gl1) and the first heat exchanger (D3)
as indicated by the solid-line arrows in Figure 12. 1In the
first heat exchanger (D3), the refrigerant exchanges heat
with the first driving'heat exchanger (El), 5pplies heat to
the refrigerant in the first driving heat exchanger (E1l) and
is condensed. Thereaftér, the pressure of the liquid refrig-
erant is reduced by the.expansion valve (D4) in the liquid
pipe (D6-L), exchanges heat with the second driving heat ex-
changer (E2) in the second heat exchanger (D5), extracts heat
from the refrigerant in the second driving heat exchanger

(E2) and is evaporated to return to the compressor (D1)
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through the gas-side pipe (D5-G2). This circulation opera-
tion is repeated.

In accordance with this refrigerant circulation opera-
tion, the refrigerant is evaporated and a high pressure is
built up in the first driving heat exchanger (El), while the
refrigerant is condensed and a low pressure is built up in
the second driving heat exchanger (EZ). Thus, a high pres-
sure is applied to the first tank (T1l) and a low pressure is
applied to the second tank (T2). In the same way as in the
fourth embodiment described above, the operation of draining
the liquid refrigerant from the first tank (T1l) and the opera-
tion of recovering the liquid refrigerant into the second tank
(T2) are simultaneously performed, thereby circulating the re-
frigerant in the secondary refrigerant circuit (B).

After such a running.staté has lasted for a predeter-
mined period of tiﬁe, the opening/closing states of the re-
sPective solenoid valves in the pressurizing/pressure-reducing
refrigerant circuit.(D) are switched. Specifically, the first
outlet-side solenoid valve (SV-01) and the second inlet-side
solenoid valve (8SV-I2) are closed and the first inlet-side
solenoid valve (SV-I1l) and the second outlet-side solenoid
valve (SV-02) are opened. As a result, the refrigerant flows
as indicated by the broken-line arrows in Figure 12. The re-
frigerant is condensed and a low pressure is built up in the

first driving heat exchanger (El), while the refrigerant is
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evaporated and a high pressure is built up in the second
driving heat exchanger (E2). Thus, a low pressure is applied
to the first tank (Tl) and a high pressure is applied to the
second tank (T2). As a result, the operation of draining the
liquid refrigerant from the second tank (T2) and the operation
of recovering the liquid refrigerant into the first tank (T1)
are simultaneously performed, thereby circulating the refrig-
erant in the secondary refrigerant circuit (B).

The pressure application states with respect to the re-
spective tanks (Tl1l, T2) are alternately switched, thereby
continuously performing room cooling running. Also, the gas-
eous refrigerant recovered from the tank (T2), to which a low
pressure is applied, into'the driving heat exchanger (E2) is
condensed in the driving heat exchanger (E2) so as to be tem-
porarily reserved in the reservoir (21). And, when the open-
ing/closing states of the respective solenoid valves (SV-01 to
SV-I2) are switched, Ithé refrigerant 1is evaporated in the
driving heat exchanger (E2), thereby applying a high pressure

to the tank (T2).

(Sixth Embodiment)

Next, an air conditioning system, which is provided with
a plurality of tanks (T1, T2) for performing continuous run-
ning and which is an air conditioning system exclusively used

for heating, will be described. It is noted that, in this
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embodiment, only the.difference from the.foregoing fifth em-
bodiment will be described hereinafter.

As shown in Figure 13, this secondary refrigerant cir-
cuit (B) is different from that of the fifth embodiment in
the arrangements of the check valves provided for the respec-
tive branch pipes (7a, 7b) of the liquid pipe (7).

Specifically, a check valve (CV3-A) allowing only the
liquid refrigerant to flow from the first tank (T1) to the
heat exchanger (1) on the secondary heat source side is
provided between the connecting point of the connecting pipe
(17a) to the first branch bipe (7a) of the liquid pipe (7) and
the heat exchanger (1) on the secondary heat source side. A
check valve (CVv4-A) allowing only the liquid refrigerant to
flow from the indoor heat exchangers (3, 3) to the first tank
(T1) is provided between the connecting point of the connect-
ing pipe (17a) to the first branch pipe (7a) and the indoor
heat exchangers (3, 3).

On the other hand, a check valve (CV3-B) allowing only
the liquid refrigerant to flow from the second tank (T2) to
the heat exchanger (1) on the secondary heat source side is
provided between the connecting point of a connecting pipe
(17b) to the second branch pipe (7b) of the liquid pipé (7)
éhd the heat exchanger (i) on the secondary heat source side.

A check valve (Cv4-B) allowing only the liquid refrigerant to

flow from the indoor heat exchangers (3, 3) to the second tank
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(T2) is provided between the connecting point of the connect-
ing pipe (17b) to the second branch pipe (7b) and the indoor
heat exchangers (3, 3).

The other arrangements are the same as the counterparts
of the secondary refrigerant circuit of the fifth embodiment
described above.

Next, the room heating running operation will be de-
scribed.

In the same way as in the fifth embodiment described
above, the respective solenoid valves of the pressuriz-
ing/pressure-reducing refrigerant circuit (D) are switched.
Specifically, a state where the first ouﬁlet—side solenoid
valve (SV-01l) and the second inlet-side solenoid valve (8SV-
I2) are opened and the first inlet-side solenoid valve (SV-
I1) and the second outlet-side solenoid valve (SV-02) are
closed, and a state. whe;e the first outlet-side solenoid
valve (SV-0l1) and the second inlet-side solenoid valve (SV-
I2) are closed and the first inlet-side solenoid valve (SV-
Il) and the second outlet-side solenoid valve (SV-02) are
opened, are alternately and repeatedly established. Thus, a
running condition where a high pressure is applied to the
first tank (T1) and a low pressure is applied to the second
tank (T2), and a running condition where a low pressure is
applied to the first tank (T1l) and a high pressure is applied

to the second tank (T2), are alternately and repeatedly estab-
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lished. And, the liquid refrigerant drained from one tank
(T1l) to the liquid pipe (7) is evaporated in the heat ex-
changer (1) on the secondary heat source side, and then con-
densed in the indoor heat exchangers (3, 3), thereby heating
the indoor air. Thereafter, the liguid refrigerant is recov-
ered into the other tank (T2). This refrigerant circulation
operation is repeated, thereby continuously performing the

room heating running.

(Seventh Embodiment)

Next, the séventh embodiment of the present invention
will be described. It is noted that only the difference from
the fqregoing sixth embodiment will be described hereinafter.

The secondary refrigerant ciréuit (B) of this embodiment
is applied to an air conditioning system of a heat pump type.

Specifically, as shqwn in Fiqgure 14, a third solenoid
valve (SV3) opening during the room heating running and clos-
ing during the cooling running is provided between a branch
point of the branch pipes (7a, 7b) of the liquid pipe (7) on
the side of the indoor heat exchangers (3) and the indoor
heat exchangers (3, 3). A fourth solenoid valve (SV4) opening
during the room heating running and closing during the cool-
ing running is provided between a branch point of the branch
pipes (7a, 7b) of the liquid pipe (7) on the side of the heat

exchanger (1) on the secondary heat source side and the heat
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exchanger (1) on the secondary heat source side.
In addition, one end of a cooling liguid pipe (34) on

the supply side is connected between the third solenoid valve

(Sv3) of the liquid pipe (7) and the indoor heat exchangers

(3, 3). And the other end of.the cooling liquid pipe (34) on
the supply side is connected to the downsfream of the third
check valve (CV3-A) of the first branch pipe (7a). The cool-
ing liquid pipe (34) on the supply side is provided with a
fifth solenoid valve (SV5) opening during the cooling running
and closing during the heating running.

Moreover, one end of a cooling liquid pipe (35) on the
recovery side is connected between the fourth solenoid valve
(Sv4) of the liguid pipe (7) and the heat exchanger (1) on
the secondary heat source side. And the other end of the
cooling liquid pipe (35) on the recovery side is connected to
the upstream of the fourth checklvalve (Cv4-B) of the second
branch pipe (7b). 'Thé cooling liquid pipe (35) on the recov-
ery side is provided with a sixth solenoid valve (Sv6) open-
ing during the cooling running and closing during the heating
running.

The other arrangements are the same as the counterparts
of the sixth embodiment. Also, in this embodiment, the pri-
mary refrigerant circuit of the third embodiment described
above is used as the primary refrigerant circuit;

Hereinafter, the room cooling and heating running will
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be described.

During the cooling running, in accordance with the
switching operations of the respectivé solenoid valves in the
pressurizing/pressure-reducing refrigerant circuit (D), as in--
dicated by the solid-line arrows in PFPigure 14, the liquid re-
frigerant drained from one tank (Tl) to the branch pipe (7a)'
is passed through the cooling liquid pipe (34) on the supply
side in the same way as in the fifth embodiment described
above. The pressure of the refrigerant is reduced in the in-
door electrically motorized expans;on valves (EV1, EV1).
Then, the refrigerant is evaporated in the indoor heat ex-
changers (3, 3), thereby cooling the indoor air. Thereafter,

the gaseous refrigerant is condensed in the heat exchahger (1)

~on the secondary heat source side, passed through the cooling

liquid pipe (35) on the recovery side and then recovered into-
the other tank (T2). This refrigerant circulation operation
is repeated and a tank.draining the liquid refrigerant and a
tank recovering the refrigerant are alternately switched,
thereby continuously performing the room cooling running.

On the other hand, during the room heating running, in
accordance with the switching operations of the respective
solenoid valves in the pressurizing/pressure-reducing refrig-
erant circuit (D), as indicated by the broken-line arrows in
Figure 14, the liquid refrigerant drained from one tank (T1)

to the liquid pipe (7) flows through the liquid pipe (7) to-
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ward the heat exchanger (1) on the.secondary heat source side
in the same way as in the sixth embodiment described above.
In the heat exchanger (1) on the secondary heat source side,
the refrigerant exchanges heat with the refrigerant in the
heat exchanger (12) on the primary heat source side and is
evaporated. Thereafter, the refrigerant is péssed through
the gas pipe (6), exchanges heat with the indoor air.and is
condensed in the indoor heat exchangers (3, 3), thereby heat-
ing the indoor air. Thereafter, the‘liquid refrigerant con-
densed in the indoor heat exchanger (3) is passed through the
liquid pipe (7) ahd recovered into the other tank (T2). This
refrigerant circulation operation is repeated ' and al tank
draining the liquid refrigerant and a tank recovering the re-
frigerant are alternately switched, thereby continuously per-

forming the room heating running.

(Eighth Embodiment).

Next, the eighth._embodiment of the present invention
will be described. It is noted that only the difference from
the foregoing sixth embodiment will be described hereinafter.

The secondary refrigerant circuit (B) of this embodiment
is also applied to ah air conditioning system of a heat pump
type. The arrangement of the primary refrigerant circuit (A)
is the same as that of the third eﬁbodiment described above

and thus the description thereof will be omitted herein.
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As shown in Figure 15, the secondary refrigerant circuit
(B) includes a four-position selector valve (10) in the lig-
uid pipe (7). The four—position selector valve (10) is con-
nected to a first liquid pipe (7A) extending from the liquid
side of the heat exchanger (1) on the secondary heat source
side, to a second and a third liquid pipe (7B, 7C) respec-
tively extending from a first and a second branch points (X,
Y) (where X is a branch point closer to the heat exchanger (1)
on the secondary heat source side and Y is a branch point
closer to the indoor heat exchanger (3)) on both ends of the
respective branch pipes (7a, 7b) of the liquid pipe (7) and to
a fourth liquid pipe (7D) extending from the indoor heat ex-
changers (3, 3, 3) to the tanks (T1, T2).

The four-position selector valve (10) switches the con-
nection states between the liquid side of the heat exchanger
(1) on the secondary. heat source side and the respective
branch points (X, Y) éf the branch pipes (7a, 7b) and between
the liquid sides of the indoor heat exchangers (3, 3, 3) and
the respective branch points (X, Y) of the branch pipes (7a,
7b). Séecifically, a state where the liquid side of the heat
exchanger (1) on the secondary heat source side is connected
to the first branch point (X) and the liquid sides of the in-
door heat exchangers (3, 3, 3) are connected to the second
branch point (¥) (i.e., a selected state indicated by the sol-

id lines in Figqure 15) and a state where the liquid side of
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the heat exchanger (1) on the secondary heat source side is
connected to the second branch point (¥) and the liguid sides
of the indoor heat exchangers (3, 3, 3) are connected to the
first branch point (X) (i.e., a selected state indicated by
the broken lines in Figure 15) are switched.

Also, the secondary refrigerant circuit (B) of this em-
bodiment includes three indoor heat exchangers (3). The
other arrangements are the same as the counterparts of the
sixth embodiment described above. In Figure 15, (28) denotes
an accumulator.

Hereinafter, the room cooling and heating running will
be described. o

First, during the cooling running, the four-position.se-
lector valve (22) is switched to the direction indicated by
the solid lines in the primary refrigerant circuit (A) and
the four-position selector valve (10) is switched to the di-
rection indicated by the broken lines in the secondary re-
frigerant circuit (B). In such a state, the compressor (11)
of the primary refrigerant circuit (A) and the compressor
(D1) of the pressurizing/pressure-reducing refrigerant circuit
(D) in the secondary refrigerant circuit (B) are both driven.

As a result, in accordance with the switching operations

.of the respective solenoid valves in the pressuriz-

ing/pressure-reducing refrigerant circuit (D), as indicated

by the solid-line arrows in Figure 15, the liquid refrigerant
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drained from one tank (Tl) is passed through the second liqg-
uid pipe (7B) and flows through the four-position selector
valve (10) and the fourth liquid pipe (7D) in the same way as
in the fifth embodiment. Then, the pressure of the refriger-
ant is reduced in the indoor electrically motorized expansion
valves (EVl1l, EV1). The refrigerant is evaporated in the in-
door heat exchangers (3, 3), thereby cooling the indoor air.
Thereafter, the gaseous refrigerant is paésed through the gas
pipe (6), condensed in the heat exchanger (1) on the secondary
heat source side, passed through the first liquid.pipe (74),
the four-position selector valve (10) and the third liquid
pipe (7€) and then recovered into the other tank (T2). This
refrigerant circulation operation is repeated and a tank
draining the liquid refrigerant and a tank recovering the re-
frigerant are alternately switched, thereby continuously per-
forming the room cooling running.

On the other hand, during the room heating running, the
four-position selector valve (22) is switched to the direc-
tion indicated by the brokeﬁ lines in the primary refrigerant
circuit (A) and the four-position selector valve (10) is
switched to the direction indicated by the solid lines in the
secondary refrigerant circuit (B). In such a state, the com-
pressor (11) of the primary refrigerant circuit (A) and the
compressor (D1l) of the pressurizing/pressure—reducing refrig-

erant circuit (D) in the secondary refrigerant circuit (B) are
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both driven.

As a result, in accordance with the switching operations
of the respective solenoid valves in the pressuriz-
ing/pressure-reducing refrigerant circuit (D), as indicated
by the broken-line arrows in Figure 15, the liquid refriger-
ant drained from one tank (T1l) flows through the second lig-
uid pipe (7B), the four-position selector valve (10) and the
first liquid pipe (7A) in the same way as in the sixth em-
bodiment described above. Then, in the heat exchanger (1) on
the 'secondary heat source side, the refrigerant exchanges
heat with the refrigerant in the heat exchanger (12) on the
primary heat source side and is evaporated. The gaseous re-
frigerant is passed through the gas.pipe (6), is introduced
into the indoor heat exchangers (3, 3), exchanges heat with
the indoor air and is condensed, thereby heating the indoor
air. Thereaftei, the liquid refrigerant condensed in the in-
door heat exchanger (3) is passed through the fourth 1liquid
pipe (7D), the four-position selector valve (10) and the third
liquid pipe (7€) and is recovered into the other tank (T2).
This refrigerant circulation operation is repeated and a tank
draining the liquid refrigerant and a tank recovering the re-
frigerant are alternately switched, thereby continuously per-

forming the room heating running.
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(Ninth Embodiment)

Next, the ninth embodiment of the present invention will
be described. It is noted that only the difference from the
foregoing eighth embodiment will be described hereinafter.
The secondary refrigerant circuit (B) of this embodiment is
also applied to an air conditioning system of a heat pump
type. The arrangement of the primary refrigerant circuit (A)
is.the same as that of the third embodiment described above
and thus the description thereof will be omitted herein.
This embodiment is different from the eighth embodiment in
the arrangement of the pressurizing/pressure-reducing mecha-
nism (18). Thus, only the pressurizing/pressure-reducing
mechanism (18) will be described.

As shown in Figure 16, in the secondary refrigerant cir-
cuit (B), a first and a second driving heat exchanger (E1,
E2) are connected to a first and a second pressuriz-

ing/pressure-reducing pipes (194, 19e) extending from the re-

‘'spective tanks (T1, T2), and a pressﬁrizing/pressure-reducing

refrigerant circuit (D) is also provided. By exchanging heat
between the refrigerant circuit (D) and the driving heat ex-
changers (El, E2), pressures for circulating the refrigerant
are applied to the respective tanks (T1, T2).

Specifically, the first pressurizing/préssuré—reducing
pipe (19d) connected to the upper end of the first tank (T1)

is branched into a first pressurizing/pressure-reducing branch
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pipe (19d-A) leading to the first driving. heat exchanger (E1)
and a second pressurizing/pressure-reducing branch pipe (19d-
B).leading to the second driving heat exchanger (E2). A first
pressurizing/pressure-reducing solenoid valve (SV-1) and a
second pressurizing/pressure-reducing solenoid valve (SV-2)
are provided for the first pressurizing/pressure-reducing

branch pipe (19d-A) and the second pressurizing/pressure-~

reducing branch pipe (19d-B), respectively.

on the other hand, the second pressurizing/pressure-
reducing pipe (19e).connected to the upper end of the second
tank (T2) is branched into a third pressurizing/pressure-
reducing branch pipe (19e-A) ieéding to a point between the
first pressurizing/pressure-reducing solenoid valve (SV-1) of
the first pressurizing/pressure-reducing branch pipe (19d-A)
and the first driving heat exchanger (El) and a fourth pres-
surizing/pre__ssufe-reducing branch pipe (19e-B) leading to a
point between the second pressurizing/pressure-reducing sole-
noid valve (8V-2) of the second pressurizing/pressure-reducing
branch pipe _(19d—B) and the second driving heat exchanger
(E2). A third pressurizing/pressure-reducing solenoid valve
(8V-3) and a fourth pressurizing/pressure-reducing solenoid
valve (SV-4) are provided for the third pressurizing/pressure-
reducing branch pipe (19e-A) and the fourth pressuriz-
ing/pressure-reducing branch pipe (19e-B), respectively.

The refrigerant circuit (D) will be described. A com-
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pressor (Dl), a second heat exchanger (D3) that can exchange
heat with the second driving heat exchanger (E2), an'expansion
valve (D4) and a first heat exchanger (D5) that can exchange
heat with the first driving heat exchanger (El) are connected
in this order through a refrigerant pipe (D6).

Reservoirs (20, 21) for reserving a refrigerant for driv-
ing are connected to the respective driving heat exchangers
(El, E2) via check valves (CV-1, cv-zy and solenoid valves
(SVv-5 to Sv-8). Specifically, the lower end of the first
driving heat exchanger (El) is connected to the lower ends of
the reséective reservoirs (20, 21) via check valves (CVl, CV1)
allowing only the liquid refrigerant to flow from the first
driving heat exchanger (El) to the respective reservoirs (20,
21). The lower end of the second driving heat exchanger (E2)
is cénnected to the lower ends of thé respective reservoirs
(20, 21) via check valves (CV2, CV2) allowing only the liquid
refrigerant to flow from the respective reservoirs (20, 21) to
the second driving heat exchanger (E2).

The upper epd of the first reservoir (20) is connected to
the first pressurizing/pressure-reducing branch pipe (194-A)
via the fifth solenoid valve (8V-5) and to the second pressur-
izing/pressure-reducing branch pipe (194-B) via the sixth so-
lenoid valve (SV-6). The upper end of the second reservoir
(21) is connected to the first pressurizing/pressure-reducing

branch pipe (19d-A) via the seventh solenoid valve (8V-7) and
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to the second pressurizing/pressure-reducing branch pipe (19d-
B) via the eighth solenoid valve (SV-8).

The other arrangements are the same as those of the pri-
mary and the secondary refrigerant ciréuits (A, B) of the
eighth embodiment described above.

Next, the room cooling and heating running will be de-
scribed.

First, during the cooling running, the four-position se-
lector valve (22) is switched to the direction indicated by
the solid lines in the primary refrigerant circuit (A). On
the other hand, in the secondary refrigerant circuit (B), the
four-position selector valve (10) ié switched to the direc-
tion indicated by fhe broken lines. Furthermore, in the pres-
surizing/pressure-reducing mechanism (18), the second solenoid
valve (8V-2), the thiid solenoid valve (SV-3), the sixth sole-
noid valve (Sv-6) and the seventh solenoid valve (SV-7) are
opened, while the first solenoid valve (sv-1), the fourth so-
lenoid valve (8vV-4), the fifth solenoid valve (SV-5) and the
eighth solenoid valve (SV-8) are closed. |

In such a state, the compressor (11) of the primary re-
frigerant circuit (A) and the compressor (D1l) of the pressur-
izing/pressure-reducing refrigerant circuit (D) in the secon-

dary refrigerant circuit (B) are both driven. And, in the

_ pressurizing/pressure~reducing refrigerant circuit (D), as in-

dicated by the solid-line arrows in Figure 17, the refriger-
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ant discharged from the compressor (Dl) flows through the
first heat exchanger (D3). In the first heat exchanger (D3),
the refrigerant exchanges heat with the second driving heat
exchanger (E2), applies heat.to the refrigerant in the second
driving heat exchanger (E2) and is condensed. Thereafter,
the pressure of the refrigerant is reduced in the expansion
valve (D4). And, in the second heat exchanger (D5), the re-
frigerant exchanges heat with the first driving heat ex-
changer (El), extracts heat from the refrigerant in the first
driving heat exchanger (E1l) and is evaporated to return to
the compressor (Pl). This circulation operation is repeated.

As a result of the refrigerant circulation operation, the
refrigerant is evaporated and a high pressure is built up in
the second driving heat exchanger (E2), while the réfrigerant
is condensed and a 1§w pressure is built up in the first
driving heat exdhanger (El). Thus, a high pressure is ap-
plied through the second pressurizing/pressure-reducing
branch pipe (19d4-B) to the first tank (T1) and a low pressure
is | applied through the third pressurizing/pressure-réducing
branch pipe (19e-A) to the second tank (T2). In the same way
as in the fourth embodiment, the operation of draining the
liquid refrigerant from the first tank (T1) and the operation
of recovering the liquid refrigerant into the second tank (T2)
are simultaneously performed, thereby circulating the refrig-

erant in the secondary refrigerant circuit (B).
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Specifically, as indicated by the broken-line arrows in
Figure 17, the liquid refrigerant drained from the first tank
(T1) passes through the second liquid pipe (7B) and flows
through the four-position selector wvalve (10) and the fourth
liquid pipe (7D). Thereaftér, the pressure of the refrigerant
is reduced in the indoor electrically motorized expansion
valves (EVl1l, EV1l, .). And the refrigerant is evaporated in
the indoor heat exchangers (3, 3, ..), thereby cooling the in-
door air. Thereafter, the gaseous lrefrigerant is passed
through the gas pipe (6), condensed in the heat exchanger (1)
on the secondary heat source side and passed through the first
ligquid pipe (7A), the four-position selector valve (10) and
the third liquid pipe (7C) so as to be recovered into the sec-
ond tank (T2). This refrigerant circulation operation is re-
peated.

In this case, the gaseous refrigerant, which has been
recovered from the second tank (T2) into the first driving
heat exchanger (El) through the third pressurizing/pressure-
reducing branch pipe (19e-A), is condensed and reserved in the
second reservoir (21). The pressure of the second driving heat
exchanger (E2) is equalized with that of the first reservoir
(20), and the 1i§uid refrigerant in the reservoir (20) is sup-
plied to the second driving heat exchanger (E2).

After such a refrigerant circulation operation has been

performed for a predetermined period of time, the switching
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operations are performed for the respective solenocid valves.
Specifically, the first solenoid valve (SV-1), the fourth so-
lenoid valve (SV-4), the fifth solenoid valve (SV-5) and the
eighth solenoid valve (SV-8) are opened, while the second so-
lenoid valve (SV-2), the third solenoid valve (8v-3), the
sixth solenoid valve (S8V-6) and the seventh solenoid valve
(SV-7) are closed.

When the respective solenoid valves are switched in such
a manner, a high pressure is applied through the fourth pres-
surizing/pressure—feducing branch pipe (19e-B) to the second
tank (T2) and a low pressure is applied through the first
pressurizing/pressure-reducing branch pipe (19d-A) to the
first tank (T1). As a result, the operation of draining the
liquid refrigerant from the second tank (T2) and the operation
of recovering the liquid refrigerant into the first tank (T1)
are simultaneously performed, thereby circulating the refrig-
erant in the secondary refrigerant circuit (B).

Specifically, as indicated by the one-dot-chain arrows
in Figure 17, the liquid refrigerant drained from the second
tank (T2) passes through the second liquid pipe (7B) and flows
through the four-position selector valve (10) and the fourth
liquid pipe (7D). Thereafter, the pressure of the refrigerant
is reduced in the indoor electrically motorized expansion
valves (EVl1l, EVl1l, ..). And the refrigerant is evaporated in

the indoor heat exchangers (3, 3, ..), thereby cooling the in-
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door air. Thereafter, the gaseous refrigerapt is passed
through the gas pipe (6), condensed in the heat exchanger (1)
on the secondary heat source side and passed through the first
liquid pipe (7a), fhe four-position selector valve (10) and
the third liquid pipe (7C) so as to be recovered into the
first tank (T1). This refrigerant circulation operation is
repeated.

In this case, the gaseous refrigerant, which has been
recovered from the first tank (T1) into.the first driviﬂg
heat exchanger (El) through the first pressurizing/pressure-
re&ucing branch pipe k19d-A), is condensed and reserved in the
first reservoir (20). The pressure of the second driving heat
exchanger (E2) is equalized with that of the second reservoir
(21), and the liquid refrigerant in the reservoir (21) is sup-
plied to the second driving heat exchanger (E2).

A tank draining the liquid refrigerant and a tank recov-
ering the refrigerant are alternately switched in such a man-
ner, thereby continuously performing the room cooling run-
ning.

Oon the other hand, during the room heating running, the
four-position selector valve (22) is switched to the direc-
tion indicated by the broken lines in the primary refrigérant
circuit (A). In the secondary refrigerant circuit (B), the
four-position selectoi valve (10) is switched to the direc-

tion indicated by the solid lines. Furthérmore, in the pres-
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surizing/pressure-reducing mechanism (18), the second solenoid
valve (SV-2), the third solenoid valve (SV-3), the sixth sole-
noid valve (S8V-6) and the seventh solenoid valve (sv;7) are
opened, while the first solenoid valve (8V-1), the fourth so-
lenoid valve (Sv-4), the fifth solenoid valve (8V-5) and the
eighth solenoid valve (SV-8) are closed in the same way as in
the case of the cooling running described above. As a re-
sult, a high pressure is applied to the first tank (T1) and a
low pressure is applied to the second tank (T2).

Alternatively, thé first solenoid valve (8v-1), the
fou;th solenoid valve (SVv-4), the fifth solenoid valve (SV-5)
and the eighth solenoid valve (8V-8) are opened and the sec-
ond solenoid valve (8V-2), the third solenoid wvalve (8V-3),
the sixth solenoid valve (8V-6) and the seventh solenoid
valve (8V-7) are closed. As a result, a high pressure is ap-
plied to the second tank (T2) and a low pressure is applied
to the first tank (T1). These two states are alteinately
switched.

As a result, as indicated by the broken-line and one-
dot-chain arrows in Figure 18, the liquid refrigerant drained
from one tank (T1) passes through the second liquid pipe (7B)
and flows through the four-position selector wvalve (10) and
the first liquid pipe (7A). Thereafter, in the heat exchanger
(1) on the secondary heat source side, the refrigerant ex-

chahges heat with the refrigerant in the heat exchanger (12)
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on the primary heat source side and is evaporated. The gas-
eous refrigerant is paésed through the gas pipe (6) and intro-
duced into the indoor heat exchangers (3, 3), in which the re-
frigerant exchanges heat with the indoor air and is condensed,
thereby heating the indoor air. Then, the liquid refrigerant
condensed'in the indoor heat exchanger (3) is passed through
the fourth liquid pipe (7D), the four—positién selector valve
(16) and the third liquid pipe (7C) and recovered into the
other tank (T2). This refrigerant circulation operation is
repeated and a tank draining the 1liquid refrigerant and a
tank recovering the refrigerant are alternately switched,

thereby continuously performing the room heating running.

(Tenth Embodiment)

Next, the tenth embodiment of the present invention will
be described with reference to Fiéures 19 to 21. This em-
bodiment is a variant of the primary refrigerant circuit (A)
to be combined with substantially the same circuit as the sec-
ondary refrigerant circuit (B) of the ninth embodiment de-
scribed above. Also, this embodiment is a heat pump circuit
for cooling and heating.

First, the primary refrigerant circuit (A) will be de-
scribed.

The primary refrigerant circuit (A) is constituted by

connecting a compressor (11), a four-position selector valve
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(22), an outdoor heat exchanger (14), an outdoor electrically
motorized expansion'valve (EvWw) and a heat exchanger (12) on
the primary heat source side through a refrigerant pipe (16).
The gas side of heat exchanger (12) on the primary heat source
side is switched between the inlet side and the outlet side of
the compressor (11) via the four-position selector valve (22).

A check valve (CvV-1) allowing only the refrigerant to
flow from the outdoor electrically motorized expansion valve
(EVW) to the outdoor.heat exchénger (14) is provided between
the outdoor heat exchanger (14) and the outdoor electrically
motorized expansion valve (EVW). The primary refrigerant cir-
cuit (A) includes a heating heat exchanger (D3) and a cooling
heat exchanger (D5) both for exchanging heat with the secon-
dary refrigerant circuit (B).

One end (i.e., the lower end in Figqure 19) of the heat-
ing heat exchanger (D3) is coﬁnected between the outdoor heat
exchanger (14) and the check valve (cv-1) of the refrigerant
pipe (16) through a first'cooling liquid line (CL-1) includ-
ing a check valve (CV-2). The other end (i.e., the upper end
in Figure 19) thereof is connected between the outdoor elec-
trically motorized expansion valve (EVW) and the check valve
(CV-1) in the refrigerant pipe (16) through a second cooling
liquid line (CL-2).

A first solenoid valve (8V-1) opening during cooling and

closing during heating is provided for the second cooling
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liquid line (CL-2). One end of a heating gas line (WGL) is
connected between the heating heat exchanger.(D3) and the
first solenoid valve (SV-1) in the second cooling liquid line
(CL-2) and the other end of the heating gas line (WGL) is
connected to the outlet side of the compressor (11). A sec-
ond solenoid valve (SV-2) opening during heating and closing
during cooling is provided for the heating gas line (WGL).

A heating liquid line (WLL) is connected between the
first cooling ligquid ling (CL-1) and the heat exchanger (12)
on the primary heat source side. A third éolenoid valve (Sv-
3). opening during heating and closing during cooling is
provided for the heating liquid line (WLL). Furthermore, one
end of the cooling heat exchanger (D5)(i.e., the lower end in
Figure 19) is connected to the inlet side of the compressor
(11) through an inlet gas. line (IGL) and the other end
thereof (i.e., the upper end in Figure 19) is connected to
the first cooling liquid line (CL-1) through the cooling lig-
uid line (CLL). A motor operated valve (54) is provided for
the cooling liquid line (CLL).

on the other hand, in the secondary refrigerant circuit
(B), a heat exchanger (1) on the secondary heat source side
for exchanging heat with the heat exchanger (12) on the pri-
mary heat source side and indoor heat exchangers (3, 3, 3) are
connected to each other through a gas pipe (6) and a liquid

pipe (7). A part of the liquid pipe (7) is branched into a
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first and a second branch pipe (7a, 7b), to which a first and
a second tank (T1, T2) reserving the 1liquid refrigerant
therein are respectively connected through connection pipes
(17a, 17b). A check valve (CV3-A) allowing only the liquid
refrigerant to flow from the first tank (T1l) to the heat ex-~
changer-(l) on the secondary heat source side is provided be-
tween the connecting point of the connecting pipe (17a) to
the first branch pipe (7a) of the liquid pipe (7) and the
heat exchanger (1) on the secondary heat source side. A check
valve (CV4-A) allowing only the liquid refrigerant to flow
from the indoor heat exchangers (3, 3) to the first tank (T1)
is provided between the connecting'point of the connecting
pipe (17a) to the first branch pipe (7a) and the indoor heat
exchangers (3, 3).

On the other hand, a check valve (CV3-B) allowing only
the liquid refrigerant to flow from the second tank (T2) to
the heat exchanger (1) on the secondary heat source side is
provided between the connecting point of a connecting pipe
(17b) to the second bianch pipe (7b) of the liquid pipe (7)
and the heat exchanger (1) on the secondary heat source side.
A check valve (CV4-B) allowing only the liquid refrigerant to
flow from the indoor heat exchangers (3, 3) to the second
tank (T2) is provided between the connecting point of the
connecting pipe (17b) to the second branch pipe (7b) and the

indoor heat exchangers (3, 3).
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Of the two connecting points (X, Y) of each of the con-
necting pipes (17a, 17b), a fourth solenoid valve (SV-4) is
provided between the cohnecting point (X) closer to the heat
exchanger (1) on the secondary heat source side and the heat
exchanger (1) on the secondary heat source side, and a fifth
solenoid valve (8V-5) 1is provided between the connecting
point (¥) closer to the indoor heat exchangers (3, 3, 3) and
the indoor heat exchangers (3, 3, 3).

one end of a liquid refrigerant recovery pipe (LR1l) is
connected between the heat exchanger (1) on the secondary
heat source side and the fourth solenoid valve (SV-4). The
liquid refrigerant recovery pipe (LR1) is connected to the
upstréam of the check valve (Cv4-B) at the other end, and is
provided with a sixth solenoid valve (SV-6). One end of a
liguid refrigerant supply pipe (LS1) is connected between the
indoor heat exchangers (3, 3, 3) and the fifth solenoid valve
(SV-5). The liquid refrigerant supply pipe (LS1l) is connect-
ed to the downstream of the check valve (CV3-A) at the other
end, and is provided with a seventh solenoid valve (8V-7).

A pressurizing/pressure-reducing mechanism (18) is con-
nected to the respective upper ends of the tanks (T1, T2)
through a first and a second pressurizing/pressure-~-reducing
pipes (194, 19e). The pressurizing/pressure-reducing mechanism
(18) is constructed such that while a high pressure is applied

to one tank (Tl), a low pressure is applied to the other tank
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(T2) and alternately switches these states. Specifically, a
first and a second driving heat exchanger (El1, E2) are con-
nected to the first and the second pressurizing/pressure-
reducing pipes (19d, 19e). These driving heat exchangérs (E1,
E2) exchange heat with the heating and the cooling heat ex--
changers (D3, D5), thereby applying pressure for circulating
the refrigerant onto the respective tanks (T1l, T2).

That is to say, the first pressurizing/pressure-reducing
pipe (19d) connected to the upper end of the first tank (T1)
is branched into a first branch pipe (19d-A) leading to the
first driving heat exchanger (El) and a secbnd branch pipe
(19d-B) leading to the second driving heat exchanger (E2). An
eighth solenoid valve (SV-8) is provided for the first branch
pipe (19d-A). A check valve (CV-5) allowing only the refrig-
erant to flow from the first tank (T1l) to the second driving
heat exchanger (E2) and a ninth solenoid valve (8V-9) are
provided for the second branch pipe (19d-B).

Oon the other hand, the second pressurizing/pressure-
reducing pipe (19e) connected to the upper end of the second
tank (T2) is also branched into two. One of them or the first
branch pipe (19e-A) is connected between the eighth solenoid
valve (Sv-8) and the first driving heat exchanger (E1) of the
first branch pipe (19d-A) via a tenth solenoid valve (SV-10).
The other of them or the second branch pipe (19e-B) is con-

nected between the ninth solenoid valve (8V-9) and the second
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driving heat exchanger (E2) of the second branch pipe (19d-B)
through a check valve (CV-6).
In addition, the seéondary refrigerant circuit (B) fur-

ther includes a pair of reservoirs (20, 21). A pipe connected

to the upper end of the first reservoir (20) is branched into

two. One of them is connected between the check valve (CV-5)
and the ninth solenoid valve (8V-9) of the second branch pipe
(19d4-B), and the other is connected between the eighth sole-
noid valve (SV-8) and the first driving heat exchanger (E1) of
the first branch pipe (194-A) via an eleventh solenoid valve
(8V-11). A pipe connected to the lower end of the first res-
ervoir (20) is also branched into two, which are connected to
the first driving heat exchanger (E1l) and the second driving
heat exchanger (E2), respectively. . Bach of the branch pipes
is provided with a dheck valve (Cv-8) allowing only the re-
frigerant to flow from the reservoir (20) into the first driv-
ing heat exéhanger (E1l) and a check valve (CV-7) allowing only
the refrigerant to flow from the second driving heat exchanger
(E2) into the reservoir (20).

A pipe connected to the uppér end of the second reservoir
(21) is also branched into two. One of them is connected be-
tween the ninth solenoid valve (8V-9) of the second branch
pipe (19d4-B) and the second driving heat exchanger (E2) via a
twelfth solenoid valve (8V-12), and the other is connected be-

tween the eighth solenoid valve (8V-8) of the first branch
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pipe (19d-A) and the first driving heat exchanger (El) via a
thirteenth solenoid valve (Sv-13). A pipe connected to the
lower end of the_second reservoir (21) is also branched into
twe, which are connected to the first driving heat exchanger
(E1l) and the second driving heat exchangerl(EZ), respectively.
Each of the branch pipes is provided with the check valve (CV-
8) allowing only the refrigerant to flow from the reservoir

(21) into the first driving heat exchanger (El1) and the check

valve (Cv-7) allowing only the refrigerant to flow from the

second driving heat exchanger (E2) into the reservoir (21).

A first by-pass pipe (BPL-1) is connected between the gas
pipe (6) and the second branch pipe (19d-B). The first by-
pass pipe (BPL-1) includes a fourteenth solenoid valve (SV-
14), thereby by-passing a part of the gaseous refrigerant to
the gas pipe (6). A second by-pass pipe (BPL-2) is connected
between the gas pipe (6) and the second pressurizing/pressure-
reducing pipe (19e). The second by-pass pipe (BPL-2) includes
a fifteenth solenoid valve (SvV-15), thereby by-passing a part
of the gaseous refrigerant to the gas pipe (6). A third by-
pass-pipe (BPL-3) is connected between the liquid pipe (7) and
the respective driving heat exchangers (El, E2). The third
by-pass pipe (BPL~3) includes a check valve (CV-9), thereby
by-passing the liquid refrigerant to the respective driving
heat exchangers (El, E2).

Next, the cooling running operation will be described.
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In the primary refrigerant circuit (A), the four-
position selector valve (D2) is switched to the direction in-
dicated by the solid lines, the first solenoid valve (SvV-1)
is opened and the second and the third solenoid valves (sv-2,
SV-3) are closed. Then, as indicated by the solid-line ar-
rows in Figure 20, the refrigerant discharged from the com-
pressor (1l1) is condensed in the outdoor heat exchanger (14).
Thereafter, a part of the refrigerant is supplied to the
heating heat exchanger (D3) and the other bart is supplied to
the cooling heat exchanger (D5) after the pressure thereof
has been reduced in the pressure reducing valve (D4). The
refrigerant supplied to the heating heat exchanger (D3) ap-
plies heat to the first driving heat exchanger (El) and is
excessively cooled. Then, in the heating heat exchanger (12),
the refrigerant extracts heat from the refrigerant in the
heat exchanger (1) on the secondary heat source side and is
evaporated to return to the compressbr (11). On the other
hand, the refrigerant supplied to the cooling heat exchanger
(D5) extracts heat from the second driving heat exchanger
(E2) and is evapopated to return to the compressor (11).

As a result of the refrigerant circulation operation,
the refrigerant is evaporated and a high pressure is built up
in the first driving heat exchanger (El). On the other hand,
the refrigerant is condensed and a low pressure is built up

in the second driving heat exchanger (E2). In such a state,
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the sixth, seventh, eighth, eleventh and twelfth solenoid
valves (8Sv-6, SV-7, Sv-8, SV-11, SV-12) are opened and the
fourth, £fifth, ninth, tenth and thirteenth solenoid valves
(sv-4, sv-5, Sv-9, sv-1o, SV-13) are closed.

As a result, a high pressure is applied to the first -
tank ('ﬁ) and a low pressure is applied to the second tank
(T2), and the operation of draining the liquid refrigerant
from the first tank (Tl1) and the operation of recovering the
liquid refrigerant into the second tank (T2) are simultane-
ously performed, thereby circulating the refrigerant in the
secondary refrigerant circuit (B) as indicated by the broken-
line arrows in Figure 20. The gaseous refrigerant, which has
been recovered from the second tank (T2) into the second driv-
ing heat exchanger (E2), is condensed and reserved in the sec-
ond reservoir (21). The pressure of the first reservoir (20)
is equalized with that of the first driving heai: exchanger
(El1), thereby supplying the liquid re_frigerant to the first
driving heat exchanger (E1).

After this refrigerant circulation operation has been
performed for a predetermined time, the respective solenoid
valves are switched, thereby opening the sixth, seventh,
ninth, tenth and thirteenth solenoid valves (SvV-6, SV-7, SV-
9, Sv-10, sSv-13) and closing the fourth, fifth, eighth, elev-
enth and twelfth solenoid valves (Sv-4, Sv-5, SvV-8, sSv-11, SV-

12).
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As a result, a high pressure is applied to the second
tank (T2) and a low pressure is applied to the first tank
(Tl), and the operation of draining the 1liquid refrigerant
from the second tank (T2) and the operation of recovering the
liquid refrigerant into the first tank (T1l) are simultaneously
performed, thereby circul&ting the refrigerant in the secon-
dary refrigerant circuit (B) as indicated by the one-dot-chain
arrows in Figure 20. The gaseous refrigerant, which has been
recovered from the first tank (T1l) into the second driving
heat exchanger (E2), is condensed and reserved in the first
reservoir (20). The pressure of the second reservoir (21) is
equalized with that of the first driving heat exdhahger (E1),
thereby supplying the ligquid refrigerant to the first driving
heat exchanger (El).

In such a manner, a tank draining the liquid refrigerant
and a tank recovering the liquid refrigerant are alternately
switched, thereby éontinuously performing the room cooling
running.

Moreover, since the liquid refrigerant condensed in the
sécond driving heat exchanger (E2) is recovered inﬁo the res-
ervoirs (20, 21), a large heat exchange area can be secured
for the second driving heat exchanger (E2) and the quantity of
heat exchanged with the cooling heat exchanger (D5) is in-
creased. As a result, the performance of the entire system

can be improved.
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On the other hand, during the room heating running, the
four-position selector valve (D2) is switched.to the direc-
tion indicated by the broken lines, the first solenoid valve
(SV-1) is closed and the second and the third solenoid valves
(Sv-2, SvV-3) are opened in the primary refrigerant circuit
(A). Then, as indicated by the solid-line arrows in Fiﬁure
21, a part of the refrigerant discharged from the compressor
(11) is supplied to the heat exchanger (12) on the primary
heat source side and the 6ther refrigerant is supplied to the
‘heating heat exchanger (D3).

The refrige:ant supplied to the heat exchanger (12) on
the primary heat source side exchanges heat with the heat ex-
changer (1) on the secondary heat source side and is con-
densed. Thereafter, a bart of the refrigerant is supplied to
the outdoor heat exchanger (14) and the other part is sup-
plied to the cooling heat exchanger (D5). The refrigerant
supplied to the outdoor heat exchanger (14) exchanges heat
with the outdoor air, is evaporated and then is recovered in-
to the compressor (11). The refrigerant supplied to the cool-
inglheat exchanger (D5) extracts heat'from the second driving
heat exchanger (E2), is evaporated and then returns to the
compressor (11).

Oon the other hand, the refrigerant supplied to the heat-
ing heat exchanger (D3) applies heat to the first driving

heat exchanger (El1) and is condensed. Thereafter, in the
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heat exchanger (12) on the primary heat source side, the re-
frigerant applies heat to the refrigerant in the heat ex-
changer (1) on the secondary heat source side and is exces-
sively cooled. Then, the refrigerant is evaporated in the
outdoor heat exchanger (14) and the cooling heat exchanger
(D5) so as to return to the compressor (11).

As a result of the refrigerant circulation operation,
the refrigerant is evaporated and a high pressure is built up
in the first driving heat exchanger (El). On the other hand,
the refrigerant is condensed and a low pressure is built up
in the second driving heat exchanger (E2). In such a state,
the fourth, fifth, eighth, eleventh and twelfth solenoid
valves (Sv-4, Sv-5, Sv-8, SV-11, SV-12) afe opened and the
sixth, seventh, ninth, tenth and thirteenth solenoid valves
(Ssv-6, sv-7, sv-9, _sv-1o, SV-13) are closed. As a result, a
high pressure is applied to the first tank (T1) and a low.
pressure is applied to the second tank (T2), and the opera-
tion of draining the liquid refrigerant from the first tank
(T1) and the operation .qf recovering the liquid refrigerant
into the second tank (T2) are simultaneously performed, there-
by circulating the refrigeraht in the secondary refrigerant
circuit (B) as indicated by the broken-line arrows .in Figure
21.

After this refrigerant circulation operation has been

performed for a predetermined time, the respective solenoid
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valves are switched, thereby opening the fourth, £fifth,
ninth, tenth and thirteenth solenoid valves (Sv-4, SvV-5, SvV-
9, SV-10, SvV-13) and closing the sixth, seventh, eighth, elev-
enth and twelfth solenoid valves (Sv-6, SvV-7, Sv-8, SvV-9, SV-
11, svV-12). As a result, a high pressure is applied to the
second tank (T2) and a low pressure is applied to the first
tank (Tl1), and the operation of draining the liquid refriger-
ant from the second tank (T2) and the operation of recovering
the liquid refrigerant into the first tank (T1l) are simultane-
ously performed, thereby circulating the refrigerant in the
secondary refrigerant circuit (B) as indicated by the one-dot-
chain arrows in Figure 21.

A tank draining the ;iquid refrigerant and a tank recov-
ering the liquid refrigerant are alternately switched, there-
by continuously performing the room heating running. During
this heating running, the guantity of heat exchanged between
the second driving heat exchanger (E2) and the éooling heat
exchanger (D5) can be increased and the performance of the en-
tire system can be improved by recovering the liquid refriger-
ant into the reservoirs (20, 21).

Thus, in this embodiment, since the liquid refrigerant
condensed in the outdoor heat exchanger (14) can be cooled in
the heating heat exchanger (DB) to reach an excessively
cooled state during the room cooling running, a large quanti-

ty of heat exchanged between the heat exchanger (12) on the
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primary heat source side and the heat exchanger (1) on the
secondary heat source side can be secured, and the performance

of the entire system can be improved.

(Eleventh Embodiment)

Next, the eleventh embodiment of the present invention
will be described with reference to Figure 22.

This embodiment provides a pressurizing circuit (50) and
a pressure reducing circuit (60) for a pressurizing/pressure-
reducing mechanism (18) and is applied to an air conditioning
sygtem exclusivély used for cooling.

First, the secondary refrigerant circuit (B) will be de-
scribed.

In the secondary refrigerant circuit (B), an indoor heat
exchanger (3) and a heat exchanger (1) on the secondary heat
source side are connected to each other through a gas pipe
(6) and a liquid pipe (7).

A tank (T) is connected to the liquid pipe (7). A first
check valve (CVl) allowing only the liquid refrigerant to flow
from the heat exchapger (1) on the secondary heat source side
to the tank (T) is provided between the tank (T) and the heat
exchanger (1) on the secondary heat source side in the liquid
pipe'(7). A second check valve (CV2) allowing only the liquid
refrigerant to flow from the tank (T) to the indoor heat ex-

changer (3) is provided between the tank (T) and the indoor
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heat exchanger (3) in the liquid pipe (7). An indoor electri-
cally motorized expansion valve (EV1l) is further provided be-
tween the second check valve (CV2) and the indoor heat ex-
changer (3) in the liquid pipe (7).

The pressurizinj circuit (50) and the pressure reducing
circuit (60) are connected to the tank (T). PFirst, the pres-
surizing circuit (50) will be described.

The pressurizing circuit_ (50) includes a circplating
evaporator (51). The circulating evaporator (51) is disposed
at a position lower than the installation position of the
tank (T). The circulating evaporator (51) is connected to
the upper part of the tank (T) through a gas supply pipe (52)
and to the lower part of the tank (T) through a liquid recov-
ery pipe (53).

A first solenoid valve (8Vl1l), which is opened in apply-
ing a high pressure to the inside of the tank (T), is provid-
ed for the gas supply pipe (52). A third check valve (CV3)
allowing only the refrigerant to flow from the tank (T) into
the circulating evaporator (51) is provided for the liquid re-
covery pipe (53).

Next, the pressure reducing circuit (60) will be de-
scribed.

The pressure reducing circuit (60) includes a circulat-
ing condenser (61). The circulating condenser (61) is dis-

posed at a position higher than the installation position of
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the tank (T). The circulating condenser (61) is connected to
the upper part of the tank (T) through a gas recovery pipe
(62) and to the lower part of the tank (T) through a liquid
supply pipe (63).

A second solenoid valve (SV2), which is opened in apply-
ing a low pressure to the inside of the tank (T), is provided
for the gas recovery pipe (62). A fourth check valve (CV4)
allowing only the refrigerant to flow from the circulating
condenser (61) to the tank (T) is provided fof the liquid sup-
ply pipe (63).

Next, the primary refrigerant circuit (A) for exchanging
heat with the secondary refrigerant circuit (B) will be dg-
scribed.

The primary refrigerant circuit (A) is constituted by
connecting: a compressor (11); an outdoor heat exchanger (14)
for exchanging heat with the outdoor air; a heating heat ex-
changer (71) that can exchange heat with the circulating
evaporator (51); a cooling heat exchanger (72) that can ex-
change heat with the circulating condenser (61); and a heat
exchanger (12) on the primary heat source side that can ex-
change heat with the heat exchanger (1) on the secondary heat
source side to each other through a refrigerant pipe (16).

Specifically, the outdoor heat exchanger f14) and the
heating heat exchanger (71) are conhected in this order to

the outlet side of the compressor (11). The liquid side of
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the heating heat exchanger (71) is branched into a first
branch pipe (16a) and a second branch pipe (16b). The first
branch pipe (16a) is connected to the cooling heat exchanger
(72) and the second branch pipe (16b) is connected to the heat
exchanger (12) on the primary heat source side. A first out-
door electrically motorized expansion valve (EV-A) and a sec-
ond outdoor electrically motorized expansion valve (EV-B) are
provided for the first branch pipe (16a) and the second branch
pipe (16b), respectively. The gas sides of the cooling heat
exchanger (72) and the heat exchanger (12) on the primary heat
source side are combined with each other and connected to the
inlet side of the compressor (11).

In this embodiment, the condensing temperature in the
circulating condenser (61) is set lower than the condensing
temperature in the heat exchanger (1) on the secondary heat
source side. Specifically, the first branch pipe (16a) and
the second branch pipe (lﬁb) have respectively different pipe

diameters, and the flow rate of the first branch pipe (16a)

- is set smaller than the flow rate of the second branch pipe

(16b) by a predetermined ratio. On the other hand, the heat
exchange area between the cooling heat exchanger (72) and the
circulating condenser (61) is set smaller than the heat ex-~
change area betweeh the heat exchanger (12) on the primary
heat source side and the heat exchanger (1) on the secondary.

heat source side, and the ratio is set smaller than the above-
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described predetermined ratio.

Specifically, for example, if the ratio of the flow rate
of the first branch pipe (16a) to the flow rate of the second
branch pipe (16b) is 1:10, then the ratio of the heat ex-
change area between the cooling heat exchanger (72) and the
circulating condenser (61) to the heat exchange area between
the heat exchanger (12) on the primary heat source side and
the heat exchanger (1) on the secondary heat source side is
set at 2:10. Thus, in respect of the power as a heat ex-
changer with respect te the flow rate of a refrigerant, the
circulating condenser (61) is made superior to the heat ex-
changer (1) on the secohdary heat source side. As a result,
the condensing temperature of the circulating condenser (61)
becomes lower than the condensing temperature of the heat ex-
changer (1) on the secondary heat source side.

Next, the room cooling running operation in this embodi-
ment will be described.

During the cooling running, the compressor (11) is
driven in the primary refrigerant circuit (A). As indicated
by the solid-line arrows in Figure 22, a high-temperature,
high-pressure gaseous refrigerant discharged from the com-
pressor (11) sequentially flows through the outdoor heat ex-
changer (14) and the heating heat exchanger (71), exchanges
heat with the outdoor air and the refrigerant in the circu-

lating evaporator (51) and is condensed, thereby applying
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heat to the refrigerant in the circulating evaporator (51).
Thereafter, the liquid refrigerant is distributed into the

respective branch pipes (16a, 16b) and the pressure of the

‘refrigerant is reduced in the respective outdoor electrically

motorized expénsion valves (EV-A, EV-B). Then, the refriger-
ant flows through the cooling heat exchanger (72) and the
heat exchanger (12) on the primary heat source side. Here,
the liquid refrigerant exchanges heat with the refrigerant in
the circulating condenser (61) and with the refrigerant in
the heat exchanger (1) on the secondary heat source side and
is evaporated, thereby extracting heat from the refrigerant
in the circulating condeﬁser (61) and the refrigerant in the
heat exchanger (1) on the secondary heat source side. There-
after, the gaseous refrigerants, which have flowed through
the cooling heat exchanger (72) and the heat exchanger (12) on
the primary heat source side, are combined to return to.the
compressor (11). This circulation operation is repeated.

On the other hand, in the secondary refrigerant circuit
(B), a refrigérant evaporation operation and a refrigerant
condensation operation are caused in the circulating evapora-
tor (51) and in the circulating cgndenser (61), respectively,
as a result of the above-described heat exchange operation.
And, a high pressure and a low pressure are respectively gen-
erated in the circulating evaporator (51) and in the circu-

lating condenser (61).
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In such a state, first, the first solenoid valve (8V1)
is opened and the second solenoid valve (8V2) is closed. As
a. result, the high pressure in the circulating evaporator
(51) is applied to the inside of the ﬁank (T) through the gas
supply pipe (52), the water level of the liquid refrigerant
in the tank (T) is pushed down and the liquid refrigerant is
pushed out into the liquid pipe (7) as indicated by the bro-
ken-line arrows.in Figure 22. The pushed-out liquid refrig-
erant flows through tﬁe liguid pipe (7) toward the indoor heat
exchanger (3). Thé pressure of the liquid refrigerant is re-
duced in the indoor electrically motorized expansion valve
(EV1l). Then, in the indoor heat exchanger (3), the liguid re-
frigerant exchanges heat with the indoor air, and is evapo-
rated, thereby cooling the indoor air. The evaporated gaseous
refrigerant flows through the gas pipe (6) to the heat ex-
changer (1) on the secondary heat source side, exchanges heat
with the heat exchanger (12) on the primary heat source side,
and is condensed. |

After this operation has been performed, the first sole-

noid valve (SVl1l) is closed and the second solenoid valve

(SV2) is opened; As a result, the low pressure in the circu-
lating condenser (61) is applied to the inside of the tank
(T) through the gas recovery pipe (62). The condensing tem-
perature of the circulating condenser (61) is lower than the

condensing temperature of the heat exchanger (1) on the sec-
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ondary heat source side and the internal pressure of the cir-
culating condenser (61)'is lower than the internal pressure
of the heat exchanger (1) on the secondary heat source side.
Thus, the internal pressure of the tank (T) becomes lower than
the internal pressure of the heat'eichanger (1) on the secon-
dary heat source side. As indicated by the one-dot-chain ar-
rows in Figure 22, the liquid refrigerant in the heat ex-— -
changer (1) on the secondary heat source side is recovered
into the tank (T) through the liquid pipe (7).

In fhis case, the gaseous refrigerant in the upper part
in the tank (7T) is.sucked into the circulating condenser (61)
and then condensed té be a liquid refrigerant, which is re-
covered into the tank (T) through the 1liquid supply pipe
(63). When the pressurizing operation is started bjr the
above-described pressurizing circuit (50) from such a state,
the pressure in the entire pressurizing circuit (50) is
equalized. As a result, a part of the liquid fefrigerant in
the tank (T) is recovered into the circulating evaporator
(51) and is used as a refrigerant for generating a high pres-
sure.

By alternately repeating the pressurizing operation by
the pressurizing circuit (50) and the pressure reducing op-
eration by the pressure reducing circuit (60), the liquid re-
frigerant is pushed out from the tank (T) during the pressur-

izing operation, recovered into the tank (T) during the

121



10

15

20

25

pressure reducing operation and circulated in the secondary
refrigerant éircuit (B), thereby cooling the indoor air.
Thus, in this embodiment, since the liquid refrigefant
in the heat exchanger (1) on the secondary heat source side
is recovered by utilizing the suction force generated in the
tank (T), it is no longer necessary to dispose the tank (T) at
a position lower than that of the heat exchanger (1) on the
secondary heat source side. As a result, the restriction on
the installation positions of units can be alleviated and the

universality can be improved.

(Tﬁelfth Embodiment)

Next, the twelfth embodiment of the present invention
will be described. It is noted that only the difference from
the foregoing eleventh embodiment will be described hereinaf-
ter.

The refrigerant circuit of this embodiment is applied to
an air conditioning system exclusively used for heating. The
arrangement of the primary refrigerant circuit (A) and the
arrangement of a check valve provided for the liquid pipe (7)
are different from the counterparts of the eleventh embodiment
described above.

Specifically, as shown in Figure 23, the heating heat

exchanger (71) and the heat exchanger (12) on the primary

heat source side are connected iﬁ this order to the outlet
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side of the compressor (11) in the primary refrigerant cir-
cuit (A). The liquid side of the heat exchanger (12) on the
primary heat source side is branched into a first branch pipe
(16c) and a second branch pipe (16d). The first branch pipe
(16¢c) is connected to the outdoor heat exchanger (14) and the
second branch pipe (16d) is connected to the cooling heat ex-
changer (72). A first outdoor electrically motorized expan-
sion valve (EV-C) and a second outdoor electrically motorized
expansion valve (EV-D) are provided for the first branch pipe
(16c) and the second branch pipe (16d), respectively. The gas
sides of the outdoor heat exchanger (14) and the cooling heat
exchanger (72) are combined with each other and connected to
the inlet side of the compressor (11).

On the other hand, a first check valve (Cv3) allowing on-
ly the liquid refrigerant to flow from the tank (T) into the
heat exchanger (1) on the secondary heat source side is
provided between the tank (T) and the heat exchanger (1) on
the secondary heat source side in the liquid pipe (7) in the
secondary refrigerant circuit (B). A second check valve (CV4)
allowing only the liquid refrigerant to flow from the indoor
heat exchanger (3) into the tank: (T) is provided between the
tank (T) and the indoor heat exchanger (3) in the liquid pipe
(7)-

It is noted that the pressurizing circuit (50) and the

pressure reducing circuit (60) of this embodiment are the same
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as those of the eleventh embodiment described above.

By serially connecting the heating heat exchanger (71)
for exchanging heat with the circulating evaporator (51) to
the heat exchanger (12) on the primary heat source side for
exchanging heat with the heat exchanger (1) on the secondary
heat source side in this manner, the evaporating temperature
in the circulating evaporator (51) becomes higher than the
evaporating temperature in the heat exchanger (1) on the sec-
ondary heat source side. That is to say, owing to the differ-
ence in evaporating temperatures, the internal pressure of the
circulating evaporator (51) becomes higher than the internal -
pressure of the heat exchanger (1) on the secondary heat
source side.

Next, the room heating running operation in this embodi-
ment will be described.

During the heating running, the compressor (11) is
driven in the primary réfrigerant circuit (A). As indicated
by the solid-line arrows in Figure 23, a high-temperature,
high-pressure gaéeous refrigerant discharged from the com-
pressor (11) sequentially flows through the heating heat ex-
changer (71) and.the heat exchanger (12) on the primary heat
source side, exchanges heat with the refrigerant in the cir-
culating evaporator (51) and the refrigerant in the heat ex-
changer (1) on the secondary heat source side, and is con-

densed, thereby applying heat to the refrigerant in the

124



10

15

20

circulating evaporator (51) and the refrigerant in the heat
exchanger (1) on the secondary heat source side. Thereafter,
the liquid refrigerant is distributed into the respective
branch pipes (16c, 16d) and the pressure of the refrigerant
is reduced in the respective outdoor electrically motorized
expansion valves (EV-C, EV-D). Then, the refrigerant flows
through the cooling heat exchanger (72) and the outdoor heat
exchanger (14). The liquid refrigerant exchanges heat with
the circulating condenser (61) in the cocoling heat exchanger
(72) and with the outdoor air in the outdoor heat exchanger
(14) and is evaporated, thereby extracting heat from the re-
frigerant in the circulating condenser (61). Thereafter, the
gaseous refrigerants, which have flowed through the cooling
heat exchanger (72) and the outdoor heat exchanger (14), are
combined to return to the compressor (11). This circulation
operation is repeated.

On the other hand, in the secondary refrigerant circuit
(B),' the switching oéerations of the reépective solenoid
valves (SV1l, SV2) are performed in the pressurizing circuit
(50) and the pressure reducing circuit (60) in the same way
as in the eleventh embodiment described above, thereby alter-
nately switching a state where a'high pressure is applied to
the inside of the tank (T) and a state where a low pressure
is applied to the inside of the tank (T). In the state where

a high pressure is applied to the tank (T), since the evapo-
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rating temperature of the circulating evaporator (51) is
higher than the evaporating temperature of the heat exchanger

(1) on the secondary heat .source side as described above, the

“internal pressure of the circulating evaporator (51) becomes

higher than the internal pressure of the heat exchanger (1)
on the secondary heat source side. Thus, a high pressure is
built up in the tank (T). As indicated by the broken~line ar-
rows in Figure 23, the liquid refrigerant pushed out from the
tank (T) exchanges heat with the heat exchanger (12) on the
primary heat source side and is evaporated in the heat ex-
changer (1) on the secondary heat source side. The evaporat-
ed gaseous refrigerant flows into the indoor heat exchanger
(3) through the gas pipe (6), exchanges heat with the indoor
air and is condensed, thereby heating the indoor air.

In the state where a low pressure is applied to the in-
side of the tank (T), the liquid refrigerant in the indoor
heat-exchanger (3) is recovered into the tank (T) through the
liquid pipe (7) as_indicated by the one-dot-chain arrows in
Figure 23. In this operation, during the pressure reducing
operation of the pressure reducing circuit (60), the gaseous
refrigerant sucked into the circulating éondenser (61) is
condensed to be a liquid refrigerant, which is recovered into
the tank (T) through the liquid supply pipe (63). On the
other hand, during the pressurizing operation of the pressur-

izing circuit (50), a part of the liquid refrigerant in the
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tank (T) is recovéred into the circulating evaporator (51)
and is used as a refrigerant for generating a high pressure.
This operation is repeated, thereby heating the indoor air.
Thus, in this embodiment, since the liquid refrigerant
in the indoor heat exchanger (3) is recovered by utilizing
the suction force generated in the tank (T), it is no longer
necessary to dispose the tank (T) at a position lower than
that of the indoor heat exchanger (3). As a result, the re-
striction on the installation positions of units can be alle-

viated and the universality can be improved.

(Thirteenth Embodiment)

Next, the thirteenth embodiment of the present invention’
will be described. It is noted that only the difference from
the foregoing eleventh embodiment will also be described
hereinafter.

The refrigerant circuit of this embodiment is applied to
an air conditioning system exclusively used for cooling. The
primary refrigerant circuit (A) is the same as that of the
eleventh embodiment described above. Thus,.the.description
thereof will be omitted herein.

And, the secondary refrigerant circuit (B) of this em-
bodiment is characterized in that two tanks (Tl; T2) are
provided in the same way as in the fifth embodiment described

above and that the respective tanks (T1, T2) are connected in
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parallel to the pressurizing circuit (50) and the pressure re-
ducing circuit (66).

Specifically, as shown in Figure 24, the gas supply pipe
(52) of the pressurizing circuit (50) is branched into branch
pipes (52a, 52b), which are connected to the upper ends of the
respective tanks (T1, T2) and are provided with solenoid
valves (8vVl-1, 8SV1-2), respectively. The liquid recovery
pipe (53) of the pressurizing circuit (50) is branched into
branch pipes (53a, 53b), which are connected to the lower ends
of the respective tanks (T1, T2) and are provided with check
valves (Cv3-1, Ccv3-2), reSpectively.

On the other hand, the gas reéovery pipe (62) of the
pressure reducing circuit (60) is branched into branch pipes
(62a, 62b),_which are connécted to the upper ends of the re-
spective tanks (T1, T2) and are provided with solenoid valves
(sv2-1, sv2-2), respectively. The liquid supply pipe (63) of
the pressure reducing circuit (60) is branched into branch
pipes (63a, 63b), which are connected to the lower ends of the
respective tanks (Tl, T2) and are provided with check valves
(Cv4-1, Cv4-2), respectively.

The liquid pipe (7) coupled to the heat exchanger (1) on
the secoﬁdary heat source side is branched into branched lig-
uid pipes (7a, 7b), which are connected to the lower ends of
the respective tanks (Tl, T2) and are provided with check

valves (Cvl-1, CV1-2). The liquid pipe (7) coupled to the
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indoor heat exchanger (3) is branched into branched liquid
pipes (7¢, 7d), which are connected to the lower ends of the
respective tanks (T1, T2) ahd are provided with check valves
(CV2-1, CV2-2).

In this embodiment, while the secondary refrigerant cir-
cuit (B) is operated during the cooling running, the opera-
tions of opening one of the solenoid valves (8V1-1, 8V1-2)
provided for the respective branch pipes (52a, 52b) of the

pressurizing circuit (50) and closing the other are alter-

nately repeated. 1In addition, the operations of opening one

of the solenoid valves (SV2-1, SV2-2) provided for the respec-
tive branch pipes (62a, 62b) of the pressure reducing circuit
(60) and closing the other are also alternately repeated. 1In
such a manner, the operations of making one tank push out the
liquid refrigerant toward the indoor heat exchanger (3) and
making the other tank recover the 1iquid refrigerant from the
heat exchanger (1) on the secondary heat source side are re-
peated.

Specifically, in the case where the solenoid valve (SvV1-
1) of the branch pipe (52a) in the pressurizing circuit (50)
is opened and the solenoid valve (8V2-2) of the branch pipe
(62a) in the pressure réducing circuit (60) is also opened,

the upper tank (T1l) pushes out the liquid refrigerant toward

-the indoor heat exchangei (3) and the lower tank (T2) recov-

ers the liquid refrigerant from the heat exchanger (1) on the
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secondary heat source siqe as indicated by the solid lines in
Figure 24. Conversely, in the case where the solenoid valve
(SV1-2) of the branch pipe (52b) in the pressurizing circuit
(50) is opened and the solenoid'valve (S8V2~1) of the branch
pipe (62a) in the pressure reducing circuit (60) is also
opened, the lower tank (T2) pushes out.the liquid refrigerant
towérd the indoor heat exchanger (3) and the upper tank (T1)
recovers the liquid refrigerant from the heat exchanger (1)
on the secondary heat source side as indicated by the broken-
line arrows in Figure 24. By alternately repeating these op-

erations, the room cooling is performed continuously.

(Fourteenth Embodiment)

Next, the fourteenth embodiment of the present invention
will be described. It is noted that only the différence from
the foregbing thirteenth embodiment will be described_herein—
after.

The refrigerant circuit of this embodiment is applied to
an air conditioning system exclusively used for heating. The
primary refrigerant circuit'(A) is the same as that of the
thirteenth embodiment described above. Thus, the description
thereof will be omitted herein.l Also, the secondary refrig-
erant circuit (B) is different from that of the thirteenth
embodiment in the arrangement of the check valve provided for

the liquid pipe (7).

130



10

15

20

Specifically, as shown in Figure 25, check vélves allow-
ing the refrigerant to flow in different directions are em-
ployed as the check valves (CV1l-1, <Cv1i-2, Cv2-1, Cv2-2)
provided for the liquid pipe (7).

Thus, during thé heating runniné, the opening/closing op-
erations of the solenoid valves (SV1l-1, SV1-2) provided for
the respective branch pipes (52a, 52b) of the pressurizing
circuit (50) and the solenoid valves (8SvV2-1, SV2-2) provided
for the respective branch pipes (62a, 62b) of the pressure re-
ducing circuit (60) are alternately repeated in the same way
as in the thirteenth embodiment described above. As a result,
the operations of making one tank push out the liquid refrig-
erant toward the heat exchanger (1) on the secondary heat
source side and making the other tank recover the liquid re-
frigerant from the indoor heat exchanger (3) are alternately
repeated (i.e., the state indicated by the solid-line arrows
in Figure 25 and the state indicated by the broken-line arrows
therein are alternately repeated) whereby the room heating is

performed continuously.

(Fifteenth Embodiment)

Next, the fifteenth embodiment of the present inventioﬁ
will be described. It is noted that only the difference from
the foregoing eleventh embodiment will be described hereinaf-

ter.
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The refrigerant circuit of this embodiment is applied to
an air conditioning system exclusively used for cooling. The
primary refrigerant circuit (A) is the same as that of the
eleventh embodiment described above. Thus, the description
thereof will be omitted herein.

The secondary refrigerant circuit (B) of this embodiment
is characterized by including a sub-tank (ST) of a small
size, separately from the above-described tank (T) (hereinaf-
ter, referred to as a main tank) as shown in Figure 26, and by
temporarily reserving a liquid refrigerant in the sub-tank
(ST) .

Hereinafter, the circuit configuration of the secondary
refrigerant circuit (B) of this embodiment will be described.

A gas recovery pipe (62) coupled to the circulating con-
denser (61) is branched into branch.pipes (62a, 62b), one of
which is connected tb the upper end of the main tank (T) via
the second solenoid valve (8V2) and the other of which is con-
nected to the upper end of the sub-tank (ST) via the third so-
lenoid vaive (Sv3).

A gas supply pipe (52) coupied to the circulating evapo-
rator (51) is branched into branch pipes (52a, 52b), one of
which is connected to the upper end of the main tank (T) via
the first solenoid valve (SV1) and the other of which is con-
nected to the branch pipe (62b) via the fourth solenoid valve

(Sva).
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The sub-tank (ST) is disposed at a position higher than
that of the circulating evaporator (51). The lower end of
the circulating evaporator (51) and the lower part of the
sub-tank (ST) are connected to each other through a liquid
recovery pipe (53). A check valve (CV3) allowing only the re-
frigerant to flow from the sub-tank (ST) into the circulating
evaporator (51) is provided for the liquid recovery pipe
(53).

The liquid recovery bipe (53) and the liquid pipe (7)
are connected to each other through a liquid suction pipe
(54) provided with a check valve (Cv5) allowing only the lig-
uid refrigerant to flow from the liquid pipe (7) into liquid
recovery pipe (53). One end of the liquid suction pipe (54)
is connected between the sub-tank (ST) and the check valve
(Cv3) in the 1liquid recovery pipe (53) and the other end
thereof is connected between the indoor electrically motorized
expansion valve (ﬁvi) and the check valve (CV2) in the liquid
pipe (7). Selector means (I) for switching the pressure appli-
cation states to the sub-tank (ST) is constituted in this man-
ner. The other arrangements are the same as those the eleven-
th embodiment described above.

Next, the room cooling running of this embodiment will
be described.

In the primary refrigerant circuit (A), the same opera-

tions as those of the eleventh embodiment described above are
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performed.

In the secondary refrigerant circuit (B), first, the
first and the fourth solenoid valvés (Svl, SvV4) are opened
and the second and the third solenoid valves (Sv2, 8V3) are
closed. As a result, the high pressure in the circulating
evaporator (51) is appiied to the main tank (T) and the pres-
sure in the circulating evaporator (51) is equalized with the
pressure in the sub-tank (ST). Consequently, as indicated by
the solid-line arrows in Figure 26, the liquid refrigerant
pushed out from the main tank (T) is evaporated in the indoor
heat exchanger (3) and then condensed in the heat exchanger
(1) on the secondary heat source side. 1In addition, the lig-
uid refrigerant in the sub-tank (ST) is dripped and supplied
to the circulating evaporator (51) through the liquid recovery
pipe (53).

Thereafter, the opening/clbsing operations of the sole-
noid valves are switched and the first and the fourth solenoid
valves (Svl, své) are closed while the second and the third
solenoid valves (8V2, SV3) are opened. As a result, the low
pressure in the circulating condenser (61) is applied to the
main tank (T) and the sub-tank (ST) through the respective
branch pipes (62a, 62b) of the gas recovery pipe (62). Conse-
quently, as indicated by the broken-line arrows in Figure 26,
the liquid refrigerant in the heat exchanger (1) on the secon-

dary heat source side is recovered into the main tank (T)

134



10

15

20

through the liquid pipe (7). Also, since a low pressure state
is established in the sub-tank (ST), a part of the liquid re-
frigerant in the liquid pipe (7) is recovered into the sub-
tank (ST) through the liquid suction pipe (54). When the so-
lenoid valves are switched again and the pressure in the sub-
tank (ST) is equalized with the pressure in the circulating
evaporator (51), the liquid refrigerant recovered into the
sub-tank (ST) is supplied to the circulating evaporator (51)
and functions as a refrigerant for driving. fhis operation is
repeated, thereby cooling the indoor air.

Thus, since the liquid refrigerant is reserved in the
sub-tank (ST) and is supplied to the circulating  evaporator
(51) in this embodiment, it is no longer necessary to dispose
the main tank (T) above the circulating evaporator (51) unlike
the foregoing embodiments. Thus, the flexibility in the in-
stallation positions of the main tank (T) and the circulating
evaporator (51) cén be increased.

It is noted that if a refrigerant circuit including such
a sub-tank to an air conditioning system exclusively used for
heating, check valves allowing the refrigerant to flow in dif-
ferent directions are employed as the check valves (CVl, CV2)

provided for the liquid pipe (7).

(Sixteenth Embodiment)

Next, the sixteenth embodiment of the present invention
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will be described. The secondary refrigerant circuit (B) of
this embodiment is characterized by including two sub-tanks
(ST1, ST2) similar to that of the fifteenth embodiment de-
scribed above.

The circuit configuration thereof will be described. As
shown in Figure 27, the respective sub-tanks (ST1, ST2) are
connected in parallel to each other in the circulating con-
denser (61) and the circulating- evaporator (51’. Specifi-
cally, the respective sub-tanks (ST1l, ST2) are connected to
the circulating condenser (61) through the gas recovery pipes
(62b-1, 62b-2), resbéctively, and are connected to the circu-
lating evaporator (51) through the gas supply pipes (52b-1,
52b-2), respectively. Solenoid valves (SV3-A, 8SV3-B) are
provided for the gas recovery pipes (62b-1, 62b-2), respec-
tively and solenoid valves (SV4-A, SV4-B) are provided for
the gas supply pipes (§2b-1, 52b-2), respectively. Liquid
suction pipes (54-1, 54-2) are provided for the lower ends of
the respective sub-tanks (Sil, ST2) so as to correspond to the
liquid recovery pipes (53-1, 53-2) connected to the circulat-
ing evaporator (51).I

Selector means (I) for switching the pressure application
states to the respective sub-~tanks (STI, ST2) is constituted
in such a manner. The other arrangements ére the same as tho-
se of the elevehth embodiment described above. The other ar-

rangements are substantially the same as those of the fifteen-
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th embodiment described above.

Next, the room cooling running of this embodiment will
be described.

In the primary refrigerant circuit (A), the same opera;
tions as those of the eleventh embodiment described above are
performed.

In the secondary refrigerant circuit (B), states where
one of the two sub-~tanks (ST1l, ST2) is connected to the cir-
culating condenser (61) and the other is connected-to the
circulating evaporator (51) are alternately and repeatedly
established. Specifically, one solenoid valve (SV3-A) of the
gas recovery pipe (62b) is opened and the other solenoid
valve (SvV3-B) is closed while one solenoid valve (SV4-B) of
the gas supply pipe (52b) is opened and the other solenoid
valve (8V4-A) is closed. As a result, as indicated by the
solid-line arrows in Figure 27, a state, in which one sub-tank
(srli communicates with the circulating condenser (61) to re-
cover a part of the liquid refrigerant in the liquid pipe (7)
and the other sub-tank (ST2) communicates with the circulating
evaporator (51) to drip and supply the liquid refrigerant to
the circulating evaporator (51), is established.

When these solenoid valves are switched, a state, in
which the other sub-tank (ST2) recovers a part of the liquid
refrigerant in the 1liquid pipe (7) and one sub-tank  (ST1)

drips and supplies the 1liquid refrigerant to the circulating
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evaporator (51), is established as inaicated by the broken-
line arrows in Fiqure 27. These states are alternately and
repeatedly established.

Thus, since the operation of recovering the liquid re-
frigerant into one sub-tank and the operation of supplying
the liquid refrigerant from the other sub-tank to the circu-
lating evaporator (51) are performed simultaneously, the num-
ber of times by which the solenoid valves are opened/closed
for switching the operations of the sub-tanks (S8T1, ST2) can
be reduced as compared with the case of providing only one
sub-tank (ST) as in the fifteenth embodiment described above.
As a result, the durability thereof can be improved.

It is noted that if this embodiment is applied to an air
conditioning system exclusively used for heating, check valves
allowing the refrigerant to flow in different directions are
employed as the check valves (CVl, CV2) provided for the liqg-

uid pipe (7).

(Seventeenth Embodiment)

Next, the seventeenth embodiment of the present inven;
tion will be described. It is noted that only the difference
from the foregoing eleventh embodiment will be described
hereinafter.

The refrigerant circuit of this embodiment is applied to

an air conditioning system of a heat pump type.
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First, the primary refrigerant circuit (A) will be de-
scribed.

As shown in Figure 28, the primary refrigerant circuit
(A) makes the heat exchanger (12) on the primary heat source
side heat/cool the heat exchanger (1) on the secondar§ heat
source side. Specifically, the compressor (11), the four-
position selector valve (22), the outdoor heat exchanger
(14), the heating heat exchanger (71), the outdoor electri-
cally motorized expansion valves (EV-A, EV-B), the cooling
heat exchanger (72) and the heat exchanger (12) on the primary
heat source_side are connected to each other through the re-
frigerant pipe (16). More specifically, the pipe connected
to the heating heat exchanger (71) is branched into two, one
of which is connected to the cooling heat exchanger (72) via
the first outdoor electrically motorized expansion valve (EV-
A) and the othef of which is connected to the heat exchanger
(12) on the primary heat source side via the second elecfri—
cally motorized expansion valve (EV-B).

The gas side of the cooling heat exchanger (72) is con-
nected to the inlet side of the compressor (11). The gas side
of the heat exchanger (12) on the primary heat source side is
switched between the inlet side and the outlet side of the
compressor (11) via the four-position selector valve (22). A
check valve (CV6) allowing only the refrigerant to flow from

the outdoor heat exchanger (14) into heating heat exchanger
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(71) is provided for the pipe connecting the outdoor heat ex-
changer (14) and the heating heat exchanger (71) to each

other. A check valve (CV7) allowing only the refrigerant to

. flow from the heat exchanger (12) on the primary heat source

side into the four-position selector valve (22) is provided
for the pipe connecting the heat exchanger (12) on the primary
heat source side and the four-position selector valve (22) to
each other.

A fifth solenoid valve (8V5) is provided between the sec-
ond outdoor electrically motorized expansion valve (EV-B) and
the heating heat exchanger (71). The solenoid valve (SV5) and
the heating heat exchanger (71), ahd the heat exchanger (12)
on the primary heat source side and the check valve (CV7) are
connected through a gaseous refrigerant by-pass pipe (GBL). A
sixth solenoid valve (8V6) and a check valve (CV8) allowing
only the refrigerant to flow from the heating heat exchanger
(71) into the heat exchanger (12) on the primary heat source
side are provided for the gaseous refrigerant by-pass pipe
(GBL). The check valve (CV7) and the four-position selector
valve (22), and the check valve (CV6) and the heating heat ex-
changer (71) are connected through an outlet gas by-pass pipe

(OGL). A check valve (CV9) allowing only the outlet gas to

- flow toward the heating heat exchanger (71) is provided for

the outlet gas by-pass pipe (OGL).

Next, the secondary refrigerant circuit (B) will be de-
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scribed. It is noted that only the difference from the sec-
ondary refrigerant circuit (B) of the foregoing eleventh em-
bodiment will be described hereinafter.

As shown in Figure 28, in the secondary refrigerant cir-
cuit (B), a seventh solenoid valve (SV7) opening during the
room cooling rqnning and closing during the heating running
is provided between the fourth check ﬁalve (CVv4) of the liq-'
uid pipe (7) and the indoor heat exchanger (3), and an eighth
solenoid valve (SV8) opéniné during the room cooling running
and closing during the heating running is provided between
the third check valve (CV3) of the liquid pipe (7) and the
heat exchanger (1) on the secondary heat source side.

One end of a heating liquid pipe (34) on the recovery
side is connected betweén the seventh solenoid valve (8SV7) of
the liquid pipe (7) and the indoor heat exchanger (3). The
other end of the heating liquid pipe (34) on the recovery
side is connected between the third check valve (CV3) and the
eighth solenoid valve (SV8) in the liquid pipe (7). A ninth
solenoid valve (SV9) opening during the heating running and

closing during the cooling running is provided for the heat-

- ing liquid pipe (34) on the recovery side.

One end of a heating liquid pipe (35) on the supply side
is connected between the fourth check valve (Cv4) and the
seventh solenoid valve (8V7) in the liquid pipe (7). The oth-

er end of the heating liquid pipe (35) on the supply side is
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connected between the eighth solenoid valve.(SVS) of the lig-
uid pipe (7) and the heat exchanger (1) on the secondary heat
source side. A tenth solenoid valve (SV10) opening during
the heating running and closing during the cooling running is
provided for the heating liquid pipe (35) on the supply side.
The other arrangements are the same as those of the eleventh
embodiment described above.

Hereinafter, the room cooling and heating running opera-
tions will be described.

During the cooling running, firstly, in the primary re-
frigerant circuit (A), the four-position selector valve (22)
is switched to the direction indicated by the solid lines,
the fifth solenoid valve (8V5) is opened and the sixth sole-
noid valve (8v6) is closed. On the other hand, in the secon-
dary refrigerant circuit (B), the seventh solenoid valve
(Sv7) and the eighth solenoid valve (SvV8) are opened and the
ninth solenoid valve (SV9) and the tenth solenoid valve
(SV10) are closed.

In such a state, as indicated by the solid-line arrows
in Figure 28, a high-temperature, high-pressure gaseoﬁs re-
frigerant discharged from the compressor (11) is condenéed in
the outdoor heat exchanger (14) and the heating heat ex-
changer (71) in the primary refrigerant circuit (A). Thereaf-
ter, the refrigerant is distributed into the cooling heat ex~

changer (72) and the heat exchanger (12) on the primary heat
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source side. The pressure of the refrigerant is reduced in the
respective outdoor eiectrically motorized expansion valves
(EV-A, EV-B). Then, in the cooling heat exchanger-(72), the
refrigerant exchanges heat with the refrigerant in the circu-
lating condenser (61). And in the heat exchanger (12) on the
primary heat source side, the refrigerant exchanges heat with
the refrigerant in the heat exchanger (1) on the secondary
heat source side. Then, these refrigerants are evaporated.
The evaporated refrigerants return to the compressor_ (11).
This circﬁlation operation is repeated.

on the other hand, in the secondary refrigerant circuit
(B), a pressurizing operation and a pressure reducing opera-
tion are repeatedly performed on the tank (T) in the same way
as described above. Thus, as a result of the pressurizing op-
eration, the liquid fefrigerant is pushed out from the tank
(T) and the pressure thereof is reduced in the indoor electri-
cally motorized expansion valve (EV1l) as indicated by the sol-
id line arrows in Figure 28. Then, the refrigerant exchanges
heat with the indoor air and is evaporated in the indoor heat
exchanger (3), thereby cooling the indoor air. Thereafter,
the refrigerant'is condensed in the heat exchanger (1) on the
secondary heat source side. And, as a result of the pressure
reducing operation, the condensed liquid refrigerant is recov-
ered into the tank (T). By repeating pressurization and pres-

sure reduction in such a manner, the refrigerant is circulated
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in the secondary refrigerant circuit (B), thereby cooling the
indoor air.

Next, the room heating running will be described.

During the heating running, firstly, in the primary re-
frigerant circuit (A), the four-position selector valve (22)
is switched to thé directiqn indicated by the broken lines,
the sixth solenoid valve (S8V6) is opened and the fifth sole-~
noid valve (SV5) is closed. On the other hand, in the sécon—
dary refrigerant circuit (B), the seventh solenoid ' valve
(8v7) and the eighth solenoid valve (SV8) are closed and the
ninth solenoid valve (SV9) and the tenth solenoid valve
(SV10) are opened.

In such a state, as indicated by the broken-line arrows
in Figure 28, a high-temperature, high-pressure gaseous re-
frigerant discharged from the compressor (11) exchanges heat
with the refrigerant in the circulating evaporator (51) in
the heating héat exchanger (71), thereby chénging the sensi-
ble heat in the primary refrigerant circuit (A). Thereafter,
the gaseous refrigerant flows through the gaseou; refrigerant
by~pass pipe (GBL) and the heat exchanger (12) on the primary
heat source side,. in. which the refrigerant exchanges heat
with the refrigerant in the heat exchanger (1) on the secon-
dary heat source side and is condensed. A part of the con-
densed liquid refrigerant is evapofated in the outdoor heat

exchanger (14) and returns to the compressor (11) via the
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four-position selector valve (22). The pressure of the other

' liquid refrigerant is reduced in the first outdoor electri-

cally motorized expansion valve (EV-A). Then, in the cooling
heat exchanger (72), the refrigerant exchanges heat with the
refrigerant in the circulating condenser (61) and is evapo-
rated to return to the compressor (1l1). This circulation op-
eration is repeated.

Oon the other hand, in the secondary refrigerant circuit
(B), a pressurizing operation and a pressure reducing opera-
tion are repeatedly performed on the tank (T) in the same way
as described above. Thus, as a result of the pressurizing op-
eration, the liquid refrigerant is pushed out from the tank
(T), flows through the heating liquid pipe_(35) on the supply
side and the heat exchanger (1) on the secondary heat source
side and is evaporated és indicated by the broken-line arrows
in Figure 28. Thereafter, in the indoor heat exchanger (3),
the refrigerant exchanges heat with the indoor air and is con-
densed, thereby heating the indoor air. Then, as a result of
the pressure reducing operation, the condensgd liquid refrig-
erant is recovered into the tank (T) through the heating lig-
uid pipe (34) on the recovery side. By repeating pressuriza-
tion and pressure. reduction in such a manner, the refrigerant
is circulated ‘in the secondary refrigerant circuit (B), there-

by heating the indoor air.
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(Eighteenth Embodiment)

Next, the eighteenth embodiment of the present invention
will be described. It is noted tﬁat this embodiment is also
applied to an air conditioning system of a heat pump type.
Since the primary refrigerant circuit (A) is the same as that
of the seventeenth embodiment described above, the descrip-
tion thereof will be omitted herein. As for the secondary
refrigerant circuit (B), only the difference from that of the
seventeenth embodiment will be described.

As shown in Figure 29, the secondary refrigerant circuit
(B) includes a four-position selector valve (10) in the liqg-
uid pipe (7). Specifically, the four-position selector valve
(10) is connected to a first liquid pipe (7A) extending from
the liquid side of the heat exchanger (1) on the secondary
heat source side, to a second and a third liquid pipe (7B, 7C)
extending from the tank (T) and to a fourth liquid pipe (7D)
extending from the liquid side of the indoor heat exchanger
(3). This switches the states how the refrigerant pushed out
from the tank (T) is supplied to the heat exchanger (1) on the
secondary heat source side and the indoor heat exchanger (3).

Hereinafter, the room cooling. and heating running will
be described.

First, during the cooling running, the four-position se-
lector valve (22) is switched to the direction indicated by

the solid lines in the piimary refrigerant circuit (A) in the
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same way as in the seventeenth embodiment described above.
On the other hand, iﬁ the secondary refrigerant circuit (B),
the four-position selector valve (22) is also switched to the
direction indicated by the solid lines. In such a state,
pressurization and pressure reduction .' are repeated by the
pressurizing circuit (50) and the pressure reducing circuit
(60). As a result, the refrigerant circulates in the secon-
dary refrigerant circuit (B) as indicated by the solid-line
arrows in Figure 29, thereby cooling the indoor air.

Oon the other hand, during the room heating running, both
the four-position selector valves (22, 10) are switched to
the direption indicated by the broken lines. In such a state,
pressurization and pressure reduction are repeated by the
pressurizing circuit (50) and the pressure reducing circuit
(60). As a result, in the secondary refrigerant circuit (B),
the refrigerant circulates in the opposite direction t§ that
of the cooling running as indicated by the broken-line arrows

in Figure 29, thereby heating the indoor air.

(Nineteenth Embodiment)

Next, the nineteenth embodiment of the present invention
will be described with reference to Figures 30 to 32. It is
noted that this embodiment is also applied to an air condi-
tioning system of a heat pump type.

First, the primary refrigerant circuit (A) is construct-
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ed such that the compressor (11), the four-position selector
valve (22), the outdoor heat exchanger (14), the heating heat
exchanger (71), the first and the second outdoor electrically
motorized expansion valves (EV-A, EV-B), the cooling heat ex-
changer (72) and the heat exchénger-(lZ) on the primary heat
source side are connected to each other through the refrigef-
ant pipe (16) in the same way as in the seventeenth embodi-
ment described above. |

More specifically, the gas side of the outdoor heat ex-
changer (14) is switched between the inlet side and the outlet
side of the compressor (11) via the four-position selector
valve (22). The outdoor heat exchanger (14) is connected to
the heating heat exchanger (71) through a cooling gas supply
pipe (CGL). A check valve (CVl1l) allowing only the refrigerant
to flow toward the heating heat exchanger (71) is provided for
the cooling gas supply pipe (CGL). The liquid side of the
heating heat exchanger (71) is branched into a first and a
second liquid branch pipe (LSL-1, LSL-2) via a first solenoid
valve (8Vl1l). The first branch pipe (LSL-1) is connected to
the cooling heat exchanger (72) via the first outdoor electri-
cally motorized expansion valve (EV-A) and the second branch
pipe (LSL-2) is connected to the heat exchanger (12) on the
primary heat source side via the second outdoor electrically
motorized expansion valve (EV-B).

The gas side of the cooling heat exchanger (72) is con-
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nected to the inlet side of the cbmpressor (11). The gas side
of the heat exchanger (12) on the primary heat source side is
connected to the four-position selector valve (22) via a check
valve (CV2) and is Switched between the inlet side and the

outlet side of the compressor (11) via the four-position se-

. lector valve (22).

The second branch pipe (LSL-2) and the outdoor heat ex-
changer (14) are connected to each othér. through a heating
liquid pipe (WLL), which is provided with a check valve (CV3)
allowing only the refrigerant to flow toward the outdoor heat
exchanger (14).

The heating heat exchanger (71) and the first solenoid
valve (SV1), and the heat exchanger (12) on the primary heat
source side and the check valve (CV2) are connected through a
heating gas supply pipe (WGL). A check valve (CvV4) allowing
only the liquid refrigerant to be supplied to the heat ex-
changer (12) on the primary heat source side and a second so-
lenoid valve (8V2) are provided for the heating gas supply
pipe (WGL). The check valve (CV2) and the four-position se-
lector valve (22), and the check valve (CVl) and the heating
heat exchanger (71) are connected through an.outlet gas by-
pass pipe (GPL). A check valve (CV5) allowing only the re-
frigerant to flow toward the heating heat exchanger (71) is
provided for the outlet gas by-pass pipe (GPL).

Next, the secondary refrigerant circuit (B) will be de-
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scribed.

The secondary refrigerant circuit (B) includes: a circu-~
lating evaporator (51) for exchanging heat with the heating
heat exchanger (71); a circulating condenser (61) for exchang-
ing heat with the cooling heat exchanger (72); a heat ex-
changer (1) on the secondary heat source side for exchanging
heat with the heat exchanger (12) on the primary heat source
side; a plurality of indoor heat exchangers (3, 3, 3) and in-
door electrically motorized expansion valves (EV1l, EV1l, EV1)
that are connected in parallel to the heat exchanger (1) on
the secondary heat source side through a gas pipe (6) and a
liguid pipe (7); two main tanks (Tl1, T2); and two sub-tanks
(ST1, ST2).

Specifically, the gas supply pipe (52) connected to the
upper end of the cir¢u1ating evaporator (51) is branched into
four branch pipes (52a to 52d), which are individually con-
nected to the upper ends of the respective main tanks (T1, T2)
and the respective sub-tanks (ST1l, ST2). A first to a fourth
tank pressurizing solenoid valve (SV-P1l to SV-P4) are provided
for the branch pipes (52a to 52d), réspectively.

The liquid recovéry pipe (53) connected to the lower end
of the circulatihg evaporator (51) is branched into two branch
pipes (53a, 53b), which are individually connected to the low-
er ends of the respecfive sub-tanks (ST1l, 8T2). Check valves

(CV6, CV6) allowing only the refrigerant to flow out from the

150



10

15

sub-tanks (ST1, ST2) are provided for these branch pipes (53a,
53b), respectively.

Oon the othe: hand, the gas recovery pipe (62) connected
to the upper end of the circulating condenser (61) is branched

into four branch pipes (62a to 62d4), which are individually

‘connected to the upper ends of the respective main tanks (T1,

T2) and the respective sub-tanks (ST1, ST2). A first to a
fourth tank pressure reducing solenoid valve (SV-V1 to SV-V4)
are provided for these branch pipes (62a to 62d), respec-
tively.

The liquid Supply pipe (63) connected to the lower end of
the circulating condenser (61) is branched into two branch
pipes (63a, 63b), which are individually connected to the low-
er ends of the respective main tahks (T1, T2). Check valves
(CV7, CV7) allowing only the refrigerant to be recovered into
the main tanks (T1l, T2) are provided for these branch pipes
(63a, 63b), respectively.

The liquid pipe (7) extending from the indoor heat ex-
changér (3) is branched into a first and a second liquid pipe
(7A, 7B). The firét bfanched liquid pipe (7A) is connected to
the respective branch pipes (63a, 63b) via the third solenoid
valve (8V3). The second branched liquid pipe (7B) is connect-
ed to the liquid side of the heat exchanger (1) on the secon-
dary heat source side via the fourth solenoid valve (Sv4) and

the fifth solenoid valve (SV5). The lower ends of the respec-

151



10

15

20

tive main tanks (Tl1l, T2) and the respective sub-tanks (ST1,
ST2) are connected between the fourth solenoid valve (SvV4) and
the fifth solenoid valve (SV5) in the second branched liquid
pipe (7B) through the connecting pipes (17a to 17d), respec-
tively.

Check valves (Cv8, CV8, ..) allowing only the refrigerant
to flow from the respective main tanks (Tl1, T2) and the re-
spective sub-tanks (ST1l, ST2) toward the second branched 1lig-
uid pipe (7B) are provided for the connecting pipes (17a to
17d), respectively. The branch pipes (63a, 63b) are connected
between the fifth solenoid valve (SV5) and the heat exchanger
(1) on the secondary heat source side in the second branched
liquid pipe (7B) through the cooling 1liquid recovery pipe
(CLL), which is provided with a sixth solenoid valve (SV6).

Hereinafter, the room cooling and heating running opera-
tions will be described.

During the cooling running, first, the four-position se-
lector valve (22) is switched to the direction indicated by
the solid lines, the first solenoid valve (SV1l) is opened and
the second solenoid valve (8V2) is closed in the primary re-
frigerant circuit (A). On the other hand, in the secondary re-
frigerant circuit (B), the first and the third tank pressuriz-
ing solenoid valves (8V-Pl, SV-P3), the second and the fourth
tank pressure reducing solenoid valves (sv-vz, Sv-v3), the

fourth solenoid valve (SV4) and the sixth solenoid valve (SV6)
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are opened, and the second and the fourth tank pressurizing
solenoid valves (SV-P2, SV-P4), the first and the third tank
pressure reducing solenoid valves (SV-V1, SV-V3), the third
solenoid valve (SV3). and the fifth solenoid valve (8V5) are
closed.

In such a state, in the primary refrigerant circuit (A),
a high—temperatuie, high-pressure gaseous refrigerant dis-
charged from the compressor (11) sequentially flows through
the outdoor heat exchanger (14) and the heating heat ex-
changer (71) and is condensed, as indicated by the solid-line
arrows in Figure 31. Thereafter, the refrigerant is distrib-
uted into the cooling heat exchangef (72) and the heat ex-
changer (12) on the primary heat source side. The pressure of
the refrigerant is reduced in the respective outdoor electri-
cally motorized expansion valve (EV-A, EV-B). Then, in the
cooling heat exchanger (72), the refrigerant exchanges heat
with the refrigeraﬁt in the circulating condenser (61). And
in the heat exchanger k12) on the primary heat source side,
the refrigerant exchanges heat with the refrigerant in the
heat exchanger (1) on the secondary heat source side. Then,
these refrigerants are evaporated.. .. The evaporated refriger-
ants return to the compressor (11); This circulation opera-
tion is repeated. |

On the other hand, in the éecondary refrigerant circuit

(B), the internal pressures of the first main tank (T1) and
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the first sub-tank (8T1) become high, whereas the internal
pressures of the second main tank (T2) and the second sub-
tank (ST2) become low. Thus,.as indicated by the solid-line
arrows in Figure 31, the liquid refrigerant pushed out from
the first main tank (T1) is passed through the second branched
liguid pipe (7B). The pressure of the refrigerant is reduced
in the indoor electrically motorized expansion valve (EV1).
Then, in the indoor heat exchanger (3), the refrigerant ex-
changes heat with the indoor air and is evaporated, thereby
cooling the indoor air. Thereafter, the refrigerant is con-
densed in the heat exchanger (1) on the secondary heat source
side, passed through the cooling liquid recovery pipe (CLL)
and then recovered into the second main tank (T2). On the oth-
er hand, sinée the pressure of the first sub-tank (ST1l) is
equalized with that of the circulating evaporator (51), the
liquid refrigerant in the first sub-tank (ST1) is supplied to
the circulating evapdrator (51) as indicated by the broken-
line arrows in Figure 31. Furthermore, in the meantime, a
part of the refrigerant flowing through the second branched
liguid pipe (7B) is recovered into the second sub-tank (ST2).
After sugh an operation has been performed for a prede-
termined period of time, the reséective solenoid valves in
the secondary refrigerant circuit (B) are switched. Specifi-
cally, the first and the third tank preésurizing solenoid

valves (SV-Pl, SV-P3) and the second and the fourth tank pres-
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sure reducing solenoid valves (8V-V2, SV-V3) are closed, and
the second and the fourth tank pressurizing solenoid valves
(Sv-P2, SV-P4) and the first and the third tank pressure re-
ducing solenoid valves (8V-Vl1l, SV-V4) are opened. As a re-
sult, the internal pressures of_the first main tank (T1) and
the first sub-tank (8T1) become low, whereas the internal
piessures of the second main tank (T2) and thé second sub-
tank (8T2) become high. Thus, a refrigerant circulation state
is established in whicﬁ the liquid refrigerant pushed out from
the second main tank (T2) is circulated and then recovered in-
to the first main ténk (T1). Moreover, the liquid refrigerant
in the second sub-tank (S8T2) is supplied to the circulating.
evaporator (51) and a part of the refrigerant flowing through
the second branch pipe (7B) is recovered into the first sub-
tank (ST1).

By repeating the switching operations of the solenoid
valves, the refrigerant circulates in the secondary refriger-
ant circuit (B), thereby cooling the indoor air.

Next, the room heating running will be described.

buring the heating running, firstly, the four-position
selector valve (22) is switched.to the direction indicated by
the broken lines, the second solenoid valve (SV2) is opened
and the first solenoid valve (SV1) is closed in the primary
refrigerant circuit (A). On the other hand, in the secondary

refrigerant circuit (B), the third solenoid valve (SV3) and
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the fifth solenoid valve (SV5) are opened and the fourth sole-
noid valve (8v4) and the sixth solenoid valve (8SV6) are
closed. In such a-state, the opening/closing operations of
the other solenoid valves are repéated.

Specifiéally, in the same way as in the above-described
cooling running, a state where the first and the third tank
pressurizing solenoid valves (SV-Pl, sV-PB) and the second and
the fourth tank pressure reducing solenoid valves (SV-V2, SV-
V3) are opened and the second and the fourth tank pressurizing
solenoid valves (SV-P2, SV-P4) and the first and the third
tank pressure reducing solenoid valves (SV-Vl1l, S8V-V4) are
closed, and an opposite state where the first and the third
tank pressurizing solenoid valves (SQ-PI, Sv-P3) and the sec-
ond and the fourth tank pressure reduéing solenoid valves (SV-
V2, 8V-V3) are closed and the second and the fourth tank pres-
surizing soienoid valves (SV-P2, SV-P4) and the first and the
third tank pressure reducing solenoid valves (SV~V1, SV-V4&)
are opened, are alternately switched.

As a result, as indicated by the solid-line arrows in
Figure 32, a high-temperature, high-pressure gaseous refrig-
erant discharged from the compressor (11) is passed through
the outlet gas by-pass pipe (GPL) and exchanges heat with the
refrigerant in the circulating evaporator (51) in the heating
heat exchanger (71), thereby changing the sensible heat in

the primary refrigerant circuit (A). Thereafter, the gaseous
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refrigerant flows through the heating gas supply pipe (WGL)
and the heat exchanger (12) on the primary heat source side,
in which the refrigerant exchanges heat with the refrigerant
in the heat exchanger (1) on the secondary heat source side
and is condensed. The pressure of the condensed liquid re-
frigerant is reduced in the second outdoor electrically mo-
torized expansion valve (EV-B). Then, the refrigerant is
distributed to flow througﬁ the cooling heat exchanger (72)
and the outdoor heat exchanger (14).' In the cooling heat ex-

changer (72), the refrigerant exchanges heat with the refrig-

~erant in the circulating condenser (61). In the outdoor heat

exchanger (14), the refrigerant exchanges heat with the out-
door air. Then, these refrigerants are evaporated to return
to. the compressor (11). This circulation operation is re-
peated.

On the other hand, in the secondary refrigerant circuit
(B), in the state whére the internal pressures of the first
main tank (T1) and the first sub-tank (8T1) are high and the
internal pressures of the second main tank (T2) and the second
sub-tank (ST2) are low, for example, the liquid refrigerant
pushed out from the first mmiﬁ tank (T1) flows through the
second branched liquid pipe (7B) toward the heat exchanger (1)
on the secondary heat source side, is evaporated in the heat
exchanger (1) on the secondary heat source side, condensed in

the indoor heat exchanger (3) and then recovered into the sec-
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ond main tank (T2) through the first branched 1liquid pipe
(7n), as indicated by the solid-line arrows in Figure 32. 1In
this case, as indicated by the broken-line arrows in Figure
32, the liquid refrigerant in the first sub-tank (ST1l) is also
supplied to the circulating evaporator (51) and the refriger-
ant has been recovered into the Secohd sub-~tank (S8T2) through
the second branched liquid pipe (7A). Then, the switching op-
erations of the solenoid valves are repeated in the above-
described.manner and the refrigerant circulates in the secon-

dary refrigerant circuit (B), thereby heating the indoor air.

(Twentieth Embodiment)

Next, the twentieth embodiment of the present invention
will be described with reference to Figures 33 to 35. It is
noted that this embodiment is also applied to an air condi-
tioning system of a heat pump type and that main arrangements
are the same as those of the nineteenth embodiment. Thus, on-
ly the difference from the nineteenth embodiment will be de-
scribed hereinafter.

The primary refrigerant circuit (A) includes not only an
electrically motorized expansion valve (EV-C) but also a by-
pass pipe (BPL) for by-passing thé electrically motorized ex-
pansion valve (EV-C) between the heating heat exchanger (71)
gnd the first solenoid valve (SVl). A capillary tube (CT) is

provided for the by-pass pipe (BPL). The capillary tube (CT)
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is provided for the liquid side of the heat exchanger (12) on
the primary heat source side, instead of the electrically mo-
torized expansion valve (EV-B). The other arrangements are
substantially the same as those of the nineteenth embodiment
described above.

On the other hand, in the secondary refrigerant circuit
(B), the upper end of the first sub-tank (ST1l) is connected
to the upper end of the first main tank (Tl1l) and the upper
end of the first sub-tank (ST1l) is connected to the upper end
of the first main tank (T1). Only by performing the switching
operations of the solenoid valves (SV;PI, SV-P2, SV-V1, SV-V2)
for switching the connection states of the circulating evapo-
rator (51) and the circulating condenser (61) to the respec-
tive main tanks (T1l, T2), the connection states of the circu-
lating evaporator (51) and the circulating condenser (61) to
the respective sub-tanks (ST1, ST2) are switched. The con-
necting pipes (17a, 17b) coupled to the respective main tanks
(Tl, T2) are partially branched inté the branch pipe (17a-A,
17b-A) and are connected to the first liquid pipe (7A) through
the check valves (CV9, CV9). The other arrangements are sub-
stantially the same as. those of the nineteenth embodiment de-
scribed above.

The refrigerant circulates as indicated by the arrows in
Figure 34 to perform the room cooling during the cooling run-

ning of the refrigerant circuit of this embodiment, and cir-
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culates as indicated 5y the arrows in Figure 35 to perform
the room heating during the heating running thereof. Since
these refrigerant circulation operations are substantially
the same as those of the nineteenth embodiment described
above, the details thereof will be omitted herein. It is
noted that during the cooling running, the electrically mo-
torized expansion valve (EV-C) is closed and the préssure of
the refrigerant is reduced by the capillary tube (CT) in the
primary refrigerant circuit (A). On the other hand, during
the heating' running, the electrically motorized expansion
valve (EV-C) is opened and the refrigerant flows through the
heat exchanger (12) on the primary heat source side without
reducing the pressure thereof.

In the secondary refrigerant circuit (B), the refriger-
ant condensed in the heat exchanger (1) on the secondary heat
source side is recovered into the main tank (T2) through the
first liquid pipe (7A) and the branch pipe (17b-A) during the
cooling running; On the other hand, during the heating run-
ning,'the refrigerant condensed in the indoor heat exchanger
(3) is recovered into the main tank (T2) through the first

liquid pipe (7A) and the branch pipe (17b-A).

(Twenty-first Embodiment)
Next, the twenty-first embodiment of the present inven-

tion will be described. It is noted that this embodiment is
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also applied to an air conditioning system of a heat pump ty-
pe and that the main arrangements are the same as those of
the twentieth embodiment described above. Thus, only the dif-
ference from the twentieth embodiment will be described here-
inafter.

The primary refrigerant circuit (A) is not provided with
the heating gas supply pipe (WGL) unlike that of the twenti-
eth embodiment described above. Mbreo?ér, no check valve is
provided for the pipe connecting the heat exchanger (12) on
the primary heat source side and the four-position selector
valve (22).

In the secondary refrigerant circuit (B), as for the con-
nection states of the circulating evaporator (51) and the cir-
culating condenser (61) to the upper ends of the respective
main tanks (T1, T2) and the respective sub-tanks (ST1l, ST2),
those of the nineteenth embodiment described above are also
employed herein.

Furthermore, in this embodiment, the evaporating tem-
perature of the circulating evaporator (51) is set higher
than the evaporating temperature of the heat exchanger (1) on

the secondary heat source side during the heating running.

"That is to say, in the same way as setting the condensing

temperature of the circulating condenser (61) lower than the
condensing temperature of the heat exchanger (1) on the sec-

ondary heat source side in the first embodiment, the powers
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of the heat exchangers are differentiated.

Specifically, the first gas supply pipe (GL-~1) coupled
to the heating heat exchanger (71) and the second gas supply
pipe (GL-2) coupled to the heat exchanger (12) on the primary
heat source side have respectively different pipe diameters,
and the flow rate of the first gas supply pipe (GL-1) is set
smaller than the flow rate of the second gas supply pipe (GL-
2) by a predetermined ratio. On the other hand, the heat ex-
change area between the heating heat exchanger (71) and the
circulating evaporator (51) is set smaller than the heat ex-
change area between the heat exchanger (12) on the primary
heat source side and the heat exchanger (1) on the secondary
heat source side, and the ratio is set smaller than the above-
described predetermined ratio.

Specifically, fbr‘example, if the ratio of the flow rate
of the first gas supply pipe (GL-1) to the flow rate of the
second gas supply pipe (GL-2) is 1:10, then the ratio of the
heat exchange area between the heating heat exchanger (71)
and the circulating evaporator (51) to the heat exchange area
between the heat exchanger (12) on the primary heat source
side and the heat exchanger (1).on the secondary heat source
side is set at 2:10. Thus, in respect of the power as a heat
exchanger with respect to the flow rate of a refrigerant, the
circulating evaporator (51) is superior to the heat exchanger

(1) on the secondary heat source side. Thus, the evaporating
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temperature of the circulating evaporator (51) becomes higher
than the evaporatiﬁg temperature of the heat exchanger (1) on
the secondary heat source side. Consequently, the internal
pressure of the circulating evaporator (51) becomes higher
than the internal pressure of the heat exchanger (1) on the
secondary heat source side. During the heating runﬁing, the
liquid refrigerant is pushed out from the main tanks (T1, T2)
toward the heat exchanger (1) on the secondary heat source
side. The other arrangements are the same as those of the
twentieth embodiment described above. |

And, during the cooling running of the refrigerant cir-
cuit of this embodiment, the refrigerant circulates in the re-
spective refrigerant circuits (A, B) as indicated by the ar-
rows in Figure 37, thereby cooling the indoor air. Since the
refrigerant circulation operation is substantially the same as
that of the nineteenth embodiment or the twentieth embodiment
described above, the details thereof are omitted herein.

On the other hand, in the primary refrigerant circuit
during the heating running, the refrigerant discharged from
the compressor (11) is distributed into and condensed in the
heating heat exchanger (71) and the heat exchanger (12) on the
primary heat source side as indicated by the arrows in Figure
38. And, the refrigerant condensed in the heating heat ex-
changer (71) flows'through the branch pipe (LSL-1) and the

cooling heat exchanger (72), exchanges heat with the circulat-
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ing condenser (61) and is evaporated to return to the compres-
sor (11). On the other hand, the refrigerant condensed in the

heat exchanger (12) on the primary heat source side flows

through the heating liquid pipe (WLL) and the outdoor heat ex-

changer (14), exchanges heat with the outdoor air and is
evaporated to return to the compressor (11).

In the secondary refrigerant circuit (B), the refrigerant
circulates as indicated by the arrows in Figure 38, thereby
heating the indoor air. Since the refrigerant circulation op-
eration in the secondary refrigerant circuit (B) is substan-
tially the same as that of the nineteenth embodiment or the
twentieth embodiment described above, the details thereof are

omitted herein.

(Other Embodiments)

In the foregoing embodiments, the heat transport system
of the present invention has been described as being applied
to refrigerant circuitry for an air conditioning system.
However, the present invention is not limited thereto, but is
applicable to various other types of refrigerating machines.

In the first to the tenth embodiments, the tank (T) is
connected to the liquid pipe (7) through the connecting pipe
(17). -Alternarively, the tank (T) may be directly connected
to thé liquid pipe (7).

Moreover, in some of the above-described embodiments in
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which a plurality of tanks (T1, T2) and/or a plurality of
sub~tanks (ST1, ST2) ére provided, three or more tanks and/or
sub-~tanks may be provj.ded. That is to say, two or more first
tanks (Tl1) and first sub-tanks (ST1l) and two or more second
tanks (T2) and second sub-tanks (8T2) may be provided such
that each first tank (Tl) and each first sub-tank (STl1l) per-
form the same function and each second tank (T2) and each sec-

ond sub-tank (ST2) perform the same function.

INDUSTRIAL APPLICABILITY
As described above, the present invention is effectively
applicable to a heat transport system used as refrigerant
circuitry for an air conditioning system or the like, and more
particularly applicable to a heat transport system for trans-
porting heat by circulating a heat transport medium without

requiring any driving source such as a pump.
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CLAIMS

1. A heat transport system, characterized by comprising:

a refrigerant circuit (B) constituted such that heat ex-
change means (1) on a heat source side is connected to heat
exchange means (3) on an application side through a gas pipe
(6) and a liguid pipe (7) so as to circulate a refrigerant
therein, the heat exchange means (1) on the heat source side
exchanging heat with heat source means (A);

tank means (T) for communicating with the liquid pipe
(7) and reserving a liquid refrigerant therein;

pressure regulating means (18) for alternately perform-
ing a pressurizing operation for raising an internal pressure
of the tank means (T) and a pressure reducing operation for
lowering the internal pressure; and

refrigerant control means (H) for allowing only a supply
of the liguid refrigerant from the tank means (T) to any of
the heat exchange means to be an evaporator during the pres-
surizing operation of the pressure regulating means (18) and
allowing only a recovery of the liquid refrigerant from any
of the heat exchange means to be a condenser to the tank
means (T) during the pressure reducing operation thereof,
thereby circulating the refrigerant of the refrigerant cir-
cuit (B) and making the heat exchange means (3) on the appli-
cation side absorb or radiate heat.

2. The heat transport system of Claim 1, characterized
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in that the heat exchange means (3) on the application side
is an evaporator for absorbing heat,

and that the refrigerant control means (H)

allows the liquid refrigerant to be supplied from the
tank means (T) to the heat exchange means (3) on the applica-
tion side and prevents the liquid refrigerant from being sup-
plied from the tank means (T) to the heat exchange means (1)
on the heat source_side during the pressurizing operation of
the pressure regulating means (18), and

allows the liquid refrigerant to be recovered from the
heat exchange means (1) on the heat source side to the tank
means (T) and prevents the liquid refrigerant from being re-
covered from the heat exchange means (3) on the application
side to the tank means (T) during the pressure reducing op-
eration of the pressure regulating means (18).

3. The heat transport system of Claim 1, characterized
in that the heat exchange means (3) on the application side
is a condenser for radiating heat,

and that the refrigerant control ﬁeans (H)

allows the liquid refrigerant to be supplied from the
tank means (T) to the heat exchange means (1) on the heat
source side and prevents the liquid refrigerant from being
supplied from the tank means (T) to the heat exchange means
(3) on the application side during the pressurizing operation

of the pressure reqgulating means (18), and
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allows the liquid refrigerant to be recovered from the
heat exchange means (3) on the application side to the tank
means (T) and prevents the liquid refrigerant from being re-~
covered from the heat exchange means (1) on the heat source
side to the tank means (T) during the pressure reducing op-
eration of the pressure regulating means (18).

4. The heat transport system of Claim 1, 2'or 3, charac-~
terized in that the pressure regulating means (18) applies
heat to the refrigerant in the tank means (T) so as to raise
the internal pressure of the tank means (T) during the pres-
surizing operation, and extracts heat from the refrigerant in
the tank means (T) so as to lower the internal pressure of
the tank means (T) during the pressure reducing operation.

5. The heat transport system of Claim 4, characterized
in that the pressure regulating means (18) is heat exchange
means (18b), which is adjacent to tﬁe tank means (T) and
switchably performs a heating operation of applying heat to
the refrigeran£ in the tank means (T) and a cooling operation
of extracting heat from the refrigerant in the tank means
(D).

6. The heat transport system of Claim 4, characterized
in that the pressure regulating means (18) includes a refrig-
erant circuit (D) including: a compressor (Dl); a first heat
exchanger (D3); a_préssure reducing mechanism (D4); a second

heat exchanger (D5); and selector means (D2) for alternately
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switching connection states of the first heat exchanger (D3)
and the second heat exchaﬂger (D5) to an outlet side of the
compressor (D1),

and that the first heat exchanger (D3) exchanges heat
with the tank means (T) and heats and cools the refrigerant
in the tank means (T) in accordance with a switching opera-
tion of the selector means (D2).

7. The heat transport system of Claim 1, 2 or 3, charaé-
terized in that the pressure regulating means (18) includes
pressure generating means (18a, 18c, 19¢) coupled to the tank
means (T) through a pressure pipe (19), applies a high pres-
sure from the pressure generating means (18a, 18c, 19¢c) to
the inside of the tank means (T) during a pressurizing opera-
tion, and applies a low pressure from the pressure generating
means (18a, 18c, 19¢) to the inside of the tank means (T)
during a pressure réducing operation.

8. The héat transport system of Claim 7, characterized
in that the pressure generating means is a reservoir con-~
tainer (18a) in which a liquid refrigerant is reservable,

and that the pressure regulating means (18) applies heat
to the liquid refrigerant in the reservoir container (18a) so
as tolevaporate the liquid refrigerant and to raise an intér-
nal pressure of the reservoir container'(18a) during a pres-
surizing operation, and extracts heat'frqm a gaseous refrig-

erant in the reservoir container (18a) so as to condense the
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gaseous refrigerant and to lower the internal pressure of the
reservoir container (18a) during a pressure reducing opera-
tion.

9. The heat transport system of Claim 7, characterized
in that the pressure generating means is a compressor (18c),

and that a connection state of the pressure pipe (19) to
the compressor (18c) is switched to an outlet side and an in-~
let side of the compressor (18c) by selector means (I),

~and that the pressure regulating means (18) connects the
pressure pipe (19) to the outlet side of the éompressor (18c)
during a pressurizing operation and connects the pressure
pipe (19) to the inlet side of the compressor (18c) during a
pressure reducing operation in accordance with a switching
operation of the selector means (I).

10. The heat transport system of Claim 7, characterized
in that the pressure generating means is a heat .exchanger
{(19¢) in which a refrigerant is reservable,

and that the pressure requlating means (18) applies heat
to the refrigerant in the heat exchanger (19¢) so as to raise
an internal pressure.of the heat exchanger (19c) during a
pressurizing operation and extracts heat from the refrigerant
in the heat exchanger (19¢) so as to lower the internal pres-
sure of the heat exchanger (19¢) during a pressure reducing
operation.

11. The heat transport system of Claim 10, characterized
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in that the pressure regulating means (18) includes a refrig-
erant circuit (D) including: a compressor (Dl1l); a first heat
exchanger (D3); a pressure reducing mechanism (D4); a second
heat exchanger (D5); and selector means (D2) for alternately
switching connection states of the first heat exchanger (D3)
and the second heat exchanger (D5) to an outlet side of the
compressor (Dl),

and that the first heat exchangér (D3) exchanges heat
with the heat exchanger (19¢) and heats and cools the refrig-
erant in the heat exchanger (19c¢) in accordance with a
switching operation of the selector means (D2).

12. The heat transport system of Claim.2, characterized
in that the ref;igerant control means (H) is constituted by:

a first solenoid valve (SV-A), which is provided between
a connecting point of the tank means (T) to the liquid pipe
(7) and the heat exchange means (1) on the heat source side,
closes during the pressurizing operation of the pressure regu-
lating means (18) and opens during the pressure reducing op-
eration thereof; and

a second solenoid valve (8V-B), which is provided between
the connecting point of the tank means (T) to thelliquid pipe
(7) and the heat exchange means (3) on the application side,
opens during the pressurizing operation of the pressure regu-
lating means (18) and closes during the pressure reducing op-

eration thereof.
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- 13. The heat transport system of Claim 3, characterized

in that the refrigerant control means (H) is constitqted by:

a first solenoid valve (SV-A), which is provided between
a connecting point of the tank means (T) to the liquid pipe
(7) and the heat exchange means (1) on the heat source side,
opens during the pressurizing operation of the pressure requ-
lating means (18) and closes during the pressure reducing op-
eration thereof; and

a second solenoid valve (SV-B), which is provided between
the connecting point of the tank means (T) to the liquid pipe
(7) and the heat exchange means (3) on the application side,
closes during the pressurizing operation of the pressure regu-
lating means (18) and opens during the pressure reducing op-
eration thereof.

14. The heat transport system of Claim 2, characterized
in that the refrigerant control means (H) is constituted by:

a first check valve (CV1), which is provided between a
connecting point of the tank means (T) to the liquid pipe (7)
and the heat exchange means (1) on the heat source side and
allows only the liquid refrigerant to flow from the heat ex-
change means (1) on the heat source side to the tank means
(T); and

a second check valve (CV2), which is provided between
the connecting point of the tank means (T) to the liquid pipe

(7)‘and the heat exchange means (3) on the application side
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and allows only the liquid refrigerant to flow from the tank
means (T) to the heat exchange means (3) on the application
side.

15. The heat transport system of Claim 3, characterized
in that the refrigerant control means (H) is constituted by:

a first check valve (CV3), which is provided between a
connecting point of the tank means (T) to the liquid pipe (7)
and the heat exchange means (1) on the heat source side and
allows only the liquid refrigerant to flow from the tank means
(T) to the heat exchange means (1) on the heat source side;
and |

a second check valve (CVv4), which is provided between
the connecting point of the tank means (T) to the liquid pipe
(7) and the heat exchange means (3) on the application side
and allows only the.liquid refrigerant to flow from the heat
exchahge means (3) on the application side to the tank means
(T).

16. A heat transport system, characterized by compris-
ing:

a refrigerant circuit (B) conétituted such that heat ex-
change means (1) on a heat source side is connected to heat
exchange means (3) on an application side through a gas pipe
(6) and a liquid pipe (7) so as to circulate a refrigerant
therein, the heat exchange means (1) on the heat source side

exchanging heat with heat source means (A);
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at least one first tank means-(Ti)'and at least one sec-~
ond tank means (T2), which are connected in parallel to the
liquid pipe (7) and which reserve a liquid refrigerant
therein; |

pressure regulating means (18) for alternately switching
a first pressure state, in which an internal pressure of the
first tank means (T1) is raised and an internal pressure of
‘the second tank means (T2) is lowered, and a second pressure
state, in which the internal pressure of the first tank means
(Tl) is lowered and the internal pressure of.the second tank
means (r2) is raised; and

refrigerant control means (H) for supplying the liquid
refrigerant from the first tank means (T1) to any of the heat
exchange means to be aﬂ evaporator énd recovering the liquid
refriQerant from any of the heat exchange means to be a con-
denser to the second tank means (T2) during the first pres-
sure state of the pressure reqgulating means (18), and for.
supplying the liquid refrigerant from the second tank means
(T2) to any of the heat exchange means to be an evaporator
and recovering the liquid refrigerant from any of the heat
exchange means to be a condenser to the first tank means (T1)
during the second pressure state, thereby circulating the re-
frigerant of the refrigerant circuit (B) and making the heat
exchange means (3) on the application side continuously ab-

sorb or radiate heat.
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17. The heat transport system of Claim 16, characterized
in that the heat exchange means (3) on the application side
is an evaporator for absorbing heat,

and that the refrigerant control means (H) switches re-
frigerant flow states in the liquid pipe (7)

s0 as to supply the liquid refrigerant from the first
tank means (T1) to ihe heat exchange means (3) on the appli-
cation side and recover the liquid refrigerant from the heat
exchange means (1) on the heat source side to the second tank
means (T2) during the first pressure state of the pressure
regulating means (18), and

so as to supply the liquid refrigerant from the second
tank means (T2) to the heat exchange means (3) on the appli-
cation side and recover the liquid refrigerant from the heat
exchange means (1) on the heat source side to the first tank
means (Tl) during the second pressure state of the pressure
reqgulating means (18).

18. The heat transport system of Claim 16, characterized
in that the heat exchange means (3) on the application side
is a condenser for radiaiing heat,

and .that the refrigerant control means (H) switches re-
frigerant flow states in the liquid pipe (7)

so as to supply the liquid refrigerant from.the first
tank means (Tl1l) to the heat exchange means (1) on the heat

source side and recover the liquid refrigerant from the heat
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exchange means (3) on the application side to the second tank
means (T2) during the first pressure state of the pressure
regulating means (18), and

so as to supply the liquid refrigerant from the second
tank means (T2) to the heat exchange means (1) on the heat
soﬁrce side and recover the liquid refrigerant from the heat
exchange means (3) on the application side to the first tank
means (Tl) during the second pressure state of the pressure
regulating means (18).

19. The heat transport system of Claim 16, 17 or 18,
characterized in that the pressure regulating means (18) in-
cludes pressure genérating means (18A, 18B, D1, E1, E2) cou-
pled to the respective tank means (T1l, T2) through pressure
pipes (194, 19e), makes the pressure generating means (18A,
18B, D1, El1, E2) apply a high pressure to the inside of the
first tank means (T1l) and a low pressure to the inside of the
secoﬁd tank means (T2) during the first pressure state, and
makes the pressure generating means (18A, 18B, D1, El1, E2)
apply a high pressure to the inside of the second tank means
(T2) and a low pressure to the inside of the first tank means
(T1) during the second pressure state.

20. The heat transport system of Claim 19, characterized
in that the pressure generating means are a first reservoir
container (18A), which is connected to the first tank means

(T1) and in which a liquid refrigerant is reservable, and a
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second reservoir container (188), which is connected to the
second tank means (T2) and in which a liquid refrigerant is
reservable,

and that the pressure regulating means (18) applies heat
to the liquid refrigerant in the first reservoir container
(18aA) so as to evaporate the liquid refrigerant and to raise
an internal pressure of the reservoir container (18A) and ex-.
tracts heat from a gaseoué refrigerant in the second reser-
voir container (18B) so as to condense the gaseous refriger-
ant and to lower the internal pressure of the reservoir
container (18B) during the first pressure state, and the
pressure reqgulating means (18) applies heat to the liquid re-
frigerant in the second reservoir container (18B) so as to
evaporate the liquid refrigerant and to raise an internal
pressure of the reservoir container (18B) and extracts heat
from a gaseous refrigerant in the first reservoir container
(18A) so as to condense the gaseous refrigerant and to lower
the internal pressure of the reservoir.container (18A) during
the second pressure state.

21. The heat transport system of Claim 19, characterized
in that the pressure generating means is a compressor (D1),

and that switching of connection states of the first
tank means (Tl) and the second tank means (T2) to the com-
éressor (D1) is performed by making selecﬁor means (I) switch

the pressure pipes (19d, 19e) to an outlet side and an inlet
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side of the compressor (D1),

and that the pressure regulating means (18) connects the
outlet side of the compressor (DPl) to the first tank means
(Tl) and the inlet side of the compressor (Dl) to the second
tank means (T2) during the first pressure state, and connects
the outlet side of the compressor (Dl1) to the second tank
means (T2) and the inlet side of the compressor (D1l) to the
first tank means (T1) during the second pressure state.

22. The heat transport system of Claim 19, characterized
in that the pressure.generating means are a first heat ex-
changer (El), which is connected to the first tank means (T1)
and in which a refrigerant is reservable, and a second heat
exchanger (E2), which is connected to the second tank means
(T2) and in which a refrigerant is reservable,

and that the pressure regulating means (18) applies heat
to the refrigerant in the first heat exchanger (El) so as to
raise an internal pressure of the heat éxchanger (El) and ex-
tracts heat from the refrigerant in the second heat exchanger
(E2) so as to lower the internal pressure of the heat ex-
changer (E2) during the first pressure state, and the pres-
sure regulating means (18) applies heat to the refrigerant in
the second heat exchanger (E2) so as to raise an internal
pressure of the heat exchanger (Ezj and extracts heat from
the refrigerant in the first heat exchanger (El) so as to

lower the internal pressure of the heat exchanger (El1l) during
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the second pressure state.

23. The heat transport system of Claim 22, characterized
in that the pressure regulating means (18) includes a refrig-
erant circuit (D) including: a compressor (Dl); a firsf heat
exchanger (D3); a pressure reducing mechanism (D4); a second
heat exchanger (D5); and selector means (I) for alternately
switching connection states of the first heat exchanger (D3)
and the second heat exchanger (D5) to an outlet side of the
compressor (Dl1l),

and that the first heat exchanger (D3) exchanges heat
with the first heat exchanger (El1) connected to the first
tank means (T1), the second heat exchanger (D5) exchanges
heat with the second heat exchanger (E2) connected to the
second tank means (T2), and the heat exchangers (El1, E2) are
switched between the first pressure state and the second
pressure state in accordance with a switching operation of
the selector means (I).

24. The heat transport system of Claim 19, characterized
in that the pressﬁre generat;ng means is constituted by a
pressurizing heat exchanger (E2) to be heated by a heating
heat exchanger (D3) and_a'pressure reducing heat exchanger
(E1l) to be cooled by a cooling heat exchanger (D5),

and that the pressure regulating means (18) connects the
pressurizing heat exchanger (E2) to the first tank means (T1)

and the pressure reducing heat exchanger (E1l) to the second
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tank means (T2) during the first pressure state, and connects
the pressurizing heat exchanger (E2)lto the sécond tank means
(TZ) and the pressure reducing heat exchanger (El) to the
first tank means (Tl1) during the second pressure state.

25. The heat transport system of Claim 24, characterized
in that the pressure regulating means (18) includes a reffig;
erant circuit (D) formed by connecting a compressor (Dl), a
heating heat exchanger (D3), a pressure reducing mechani'sm
(D4) and a cooling heat exchanger (D5) in this oxrder through
a refrigerant pipe.

26. The heat transport system of Claim 1, characterized
in that the pressure regulating means (18) includes: pressur-
izing means (50) for performing a pressurizing operation of
pushing the liquid refrigerant in the tank means (T) to the
liquid pipe (7) by raising the internal pressure of the tank
means (T); and pressure reducing meahs (60) for performing a
pressure reducing operétion of recovering the liquid refrig-
erant from the liquid pipe (7) to the.tank means (T) by low-
ering the internal pressure of the tank means (T),

and that the pressuré reducing means (60) includes a
circulating condenser (61), which is connected to the tank
means (T) and which lowers the internal pressure of the tank
means (T) by condensing the refrigerant,

and that a condensing pressure of the circulating con-

denser (61) is set lower than a condensing pressure of the
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heat exchange means to be the condenser.

27. The heat transport system of Claim 1, characterized
in that the pressure requlating means (18) includes: pressur-
-izing means (50) for performing a pressurizing operation of
pushing the liquid refrigerant in the tank means (T) to the
liquid pipe (7)'by raising the internél pressure of the tank
means (T); and pressuré reducing means (60) for performing a
pressure reducing operation of recovering the liquid refrig-
erant from the liquid pipe (7) to the tank means (T) by low-
ering the internal pressure of the tank means (T),

and that the pressurizing means (50) includes a éircu-
lating evaporator (51), which is connected to the tank means
(T) and which raises the internal pressure of the tank means
(T) by evaporating the refrigerant,

and that an evaporating pressure of the circulating
evaporator (51) is set higher than an evaporating pressure of
the heat exchange means to be the evaporator.

28. The heat transport system of Claim 27, characterized
in that auxiliary tank means (ST) is provided above the cir-
culating evaporator (51),

and that selector means (I) is also provided for recov-
ering the liquid refrigerant in the liquid pipe (7) to the
auxiliary tank means (ST) by making the auxiliary tank means
(ST) communicate with the pressure reducing means (60) and

the liquid pipe (7) during the pressure reducing operation of
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the pressure reducing means (60) and for dripping and supply-
ing the liquid refrigerant in the auxiliary tank means (ST).
to the circulating evaporator (51) by making the auxiliary
tank means (ST) communicate with the pressurizing means (50)
during the pressurizing operation of the pressurizing means
(50). |

29. The heat transport system of Claim 27, characterized
in that at least one first auxiliary ténk means (ST1l) and at
least one second auxiliary tank means (ST2) are provided abo-
ve the circulating evaporator (51),

and that a selector means (I) is also providéd for se-
lecting a first selection state in which the liquid refriger-
ant in the liquid pipe (7) is recovered to the . first auxili-
éry tank means (STI)Iby making the first auxiliary tank means
(ST1) communicate with the pressure reducing means (60) and
the liquid pipe (7) and in which the liquid refrigerant in
the second auxiliary tank means (ST2) is dripped and supplied
to the circulating evaporator (51) by making the second aux-
iliary tank means (ST2) communicate with the pressurizing
means (50) or a second selection state in which the liquid
refrigeranf in the liquid pipe (7) is recovered to the second
auxiliary tank means (ST2) by making the second auxiliary
tank means (S8T2) communicate with the pressure reducing means
(60) and the ;iquid pipe (7) and in which the liquid refrig-

erant in the first auxiliary tank means (ST1) is dripped and
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supplied to the circulating evaporator (51) by making the
first auxiliary tank means (STl1l) communicate with the pres-
surizing means (50).

30. The heat transport system of Claim 16, characterized
in that the pressure regulating means (18) includes: pressur-
izing means (50) for performing a pressurizing operation of
pushing the liquid refrigerant in one of ﬁhe first tank means
(T1l) and the second tank means (T2) to the liquid pipe (7) by
raising the internal pressure of the one tank means (Tl or
T2); and pressure reducing means (60) for performing a pres-
sure reducing operation of recovering the liquid refrigerant
from the liguid pipe (7) to the other tank means (T2 or T1)
by lowering the internal pressure of the other tank means (T2
or T1),

and that the pressure reducing means (60) includes a
.circulating condenser (61), which is connected to the respec-
tive tank means (T1, T2) and which 1owers the internal pres-
sure of each said tank méans (T1, T2) by condensing the re-
frigerant,

and that a condensing pressure of the circulating con-
denser (61) is ser lower than a condensing pressure of the
heat exchange meéns to be the condehser,

and that the pressure regulating means (18) makes the
pressurizing means (50) pressurize the first tank means (T1)

and makes the pressure reducing means (60) reduce a pressure

183



______ —_——
—

RGO O i

of the second tank means (T2) during a first pressure state,
and the pressure regulating means (18) makes the pressurizing
means (50) pressurize the second tank means (T2) and makes
the pressure reducing means (60) reduce a pressure of the
first tank means (T1) during a second pressure state.

31. The heat transport system of Claim 16, characterized
in that the pressure regulating means (18) includes: pressur-
izing means (50) for performing a pressurizing operation of
pushing the liquid refrigerant in one of the first tank means
(T1) and the second tank means (T2) to the liquid pipe (7) by
raising the internal pressure of the one tank means (Tl or
T2); and pressure reducing means (60) for performing a pres-
sure reducing operafion of recovering the liquid refrigerant
from the liquid pipe (7) to the other tank means (T2 or T1)
by lowering the internal pressure of the othef tank means (T2
or Tl),

and that the pressurizing means (50) includes a circu-
. lating evaporator (51), which is connected to the respective
tank means (T1, T2) and which raises the internal pressure of
each said tank means (T1, T2) by evaporating the refrigerant,

and that an evaporating pressure of the circulating
evaporator (51) is set higher than an evaporating pressure of
the heat exchange means to be the evaporator,

and that the pressure regulating means (18) makes the

pressurizing means (50) pressurize the first tank means (7T1)
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and makes the pressure reducing means (60) reduce a pressure
of the second tank means_(TZ) during a first pressure state,
and the pressure regulating means (18) makes the pressurizing
means (50) pressurize the second tank means (T2) and makes
the pressure reducing means (60) reduce a pressure of the
first tank means (T1l) during a second pressure state.

32. The heat transport system of Claim 31, characterized
in that at least one first auxiliary tank means (8T1l) and at
least one second auxiliary tank means (ST2) are provided abo-
ve the circulating evaporator (51),

and that selector means (I) is also provided for select-
ing a first selection state in which the liquid refrigerant
in the liquid pipe (7) is recovered to the first auxiliary
tank means (ST1l) by making the first auxiliary tank means
(ST1) communicate with the pressufe reducing means (60) and
the liquid pipe (7) and in which the liquid refrigerant in
the second auxiliary tank means (8ST2) is dripped and sﬁpplied
'to the circulating.evaporator (51) by making the second aux-
iliary tank means (ST2) communicate with the pressurizing
means (50) or a second selection state in which the liquid
refrigerant in the liquid pipe (7) is recovered to the second
auxiliary tank means (ST2) by making the second auxiliary
tank means (ST2) communicate with the pressure reducing means
(60) and the liquid pipe (7) and in which the liquid refrig-

erant in the first auxiliary tank means (STl1l) is dripped and
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supplied to the circulating evaporator (51) by making the
first auxiliary tank means (ST1l) communicate with the pres-
surizing means (50).

33. The heat transpért system of Claim 26 or 30, charac-
terized in that the heat source means (A) includes: first
heat exchange means (12) for exchanging heat with the heat
exchange means (1) on the heat source side; and second heat
exchange means (72) for exchanging heat with the circulating
condenser (61),

and that during heat absorption running of the heat ex-
change means (3) on the application side, an evaporating tem-
perature'of the first heat exchange means (12) and an evapo-
rating temperature of the second heat exchange means (72) are
equal to each other but a ratio of a capacity of the circu-
lating condenser (61) to a flow rate of the refrigerant flow-
ing through the second heat exchange means (72) is set larger
than a ratio of a cabacity of the heat exchange means (1) on
the heat source side to a flow rate of the refrigerant flow-
ing through the first heat exchange means (12).

34. The heat transport system of Claim 27 or 31, charac-
terized in thaﬁ the heat source means (A) includes: first
heat exchange means (12) for exchanging heat with the heat
exchange means (1) on the heat source side; and second heat
exchange means (71) for exchanging heat with the circulating

evaporator (51),
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and that during heat radiation running of the heat ex-
change means (3) on the application side, a condensing tem-
perature of the first heat exchange means (12) and a con-
densing temperature of the second heat exchange means (71)
are equal to each other but a ratio of a capacity of the cir-
culating evaporator (51) to a flow rate of the refrigerant
flowing through the second heat exchange means (71) is set
larger than a ratio of a capacity of the heat exchange means
(1) on the heat source side to a flow rate of the refrigerant
flowing through the first heat exchange means (12).

35. The heat transport system of Claim 26 or 50, charac-
terized in that the pressure reducing means (60) includes: a
Igas recovering pipe (62) for connecting an upper end of the
tank means (T) to a gas side of the circulating condenser
(61); and a liquid supplying pipe (63) for connecting a lower
end of the tank means (T) to a liquid side of the circulating
condenser (1),

and that the liquid supplying pipe (63) is connected to
the lower end of the tank means (T) independent of the liquid
pipe (7).

36. The heat transport syétem of Claim 1 or 16, charac-
terized in that the pressure reqgulating means (18) includes:
pressurizing means (50) for performing a pressurizing opera-
tion éf pushing the liquid refrigerant in the tank means (T)

to the liquid pipe (7) by raising the internal pressure of
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the tank means (T); and pressure reducing means (60) for per-
forming a pressure reducing operation of recovering the lig-
uid refrigerant from the liquid pipe (7) to the tank means
(T) by lowering the internal pressure of .the tank means (T),

and that the pfeSsure reducing means (60) includes a
circulating condenser (61), which is connected to the tank
means (T) and which lowers the internal pressure of the tank
means.(T) by condensing the refrigerant,

and that the pressurizing means (50) includes a circu-
lating evaporator (51), which is conpected to the tank means
(T) and which raises the internal pressure of the tank means
(T) by evaporating the refrigerant,.

‘and that the heat source means (A) includes: first heat
exchange means (12) for exchanging heat with the compressor
(11) and the heat exchange means (1) on the heat source side;
second heat exchange means (72) for exchanging heat with the
éirculating condenser (61); and third héat exchange means
(71) for exchanging heat with the circulating evaporator
(51), and that, during heat radiation funning of the heat ex~
change means (3) on the application side, the heat source
means (A) makes the third heat exchange means (71) exchange
heat of the gaséous refrigerant discharged from the compres-
sor (11) with the circulating evaporator (51) so as to change
sensible heat of the refrigerant, makes the first heat ex-

change means (12) exchange heat with the heat exchange means
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(1) on the heat source side so as to condense the refriger-
ant, and then makes the second heat éxchange means (72) ex-
change heat with .thel circulating éondenser (61) so as to
evaporate the refrigerant.

37. The heat transport system of Claim 1 or 16, charac-
terized in that the pressure regulating means (18) includes:
pressurizing means (50) for performing a pressurizing opera-
tion of pushing the liquid refrigerant in the tank means (T)
to the liquid pipe (7) by raising the internal pressure of
the tank means (T); and pressure reducing means (60) for per-
forming a pressure reducing operation of recovering the liqg-
uid refrigerant from the liquid pipe (7) to the tank means
(T) by lowering the internal pressure of the tank means (T),

and that the pressure reducing means (60) includes a
cifculating condenser_(sl), which is connected to the tank
means (T) and which lowers the internal pressure of the tank
means (T) by condensing the refrigerant,

and that the pressurizing means (50) includes a circu-
lating evaporator (51), which is connected to the tank means
(T) and which raises the internal pressure of the tank means
(T) by evaporating the refrigerant,

and that the heat source means (A) includes: first heat
exchange means (12) for exchanging heat with the compressor
(11) and the heat exchange means (1) on the heat source side;

second heat exchange means (72) for.exchanging heat with the
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circulating condenser (61); and third heat exchange means

' (71) for exchanging heat with the circulating evaporator .

(51), and that, during heat radiation running of the heat ex-
change means (3) on the application side, the heat source
means (A) distributes the gaseous refrigerant discharged from
the compressor (11) to the third heat exchange means (71) and
the first heat exchange means (12), makes the third heat ex-
change means (71) exchange heat with the circulating evapora-
tor (51) so as fo condense the refrigerant, makes the first
heat exchange means (12) exchange heat with the heat exchange
means (1) on the heat source side so as to condense the re-
frigerant, and then makes the second heat exchange means (72)
éxchange heat of the condensed refrigerant with the circulat-

ing condenser (61) so as to evaporate the refrigerant.
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