10

15

20

25

SPECIFICATION

HEAT TRANSFER DEVICE

[Technical Field]

This dinvention relates to a heat transfer device
applicable for refrigerant circuitry of an air conditioner
and so on, and particularly relates to a device for
transferring heat in a manner of circulating refrigerant
without the need for a drive source such as a pump.

fBackground Art]

There is conventionally known refrigerant circuitry of
an air conditioner with two refrigerant circuits, for example,
as disclosed in Japanese Patent Application Laid-Open Gazette
No. 62-238951. The refrigerant circuitry of this type has a
primary refrigerant circuit formed such that a compressor,
a first heat source-~side heat exchanger, a pressure reduction
mechanism and a first user-side heat exchanger are
sequentially connected through refrigerant piping, and a
secondary refrigerant circuit formed such that a pump, a
second heat source-side heat exchanger and a second user-
side heat exchanger are sequentially connected through
refrigerant piping. Heat exchange is made between the first
user-side heat exchanger of the primarv refrigerant circuit
and the second heat source-side heat exchanger of the
secondary refrigerant circuit. The second user-side heat
exchanger is placed in a room to be air-conditioned.

In the air conditioner, during the operation of cooling
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the room, heat is exchanged between refrigerant evaporated
in the first user-side  heat exchanger and refrigerant
condensed in the second heat source-side heat exchanger, and
the condensed refrigerant is then evaporated in the second
user-side heat exchanger to cool the room.

On the other hand, during the operation of heating the
room, heat is exchanged between refrigerant condensed in the
first user-side heat exchanger and refrigerant evaporated in
the second heat source-side heat exchanger, and the evaporated
refrigerant is then condensed in the second user-side heat
exchanger to heat the room.

Thus, the piping length of the primary refrigerant
circuit is reduced thereby enhancing refrigerating capacity.

In the secondary refrigerant circuit of the air
conditioner above-mentioned, however, the pump is reguired
as a drive source for refrigerant circulation. This invites
inconveniences such as increase in power consumption. Further,
the addition of the drive source increases the number of
failure sites. This incurs an inconvenience of degraded
reliability of the overall device.

As a device capable of eliminating the above
inconveniences, there is a heat transfer device with no drive
source in the secondary refrigerant circuit, commonliy-called
non-power heat transfer type heat transfer device, as
disclosed in Japanese Patent Application Laid-Open gazette
No. 63-180022.

In such a heat transfer device, the secondary

refrigerant circuit is configured such that a heater, a
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condenser and a hermetically sealed enclosure are
sequentially connected through refrigerant piping. The
hermetically sealed enclosure is placed at a higher position
than the heater. Further, the heater and the hermetically
sealed enclosure are connected through a pPressure egualizing
pipe having a shut-off valve.

In the above heat transfer device, during the operation
of heating the room, the shut-off valve is first closed, gas
refrigerant heated in the heater is condensed in the condenser
so as to be liquefied, and the liquid refrigerant is recovered
to the hermetically sealed enclosure. Thereafter, the
shut-off wvalve is opened so that the heater and the
hermetically sealed enclosure is equalized in pressure
through the pressure equalizing pipe. Thereby, the liquid
refrigerant is returned from the hermetically sealed
enclosure located at the position higher than that of the
heater to the heater. In a manner that such an operation is
repeated, refrigerant circulates in the secondary
refrigerant circuit without the need for providing a drive
source such as a pump in the secondary refrigerant circuit.

- Problems to be solved -

In the above heat transfer device, however, when gas
refrigerant 1is introduced from the condenser into the
hermetically sealed enclosure, the pressure in the enclosure
rises so that excellent refrigerant circulation may be
prevented. To cope with this, gas refrigerant in the condenser
is required to be kept supercooled so as not to flow out of

the condenser.
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Further, in the above heat transfer device, the internal
structure of the hermetically sealed enclosure is improved
in order to suppress rise in pressure of the hermetically
sealed enclosure. However, the reliability of the effect
cannot sufficiently be ensured.

Furthermore, in order to introduce liquid refrigerant
into the hermetically sealed enclosure with reliability, the
condenser is required to be placed at a position higher than
that of the hermetically sealed enclosure. This adds many
constraints to the placement of elements. Accordingly, it is
difficult to apply the above device to large-scaled systems
and long-piping systems.

In view of the above problems, the present invention has
been made and therefore has its object of reducing constraints
to the placement of elements in a non-power heat transfer type
heat transfer device necessitating no drive source, thereby
providing the heat transfer device with high reliability and
general versatility.

[DPisclosure of Inventionl]

To attain the above object, in the present invention,
a heat source is composed of a hot heat source means and a
cold heat socurce means, both the heat source means are
connected through a gas flow pipe and a liquid flow pipe, and
the flow of refrigerant in the gas flow pipe and the liguid
flow pipe with respect to user-side means is changed so that
refrigerant is circulated. Further, gas refrigerant flowing
out of the user-side means is transferred to the cold heat

source means for condensation.
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More specifically, a measure taken in the invention
comprises hot heat source means (1) for -evaporating
refrigerant through the application of heat and cold heat
source means (2) which is connected to the hot heat source
means (1) through a gas flow pipe (4) and a liquid flow pipe
(5) to form a closed circuit with the hot heat source means
(1) and condenses refrigerant by heat radiation.

There is provided user-side means (3) which is connected
to the gas flow pipe (4) through a gas pipe (6) and to the
liguid flow pipe (5) through a liquid pipe (7).

Further, there are provided gas flow selecting means
(8) for changing gas refrigerant flow between the gas flow
pipe (4) and the gas pipe (6) and liquid flow selecting means
(9) for changing liquid refrigerant flow between the liguid
flow pipe (5) and the liquid pipe (7).

In addition, there is provided control means (C) for
controlling at least one of the gas flow selecting means (8)
and the liquid flow selecting means (9) to change refrigerant
flow with respect to the user-side means (3) according to an
operation mode of the user-side means (3).

Under the arrangement, the control means (C) controls
the gas flow selecting means (8) and the liguid flow selecting
means (9) to change refrigerant flow with respect to the
user-side means (3) according to the operation mode of the
user-side means (3). Further, the circulation of refrigerant
is made with the use of rise in pressure of refrigerant caused
by the amount of heat given to the hot heat source means (1),

thereby eliminating the need for a drive source for
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refrigerant circulation such as a pump.

Furthermore, since the condensation of refrigerant is
made in the cold heat source means (2), gas refrigerant is
liquefied with reliability and the cold heat source means (2)
is prevented from rising in its internal pressure. This
achieves excellent refrigerant circulation.

Thus, in the arrangement of the invention, since
refrigerant circulation for allowing the user-side means (3)
to execute a specified heat exchange is made with the use of
rise in pressure caused by the amount of heat given to the
hot heat source means (1), a drive source for refrigerant
circulation such as a pump can be eliminated. This reduces
power consumption and failure sites, thereby obtaining the
reliability of the overall device.

Further, since refrigerant condensation is made in the
cold heat source means (2), gas refrigerant can be ligquefied
with reliability and the cold heat source means (2) can be
prevented from rising in internal pressure. This achieves
excellent refrigerant circulation. As a result, there is no
need for keeping refrigerant supercocled in the user-side
means {3) so as to prevent gas refrigerant from flowing out
of the user-side means (3) as in the conventional case. This
ensures a sufficient amount of heat exchange in the user-
side means (3) thereby increasing heat exchange capacity.

Furthermore, since constrains to the placement of
elements can be reduced, this provides high reliability and
general versatility.

As shown in Fig. 1, the control means (C) is preferably
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configured to control at least the gas flow selecting means
(8) to execute an operation of radiating heat of the user-side
means (3) in a manner that gas refrigerant is supplied from
the hot heat source means (1) to the user-side means (3) for
condensation and 1liquid refrigerant condensed in the
user-side means (3) is transferred to the cold heat source
means (2) by pressure difference between the cold heat source
means (2) which condenses gas refrigerant at a temperature
lower than that of the user-side means {3) and the user-side
means (3).

Under the arrangement, during the operation of radiating
heat of the user-side means (3), a pressure difference is
generated between the user-side means (3) and the cold heat
source means {2) which condenses gas refrigerant at a
temperature lower than the condensation temperature of the
user-side means (3). The pressure difference causes the
refrigerant condensed in the user-side means (3) to be
transferred to the cold heat source means (2). Thereby,
refrigerant is circulated so that heat radiation is made in
the user-side means (3).

In this case, the cold heat source means (2) is preferably
placed at a position higher than the hot heat source means
(1). Further, the control means (C) is preferably configured
to control at least the gas flow selecting means (8) to execute
an operation of recovering refrigerant when liquid
refrigerant in the cold heat source means (2) exceeds a
specified amount of storage, in a manner that gas refrigerant

is supplied from the hot heat source means (1) to the cold
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heat source means (2) to equalize pressures of the hot heat
source means (1) and the cold heat source means (2) so that
a flow of liquid refrigerant from the cold heat source means
{(2) to the hot heat source means (1) is produced thereby
recovering the liquid refrigerant in the cold heat source
means (2) to the hot heat source means (1)}.

Under the arrangement, when liguid refrigerant in the
cold heat source means (2) exceeds a specified amount of
storage, the liquid refrigerant is recovered to the hot heat
source means (1).

Accordingly, in the arrangement of the invention, since
liquid refrigerant gradually stored in the cold heat source
means (2) with the operation of the user-side means {3) can
be recovered to the hot heat source means (1), the operation
of the user-side means (3) can be maintained in an excellent
condition.

Further, in this case, the gas flow selecting means (8)
preferably has a shut-off valve (EV1) provided between the
cold heat source means (2) and a connection point of the gas
flow pipe {(4) with the gas pipe (6). In addition, the control
means (C) is preferably configured to close the shut-off valve
{EV1) during the operation of radiating heat of the user-
side means (3) and open it during the operation of recovering
liguid refrigerant in the cold heat source means {(2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
{(8). This provides an increased practicality of the device.

Furthermore, 1in the above case, the liguid flow
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selecting means (9) preferably includes: a first check valve
(CV1) which is provided between the hot heat source means (1)
and a connection point of the liguid flow pipe (5) with the
liquid pipe (7) and allows only a flow toward the hot heat
source means (1); and a second check valve (CV2) which is
provided in the liquid pipe (7) and allows only a flow toward
the cold heat source means (2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

The control means (C) of the invention is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means {(9) to execute an operation
of absorbing heat of the user-side means (3} in a manner that
gas refrigerant is supplied from the hot heat source means
(1) to the cold heat source means (2) to push out liquid
refrigerant in the cold heat source means (2) to the user-side
means (3), the liquid refrigerant 1is evaporated in the
user-side means (3} while the gas refrigerant is condensed
in the cold heat source means (2}, and the gas refrigerant
evaporated in the user-side means (3) is transferred to the
cold heat source means (2) by pressure difference between the
user-side means (3) and the cold heat source means {2) caused
due to drop in pressure of the cold heat scurce means (2).

Under the arrangement, during the operation of absorbing
heat of the user-side means (3), gas refrigerant is supplied

from the hot heat source means (1} to the cold heat source
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means (2) so that liquid refrigerant in the cold heat source
means {3) is pushed out to the user-side means {3). Thereafter,
the liquid refrigerant is evaporated in the user-side means
(3) and the gas refrigerant is condensed in the cold heat
source means (2) to decrease the pressure of the cold heat
source means (2). The decrease in pressure causes a pressure
difference between the user-side means (3) and the cold heat
source means (2), so that the gas refrigerant evaporated in
the user-side means (3) is transferred to the cold heat source
means (2). Thereby, heat absorption is made in the user-side
means (3).

In this case, the cold heat source means (2) is preferably
placed at a position higher than that of the hot heat source
means {1). In addition, the control means (C) is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means (9) to execute an operation
of recovering refrigerant when liquid refrigerant in the hot
heat source means (1) becomes short of a specified amount of
storage, in a manner that gas refrigerant is supplied from
the hot heat source means (1) to the cold heat source means
(2) to equalize pressures of the hot heat source means (1)
and the cold heat source means {(2) so that a flow of liquid
refrigerant from the cold heat source means {2) to the hot
heat source means (1) is produced thereby recovering the
liquid refrigerant in the cold heat source means (2) to the
hot heat source means {(1).

Under the above arrangement, liquid refrigerant in the

cold heat source means (2) is recovered to the hot heat source

10
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means (1) when liquid refrigerant in the hot heat source means
(1) becomes short of a specified amount of storage.

Accordingly, in the above arrangement of the invention,
since ligquid refrigerant gradually discharged from the hot
heat source means (1) with the operation of the user~side means
(3) can be recovered from the cold heat source means {(2),
refrigerant circulation can be maintained in an excellent
condition.

Further, in this case, the gas flow selecting means (8)
preferably includes: a shut-off valve (EV1l) provided between
the hot heat source means (1) and a connection point of the
gas flow pipe (4) with the gas pipe (6); and a check valve
{CVG) which is provided in the gas pipe (6) and allows a flow
toward the cold heat source means (2). Inaddition, the control
means (C) is preferably configured to open the shut-off valve
(EV1l) at the time of pushing out the liquid refrigerant from
the cold heat source means (2) to the user-side means (3} and
during the operation of recovering liquid refrigerant in the
cold heat source means (2) and close it at the time of transfer
of refrigerant from the user-side means (3) to the cold heat
source means (2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the 1liquid flow
selecting means (9) preferably includes: a shut-off wvalve
(EV4) provided at a recovery flow side part of the iiquid flow

pipe {5) between the hot heat source means {1) and a connection

11
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point with the liquid pipe (7); a first check valve (CV1) which
is provided at a recovery flow side.part of the liquid flow
pipe (5) and allows only a flow toward the hot heat source
means (1)}; and a second check valve (CV3) which is provided
in the liquid pipe (7) and allows only a flow toward the
user-side means (3). In addition, the control means (C) is
preferably configured to close the shut-off valve (EV4) during
the operation of absorbing heat of the user-side means (3)
and open it during the operation of recovering 1liguid
refrigerant in the cold heat source means (2}.

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

The control means {(C) of the invention may be configured
to selectively execute the operation of radiating heat of the
user-side means (3) and the operation of absorbing heat of
the user-side means {(3).

Under the arrangement, both effects of the operations
of radiating and absorbing heat of the user-side means (3)
can be obtained. This increases practicality.

In this case, the cold heat source means (2) is preferably
placed at a position higher than the hot heat source means
{1). Further, the control means {(C) is preferably configured
to control the gas flow selecting means (8) and the liquid
flow selecting means {9) to execute an operation of recovering
refrigerant when liquid refrigerant in the cold heat source

means (2) exceeds a specified amount of storage during the

12
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operation of radiating heat and when liquid refrigerant in
the hot heat source means (1) becomes short of a specified
amount of storage during the operation of absorbing heat, in
a manner that gas refrigerant is supplied from the hot heat
source means (1) to the cold heat source means (2} to equalize
pressures 0f the hot heat source means (1) and the cold heat
source means (2) so that a flow of liquid refrigerant from
the cold heat source means (2) to the hot heat source means
{1) is produced thereby recovering liguid refrigerant in the
cold heat source means (2) to the hot heat source means {1).

Accordingly, in the arrangement of the invention, since
liguid refrigerant is recovered to the hot heat source means
(1), the operation of the user-side means (3) can be maintained
in an excellent condition.

Further, in this case, the gas flow selecting means (8)
preferably includes: a first shut-off valve {(EV1) provided
between the cold heat source means (2) and a connection point
of the gas flow pipe (4) with the gas pipe (6); a second
shut-off valve {(EV2) provided in the gas pipe (6); a connecting
pipe (10) whose one end is connected between the first shut-off
valve (EV1) and the cold heat source means (2) and whose other
end is connected between the second shut-off valve (EV2) and
the user-side means (3); a third shut-off valve {EV3) provided
in the connecting pipe (10): and a check valve (CVG} which
is provided in the connecting pipe {10) and allows only a flow
toward the cold heat source means (2).

In addition, the control means (C) 1is preferably

configured to allow the first shut-off valve (EV1) to be closed

13
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during the operation of radiating heat of the user-side means
(3) and at the transfer of gas refrigerant from the user-
side means (3) to the cold heat source means (2) during the
operation of absorbing heat of the user-side means (3) and
to be open at the time of pushing out liquid refrigerant from
the cold heat source means (2) to the user-side means {3)
during the operation of absorbing heat of the user-side means
(3) and during the operation of recovering liquid refrigerant
in the cold heat source means (2), to allow the second shut-off
valve (EV2) to be open only during the operation of radiating
heat of the user-side means (3), and to allow the third
shut-off valve (EV3)} to be closed during the operation of
radiating heat of the user-side means (3) and to be open during
the operation of absorbing heat of the user-side means (3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, 1in the above case, the liguid flow
selecting means (9) preferably includes: a first shut-off
valve (EV4) provided at a recovery flow side part of the liquid
flow pipe (5) between the hot heat source means (1) and a
connection point with the liquid pipe (7)}; a £first check valve
{(CV1l) which is provided at a recovery flow side part of the
ligquid flow pipe (5) and allows only a flow toward the hot
heat source means (1)}; and a second shut-off valve (EV5)
provided in the liquid pipe (7).

In addition, the control means (C} is preferably

configured to allow the shut-off valve (EV4) to be open during
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the operation of recovering liquid refrigerant in the cold
heat source means (2) and to be closed during the operation
of absorbing heat of the user-side means (3), and to allow
the second shut-off valve (EV5) to be open during the operation
of radiating heat of the user-side means (3) and during the
operation of absorbing heat of the user-side means (3) and
to be closed during the operation of recovering 1liquid
refrigerant in the cold heat source means (2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

A plurality of the user-side means (3a-3d) are
preferably provided and each of the user-side means (3a-34d)
is preferably connected to the gas flow pipe (4) and the ligquid
flow pipe (5) through the gas pipe (6} and the liquid pipe
{7) respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat.

In addition, the control means (C} is preferably
configured in a manner of controlling the gas flow selecting
means (8) and the liquid flow selecting means (9) to execute
an operation cf mainly radiating heat in which the heat balance
among all the user-side means (3a-3d) is in a heat radiative
condition, in a manner that: gas refrigerant is supplied from
the hot heat source means (1) to the heat-radiative user-
side means (3) for condensation and the liquid refrigerant

condensed in the heat-radiative user-side means {(3) is
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transferred to the cold heat source means (2) by pressure
difference between the cold heat source means (2) which
condenses the gas refrigerant at a temperature lower than that
of the heat-radiative user-side means (3) and the heat-
radiative user-side means (3) and transferred to the
heat-absorptive user-side means {(3) by pressure difference
between the heat-absorptive user-side means (3) and the
heat-radiative user-side means (3); while the gas refrigerant
is concurrently evaporated in the heat-absorptive user-side
means (3) and the gas refrigerant evaporated in the heat-
absorptive user-side means (3) is transferred to the cold heat
source means (2) by pressure difference between the cold heat
source means (2) and the heat-absorptive user-side means {(3)
caused due to refrigerant condensation in the cold heat source
means (2).

Under the above arrangement, when the user-side means
{3a-3d) individually execute the operation of radiating heat
or the operation of absorbing heat and the number of user-side
means (3a-34) executing the operation of radiating heat is
larger, refrigerant is circulated by pressure difference
between the cold heat source means (2) and the heat-radiative
user-side means (3). by pressure difference between the
heat-absorptive user-side means (3) and the heat-radiative
user-side means (3) and by pressure difference between the
cold heat source means (2) and the heat-absorptive user-side
means (3), so that heat radiation or heat absorption is made
in each of the user-side means (3a-3d).

In this case, the cold heat source means (2) is preferably

16
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placed at a position higher than the hot heat source means
(1)}. Further, the control means (C) is preferably configured
to control the gas flow selecting means (8) and the liquid
flow selecting means (9) to execute an operation of recovering
refrigerant when liquid refrigerant in the cold heat source
means (2) exceeds a specified amount of storage, in a manner
that gas refrigerant is supplied £rom the hot heat source means
(1} to the cold heat source means (2) to equalize pressures
of the hot heat source means {1) and the cold heat source means
(2) so that a flow of liguid refrigerant from the cold heat
source means (2) to the hot heat source means (1) is produced
thereby recovering liquid refrigerant in the cold heat source
means (2) to the hot heat source means {(1).

Accordingly, in the arrangement of the invention, since
liguid refrigerant is recovered to the hot heat scurce means
(1), the operation of the user-side means (3) can be maintained
in an excellent condition.

A plurality of the user-side means (3a-3d) are
preferably provided and each of the user-side means (3a-34d)
is preferably connected to the gas flow pipe (4) and the ligquid
flow pipe (5) through the gas pipe (6) and the liquid pipe
(7) respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat.

In addition, the control means (C} 1is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means (9) to execute an operation

of mainly absorbing heat in which the heat balance among all
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the user-side means (3a-3d) is in a heat absorptive condition,
in a manner that: gas refrigerant is supplied from the hot
heat source means (1) to the cold heat source means {2) to
push out liquid refrigerant in the cold heat source means (2)
to the heat-absorptive user-side means (3), the 1liquid
refrigerant is evaporated in the heat-absorptive user-side
means (3) while the gas refrigerant is condensed in the cold
heat source means (2), and the gas refrigerant evaporated in
the heat-absorptive user-side means (3) is transferred to the
cold heat source means (2) by pressure difference between the
heat-absorptive user-side means (3) and the cold heat source
means (2) caused due to drop in pressure of the cold heat source
means (2); while gas refrigerant is concurrently supplied from
the hot heat source means (1) to the heat-radiative user-
side means (3) for condensation and the liquid refrigerant
condensed 1in the heat-radiative user-side means (3) is
transferred to the cold heat source means (2) by pressure
difference between the heat-radiative user-side means (3) and
the cold heat source means (2) having a condensation
temperature lower than that of the heat-radiative user-side
means (3).

Under the above arrangement, when the user-side means
(3a-3d) individually execute the operation of radiating heat
or the operation of absorbing heat and the number of user-side
means {3a-3d) executing the operation of absorbing heat is
larger, refrigerant is circulated by pressure difference
between the heat-absorptive user-side means (3) and the cold

heat source means (2) and by pressure difference between the
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cold heat source means (2) and the heat-radiative user-side
means (3), so that heat radiation or heat absorption is made
in each of the user-side means (3a-3d).

In this case, the cold heat source means (2) is preferably
placed at a position higher than the hot heat source means
(1). Further, the control means (C} is preferably configured
to control the gas flow selecting means (8) and the liquid
flow selecting means (9) to execute an operation of recovering
refrigerant when liquid refrigerant in the hot heat source
means (1) becomes short of a specified amount of storage, in
a manner that gas refrigerant is supplied from the hot heat
source means (1) to the cold heat source means {(2) to equalize
pressures of the hot heat source means (1) and the cold heat
source means {2) so that a flow of liquid refrigerant from
the cold heat source means (2} to the hot heat source means
(1) is produced thereby recovering liquid refrigerant in the
cold heat source means (2) to the hot heat socurce means (1).

Accordingly, in the arrangement of the invention, since
liguid refrigerant is recovered to the hot heat source means
(1), the operation of the user-side means (3) can be maintained
in an excellent condition.

When a plurality of the user-side means (3a-3d)} are
provided, the control means (C) of the invention may be
configured to selectively execute the operation of mainly
radiating heat of the user-side means (3) and the operation
of mainly absorbing heat of the user-side means (3).

Under the arrangement, both effects of the operation of

mainly radiating heat of the user-side means (3) and the
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operation of mainly absorbing heat of the user-side means (3)
can be obtained. This increases practicality.

In this case, the gas flow selecting means (8) preferably
includes: a first shut-off valve (EV1) provided between the
cold heat source means {(2) and a connection point of the gas
flow pipe (4) with the gas pipe (6): second shut-off valves
(EVv2-1 to EV2-4) provided in the gas pipes (6a-6d4d) and
corresponding to the user-side means (3a-3d), respectively;
a plurality of connecting pipes (10a-10d4) each connected at
one end thereof between the first shut-off valve (EV1) and
the cold heat source means (2) and at the other end between
the corresponding second shut-off valve (EV2-1 to EV2-4) and
the corresponding user-side means (3a-34); third shut-off
valves (EV3-1 to EV3-4) provided in the connecting pipes
{10a-10d4) and corresponding to the user-side means (3a-3d),
respectively; and a check valve (CVG) which is provided in
the connecting pipe (10a-10d4) and allows only a flow toward
the cold heat source means {(2).

In addition, the control means (C) 1is preferably
configured to allow: the first shut-off valve (EV1)} to be
closed during the operation of mainly radiating heat and at
the transfer of gas refrigerant from the user-side means (3)
to the ceold heat source means (2) during the operation of
mainly absorbing heat but to be open at the time of pushing
out liguid refrigerant from the cold heat source means (2)
to the heat-absorptive user-side means (3) during the
operation of mainly absorbing heat and during the operation

of recovering ligquid refrigerant in the cold heat source means
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(2); each of the second shut-off valves (EV2-1 to EV2-4) to
be open only during the operation of radiating heat of the
corresponding user-side means (3a-3d); and each of the third
shut-off valves (EV3-1 to EV3-4) to be cpen only during the
operation of absorbing heat of the corresponding user-side
means (3a-3d).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the Jiguid flow
selecting means (9) preferably includes: a first shut-off
valve (EV4) provided at a recovery flow side part of the liguid
flow pipe (5) between the hot heat source means {1} and a
connection point with the liquid pipe (7): a check valve (CVL)
which is provided at a recovery flow side part of the liquid
flow pipe (5) and allows only a flow toward the hot heat source
means (1); and second shut-off valves (EV5-1 to EV5-4)
provided in the liquid pipes (7a-7d) and corresponding to the
user-side means (3a-3d), respectively.

In addition, the control means (C) is preferably
configuredix:allow:theshut—offvalve(EV4)1x>beopenduring
the operation of recovering liquid refrigerant in the cold
heat source means (2) but to be closed during the operation
of mainly absorbing heat: and each of the second shut-off
valves (EV5-1 to EV5-4) to be open during the operation of
radiating heat and the operation of absorbing heat of the
corresponding user-side means {(3a-3d) but to be closed during

the operation of recovering liquid refrigerant in the cold
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heat source means (2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

In the present invention, liguid receive means (22) for
storing liquid refrigerant is preferably provided in parallel
with the cold heat source means (2). Further, preferably, the
liquid receive means (22) is connected at one end thereof
between the cold heat source means (2) and a connection point
of the gas flow pipe (4) with the gas pipe (6) through a branch
pipe (23) and connected at the other end between the cold heat
scurce means (2) and a connection point of the liquid flow
pipe (5) with the liquid pipe (7) through a branch pipe (23).

Under the above arrangement, liquid refrigerant is
stored in the liguid receive means (22).

Accordingly, since the above arrangement of the
invention prevents liquid refrigerant from being stored in
the cold heat source means {(2), reduction in heat exchange
are can be avoided. As a result, the cold heat source means
{2) can be maintained at a high efficiency of heat exchange.
This increases the efficiency of the overall device.

In this case, as shown in Fig. 19, a shut-off valve (EV11)
for changing a flow of refrigerant toward the cold heat source
means {2) is preferably provided between the cold heat source
means {(2) and a connection point of the gas flow pipe (4} with
the branch pipe (23).

Under the above arrangement, the shut-off valve {EV11l)
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is closed when liquid refrigerant is discharged from the cold
heat source means (2) or the liquid receive means (22).

Accordingly, since the above arrangement of the
invention prevents a supply of gas refrigerant from the hot
heat source means (1) to the cold heat source means {2), the
cold heat source means (2) can be prevented from being
unnecessarily heated. This promotes energy conservation.

Preferably, a plurality of the cold heat source means
{2a, 2b) are provided, are connected to the hot heat source
means (1) through the gas flow pipes (4a, 4b) and the liquid
flow pipes (5a, 5b) respectively to each form a closed circuit
with the hot heat source means (1), and are each configured
to switchably serve as operating cold heat source means for
executing an operation of radiating heat in a state that gas
refrigerant is stored therein and as stopping cold heat source
means for stopping the operation of radiating heat in a state
that ligquid refrigerant is stored therein.

In addition, preferably, the gas flow selecting means
{(8) is configured to change gas refrigerant flow between each
of the gas flow pipes (4a, 4b) and the gas pipe (6} and the
liquid flow selecting means {(9) is configured to change liquid
refrigerant f£low between each of the liguid flow pipes (5a,
5b) and the liquid pipe (7).

Under the above arrangement, the connection state of
each of the cold heat source means {2a, 2b) with the user-side
means (3) is changed while refrigerant is circulated between
the operating cold heat source means {2a, 2b) and the user-side

means {3) at all times.
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Accordingly, since the above arrangement of the
invention provides heat radiation or heat absorption of the
user-side means (3) at all times, the operation of radiating
heat or the operation of absorbing heat can be successively
executed.

When the plurality of the cold heat source means (2a,
2b) are provided in the invention, as shown in Fig. 21, each
of the cold heat source means {(2a, 2b) is preferably placed
at a position higher than that of the hot heat source means
(1) and the user-side means (3) is preferably connected to
the gas flow pipes (4a, 4b) and the liguid flow pipes (5a,
5b} through the gas pipe (6) and the liquid pipe (7)
respectively.

In addition, the control means (C) 1is preferably
configured to control at least the gas flow selecting means
(8} to execute an operation of radiating heat of the user-side
means (3) in a manner that: gas refrigerant is supplied from
the hot heat source means (1) to the stopping cold heat source
means (2a) and the user-side means (3) so that the gas
refrigerant is condensed in the user-side means (3) and the
ligquid refrigerant condensed in the user-side means (3) is
transferred to the operating cold heat socurce means (2b} by
pressure difference between the operating cold heat source
means (2b) which condenses +the gas refrigerant at a
temperature lower than that of the user-side means (3) and
the user-side means (3); when liquid refrigerant in the
operating cold heat source means (2b) exceeds a specified

amount of storage, the control means {C) changes the operating
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cold heat source means (2b) into the stopping cold heat source
means (2b) to execute an operation of recovering refrigerant
and changes the remaining stopping cold heat source means (2a)
into the operating cold heat source means (2a)}, whereby the
supply of gas refrigerant from the hot heat source means (1)
to the operating cold heat source means (2a) is stopped, gas
refrigerant is supplied from the hot heat source means (1)
to the user-side means (3) and is condensed in the user-side
means (3) thereby allowing the operation of radiating heat
to be continued, and gas refrigerant is supplied from the hot
heat source means (1) to the stopping cold heat source means
{2b) to equalize pressures of the hot heat source means (1)
and the stopping cold heat source means (2b) thereby producing
a flow of liquid refrigerant from the stopping cold heat source
means (2b) to the hot heat source means (1) to recover the
liguid refrigerant in the stopping cold heat source means {2b)
to the hot heat source means {(1); and the control means (C)
alternately changes each of the cold heat source means {(2a,
2b) between the operating cold heat source means and the
stopping cold heat source means thereby successively
executing the operation of radiating heat.

Under the above arrangement, refrigerant is circulated
between the operating cold heat source means (2a, 2b) and the
user-side means (3) during the operation of radiating heat
of the user-side means (3), so that the operation of radiating
heat of the user-side means (3) can be successively executed.

Accordingly, since the above arrangement provides a

continuous operation of radiating heat of the user-side means
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(3), when the device having the above arrangement is applied
to an air conditioner for heating a room, heating operation
can be successively executed thereby increasing
comfortableness of the room.

In this case, the gas flow selecting means (8) preferably
includes shut-off valves (EV1-1, EV1-2) which are provided
between the cold heat source means (2a, 2b)} and connection
points of the gas flow pipes (4a, 4b) with the gas pipe (6)
and correspond to the cold heat source means (2a, 2b),
respectively.

In addition, the control means (C}) 1s preferably
configured to close each of the shut-off valves (EV1-1, EV1-2)
at the transfer of gas refrigerant from the user-side means
{3) to the cold heat source means (2a, 2b)} corresponding to
the shut-off wvalve (EV1-1, EV1-2) and open it during the
operation of recovering liguid refrigerant in the cold heat
source means (2a, 2b) corresponding to the shut-off valve
(EVi-1, EV1-2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the liquid flow
selecting means (9) preferably includes: first check valves
(CVv1l-1, CV1-2) which are provided between the hot heat source
means (1) and connection points of the liguid flow pipes (5a,
5b) with the liquid pipes {7a, 7b) and allow only flows toward
the hot heat source means (1), respectively; and second check

valves (CV2-1, CV2-2) which are provided in the liguid pipes
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(7a, 7b) and allows only flows toward the cold heat source
means (2), respectively.

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

When the plurality of the cold heat source means (2a,
2b) are provided in the invention, as shown in Fig. 23, the
user-means (3) is preferably connected to the gas flow pipes
(4a, 4b) and the liquid flow pipes (5a, 5b) through the gas
pipe (6) and the liquid pipe {(7) respectively.

In addition, the control means (C)} is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means (9) to execute an operation
of absorbing heat of the user-side means (3} in a manner that:
gas refrigerant is supplied from the hot heat source means
(1) to the stopping cold heat source means {(2a) to push out
liguid refrigerant in the stopping cold heat source means (2a)
to the user-side means (3), the 1ligquid refrigerant is
evaporated in the user-side means (3) while the gas
refrigerant is condensed in the operating cold heat source
means {(2b), and the gas refrigerant evaporated in the
user-side means (3) is transferred to the operating cold heat
source means (2b) by pressure difference between the user-side
means {3) and the operating cold heat source means {2b) caused
due to drop in pressure of the operating cold heat source means
{2b});: when ligquid refrigerant in the operating cold heat

source means {2b)} exceeds a specified amount of storage, the
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contrel means (C) changes the operating cold heat source means
(2b) and the remaining stopping cold heat source means (2a)
into the stopping cold heat source means {2b) and the operating
cold heat source means (2a) respectively, whereby the supply
of gas refrigerant from the hot heat source means (1) to the
operating cold heat source means {(2a) is stopped while gas
refrigerant is supplied from the hot heat source means (1)
to the stopping cold heat source means {(2b) to push out the
liquid refrigerant in the stopping cold heat source means (2b)
to the user-side means {3} thereby allowing the operation of
absorbing heat to be continued; and the control means (C)
alternately changes each of the cold heat source means (2a,
2b) between the operating cold heat source means and the
stopping cold heat source means thereby successively
executing the operation of absorbing heat.

Under the above arrangement, during the operation of
absorbing heat of the user-side means (3}, refrigerant is
circulated between the operating cold heat source means (2a,
2b) and the user-side means (3) while liquid refrigerant in
the stopping cold heat source means (2a, 2b) is recovered to
the hot heat source means (1) at all times, so that the
operation of absorbing heat of the user-side means (3) can
be successively executed.

Accordingly, since the above arrangement provides a
continuous operation of absorbing heat of the user-side means
({3), when the device having the above arrangement is applied
to an air conditioner for cooling a room, cooling operation

can be successively executed thereby increasing
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comfortableness of the rocom.

In this case, the gas flow selecting means (8) preferably
includes: shut-off valves (EV1-1, EV1-2) provided between the
hot heat source means (1) and connection points of the gas
flow pipes (4a, 4b) with the gas pipes (6e, 6f) and
corresponding to the cold heat source means (2a, 2b),
respectively; and check valves (CVGl, CVG2) which are provided
in the gas pipes (6e, 6f£f) and allow only flows toward the cold
heat source means (2a, 2b), respectively.

In addition, the control means (L) is preferably
configured to open each of the shut-off valves (EV1-1, EV1-2)
at the time of pushing out liquid refrigerant from the cold
heat source means {(2a, 2b) corresponding to the shut-off valve
(EV1-1, EV1-2) to the user-side means (3) and during the
operation of recovering the ligquid refrigerant in the cold
heat source means {2a, 2b) corresponding to the shut-off valve
(EV1-1, EV1-2) and close it at the transfer of gas refrigerant
from the user-side means (3} to the cold heat source means
(2a, 2b) corresponding to the shut-off valve (EV1-1, EV1-
2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
{8). This provides an increased practicality of the device.

Furthermore, 1in the above case, the liguid flow
selecting means (9) preferably includes: a shut-off valve
(EV4) provided at a recovery flow side part of the liquid flow
pipes {(5a, 5b) between the hot heat source means (1) and

connection points with the liquid pipes (7e, 7f): first check
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valves (CV1-1, CV1-2) which are provided at recovery flow side
parts of the liquid flow pipes (5a, 5b) and allow only flows
toward the hot heat source means (1)}, respectively: and second
check valves (CV3-1, CV3-2) which are provided in the liquid
pipes (7e, 7f) and allowonly flows toward the cold heat source
means (2), respectively.

In addition, the control means (C) is preferably
configured to close the shut-off valve (EV4) during the
operation of absorbing heat of the user-side means (3) and
open it during the operation of recovering liquid refrigerant
in the cold heat source means (2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

When the plurality of the cold heat source means (2a,
2b) are provided, the control means (C) may be configured to
selectively execute the operation of radiating heat of the
user-side means (3} and the operation of absorbing heat of
the user-side means (3).

Under the arrangement, both effects of the coperations
of radiating and absorbing heat of the user-side means (3)
can be obtained. This increases practicality.

In this case, the control means (C) is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means {(9) to execute an operation
of recovering refrigerant when ligquid refrigerant in the hot

heat source means (1)} becomes short of a specified amount of
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storage during the operation of absorbing heat of the
user-side means (3), in a manner that gas refrigerant is
supplied from the hot heat source means (1) to the operating
cold heat source means (2) to equalize pressures of the hot
heat source means (1) and the cold heat source means (2) so
that a flow of liquid refrigerant from the cold heat source
means (2) to the hot heat source means (1) is produced thereby
recovering liquid refrigerant in the cold heat scurce means
{2) to the hot heat source means {1}.

Under the above arrangement, when the storage amount of
liquid refrigerant in the hot heat source means (1)} becomes
small, liguid refrigerant is recovered to the hot heat source
means {1).

Accordingly, in the arrangement of the invention, since
liguid refrigerant can be recovered while the operation of
absorbing heat of the user-side mans (3) is continued, this
enables a continuous operation of the user-side means (3).

Further, in this case, the gas flow selecting means (8}
preferably includes: first shut-off valves (EV1-1, EV1i-2)
which are provided between the cold heat source means (2} and
connection points of the gas flow pipes (4a, 4b) with the gas
pipe (6) and correspond to the cold heat source means {2a,
2b}, respectively; a second shut-off valve (EV2) provided in
the gas pipe (6); a connecting pipe (20) connected at one end
thereof between the first shut-off valves (EVi-1, EV1-2) and
the cold heat source means (2a, 2b) and at the other end between
the second shut-off valve (EV2) and the user-side means (3);

a third shut-off valve (EV3) provided in the connecting pipe
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{20}; and check valves (CVG1l, CVG2) which are provided in the
connecting pipe (20) and allow only £flows toward the cold heat
source means (2a, 2b), respectively.

In addition, the control means (C) is preferably
configured to allow: each of the first shut-off valves (EV1-1,
EV1-2) to be closed at the transfer of liquid refrigerant from
the user-side means (3) to the cold heat source means (2a,
2b) corresponding to the first shut-off valve {EV1-1, EV1-2)
during the operation of radiating heat and at the transfer
of gas refrigerant from the user-side means {3) to the cold
heat source means (2a, 2b) corresponding to the first shut-off
valve (EV1l-1, EV1-2) during the operation of absorbing heat
but to be open at the supply of gas refrigerant from the hot
heat source means (1) to the cold heat source means (2a, 2b)
corresponding to the first shut-off valve (EV1-1, EV1-2)
during the operation of absorbing heat; the second shut-off
valve (EV2) to be open conly during the operation of radiating
heat of the user-side means {3); and the third shut-off valve
{EV3) to be open only during the operation of absorbing heat
of the user-side means (3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, 1in the above case, the 1ligquid flow
selecting means (9) preferably includes: a first shut-off
valve (EV4) provided at a recovery flow side part of the liquid
flow pipes (5a, 5b) between the hot heat source means (1)} and

connection points with the ligquid pipes (7e, 7f); check valves
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(CV1l-1, €CV1-2) which are provided at recovery flow side parts
of the liquid flow pipes (5a, 5b) and allow only flows toward
the hot heat source means (1), respectively; and second
shut-off wvalves (EV6-1, EV6-2) which are provided in the
liguid pipes (7e, 7f)} and correspond to the cold heat source
means (2a, 2b), respectively.

In addition, the control means (C} is preferably
configured to allow: the shut-off valve (EV4) to be open during
the operation of recovering liquid refrigerant in the cold
heat socurce means (2a, 2b) but to be closed during the
operation of absorbing heat of the user-side means (3); each
of the second shut-off valves (EV6-1, EV6-2) to be open at
the transfer of liquid refrigerant from the user-side means
{3) to the cold heat source means {2a, 2b) corresponding to
the second shut-off valve (EV6-1, EV6-2) during the cperation
of radiating heat and at the time of pushing out liquid
refrigerant from the cold heat source means (2a, 2b)
corresponding to the second shut-off valve {(EV6-1, EV6-2) to
the user-side means (3) during the operation of absorbing
heat; and each of the second shut-off valves (EV6-1, EV6-
2) to be closed at the supply of gas refrigerant from the hot
heat source means (1) to the cold heat socurce means (2a, 2b)
corresponding to the second shut-off valve (EV6-1, EV6-2)
during the operation of radiating heat and at the transfer
of gas refrigerant f£from the user-side means (3) to the cold
heat source means (2a, 2b} corresponding to the second
shut-off wvalve (EV6-1, EV6-2) during the operation of

absorbing heat.
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Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

When the plurality of the cold heat source means (2a,
2b} are provided, as shown in Fig. 28, a plurality of the
user-side means (3a-3d) are preferably provided, esach of the
user~-gside means (3a-3d) is preferably connected to the gas
flow pipes (4a, 4b) and the liquid flow pipes (5a, 5b) through
the gas pipe (6) and the liquid pipes {(7e, 7f) respectively
in a manner capable of individual selection between an
operation of radiating heat and an operation of absorbing heat,
and each of the cold heat source means {(2a, 2b) is preferably
placed at a position higher than that of the hot heat source
means (1).

In addition, the control means (C) 1is preferably
configured to control the gas flow selecting means (8) and
the liguid flow selecting means (9) to execute an operation
of mainly radiating heat in which the heat balance among all
the user-side means {3a-3d) is in a heat radiative condition,
in a manner that: gas refrigerant is supplied from the hot
heat source means (1) to the stopping cold heat socurce means
(2a) and the heat-radiative user-side means (3) so that the
gas refrigerant is condensed in the user-side means (3) and
the liguid refrigerant condensed in the heat-radiative
user-side means (3) is transferred to the operating cold heat
source means {2b) by pressure difference between the operating

cold heat source means {(2b) which condenses the gas
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refrigerant at a temperature lower than that of the heat-
radiative user-side means (3) and the heat-radiative
user-gside means {(3) and transferred to the heat-absorptive
user-side means (3) by pressure difference between the
heat-absorptive user-side meéns (3) and the heat-radiative
user-sidemeans (3); while the gas refrigerant is concurrently
evaporated in the heat-absorptive user-side means (3) and the
gas refrigerant evaporated in the heat-absorptive user-side
means {3) is transferred to the operating cold heat source
means (2b) by pressure difference between the operating cold
heat source means {2b) and the heat-absorptive user-~side means
{3) caused due to refrigerant condensation in the operating
cold heat source means (2b).

Further, the control means (C) is preferably configured:
(a) when liguid refrigerant in the operating cold heat source
means (2b) exceeds a specified amount of storage, to change
the operating cold heat source means (2b) into the stopping
cold heat source means (2b) to execute an operation of
recovering refrigerant and change the remaining stopping cocld
heat source means (2a) into the operating cold heat source
means (2a), whereby the supply of gas refrigerant from the
hot heat source means (1) to the operating cold heat source
means (2a) is stopped, gas refrigerant is supplied from the
hot heat source means (1) to the heat-radiative user-side
means {(3) and is condensed in the heat-radiative user-side
means (3) thereby allowing the operation of mainly radiating
heat to be continued, and gas refrigerant is supplied from

the hot heat source means (1) to the stopping cold heat source
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means (2b) to equalize pressures of the hot heat source means
(1) and the stopping cold heat source means (2b) thereby
producing a flow of liquid refrigerant from the stopping cold
heat source means (2b) to the hot heat source means (1) to
recover the liquid refrigerant in the stopping cold heat
source means (2b) to the hot heat source means (1); and (b)
to alternately change each of the cold heat source means {(2a,
2b) between the operating cold heat source means and the
stopping c¢o0ld heat source means thereby successively
executing the operation of mainly radiating heat.

Under the above arrangement, refrigerant is circulated
between each of the user-side means (3a-3d) and each of the
cold heat source means (2a, 2b) so that heat radiation or heat
absorption is executed in each of the user-side means {3a-34d).

When the plurality of the cold heat source means (2a,
2b) are provided, a plurality of the user-side means (3a-
3d) are preferably provided, and each of the user-side means
{3a-3d) is preferably connected to the gas flow pipes {(4a,
4b} and the liquid flow pipes (5a, 5b) through the gas pipe
{6) and the liquid pipes (7e, 7f) respectively in a manner
capable of individual selection between an operation of
radiating heat and an operation of absorbing heat.

In addition, the control means {(C) is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means (9) to execute an operation
of mainly absorbing heat in which the heat balance among all
the user-side means (3a-34d) is in a heat absorptive condition,

in a manner that: gas refrigerant is supplied from the hot
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heat source means (1) to the heat-radiative user-side means
(3) and is condensed in the user-side means (3) and the liquid
refrigerant condensed in the heat-radiative user-side means
(3) is transferred to the heat-absorptive user-side means (3}
by pressure difference between the heat-radiative user-side
means (3) and the heat-absorptive user-side means (3) while
gas refrigerant is supplied from the hot heat source means
(1} to the stopping cold heat source means (2a) to push out
liguid refrigerant in the stopping cold heat source means (éa)
to the heat-absorptive user-side means (3); and the liquid
refrigerant is evaporated in the heat-absorptive user-side
means (3) while gas refrigerant is condensed in the operating
cold heat source means (2b), and the gas refrigerant
evaporated in the heat-absorptive user-side means (3) is
transferred to the operating cold heat source means (2b) by
pressure difference between the heat-absorptive user-side
means (3) and the operating cold heat source means {2b) caused
due to drop in pressure of the operating cold heat source means
{2b).

Further, the control means {C) is preferably configured:
{a) when liquid refrigerant in the operating cold heat source
means (2b) exceeds a specified amount of storage, to change
the operating cold heat source means {2b) and the remaining
stopping cold heat source means (2a) into the stopping cold
heat source means (2b} and the operating cold heat source means
{2a) respectively, whereby the supply of gas refrigerant from
the hot heat source means (1) to the operating cold heat source

means (2a) is stopped while gas refrigerant is supplied from
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the hot heat source means (1) to the stopping cold heat source
means (2b} and the heat-radiative user-side means {3) so that
the liqguid refrigerant in the stopping cold heat source means
(2b) is pushed out to the heat-absorptive user-side means (3)
thereby allowing the operation of mainly absorbing heat to
be continued; and (b) to alternately change each of the cold
heat source means (2a, 2b) between the operating cold heat
source means and the stopping cold heat source means thereby
successively executing the operation of mainly absorbing
heat.

Under the above arrangement, refrigerant is circulated
between each the user-side means {(3a-3d) and each of the cold
heat source means (2a, 2b) so that heat radiation or heat
absorption is executed in each of the user-side means {3a-34).

In this case, each of the cold heat source means (2a,
2b) is preferably placed at a position higher than that of
the hot heat source means (1). Further, the control means {C)
is preferably configured in a manner of controlling the gas
flow selecting means (8) and the liguid flow selecting means
(2) to execute an operation of recovering refrigerant when
liquid refrigerant in the hot heat source means (1) becomes
short of a specified amount of storage, in a manner that gas
refrigerant is supplied from the hot heat source means (1)
to the operating cold heat source means {(2a, 2b) to equalize
pressures of the hot heat source means (1) and each of the
cold heat source means (2a, 2b) so that a flow of liquid
refrigerant from the cold heat source means (2a, 2b) to the

hot heat source means (1) is produced thereby recovering
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liguid refrigerant in the cold heat source means (2a, 2b) to
the hot heat source means (1).

Under the above arrangement, when the storage amount of
liguid refrigerant in the hot heat source means (1) becomes
small, liquid refrigerant is recovered to the hot heat source
means {1).

Accordingly, in the arrangement of the invention, since
liquid refrigerant can be recovered while the operation of
mainly absorbing heat of the user-side means (3) is continued,
this enables a continuous operation of the user-side means
(3).

When the plurality of cold heat source means (2a, 2b)
and a plurality of user-side means (3a-3d) are provided, the
control means (C} of the invention may be configured to
selectively execute the operation of mainly radiating heat
of the user-side means (3) and the operation of mainly
absorbing heat of the user-side means {(3).

Under the arrangement, both effects of the operation of
mainly radiating heat of the user-side means (3) and the
operation of mainly absorbing heat of the user-side means (3)
can be obtained. This increases practicality.

In this case, the gas flow selecting means (8) preferably
includes: first shut-off wvalves (EV1-1, EV1i-2) which are
provided between the cold heat source means (2a, 2b) and
connection points of the gas flow pipes {(4a, 4b) with the gas
pipe (6) and correspond to the cold heat source means (2a,
2b), respectively:; second shut-off valves (EV2-1 to EV2-4)

provided in the gas pipes (6a-64d) and corresponding to the
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user-side means (3a-3d), respectively:; a plurality of
connecting pipes (20) which are connected at one side thereof
between the first shut-off valves (EV1-1, EV1-2) and the cold
heat source means (2a, 2b) respectively and connected at the
other side between the second shut-off valves (EV2-1 to EV2-4)
and the user-side means (3a-3d) respectively; third shut-
off valves (EV3-1 to EV3-4) provided in the connecting pipes
{20) and corresponding to the user-side means (3a-34d},
respectively; and check valves {CVGl, CVG2) which are provided
in the connecting pipes {(20) and allow only flows toward the
cold heat source means {2a, 2b), respectively.

In addition, the control means (C) is preferably
configured to allow: each of the first shut-off valves (EV1-1,
EV1-2) to be closed at the transfer of l1iguid refrigerant £from
the heat-radiative user-side means (3) to the cold heat source
means (2a, 2b) corresponding to the first shut-off valve
(EV1-1, EV1-2) during the operation of mainly radiating heat
and at the transfer of gas refrigerant from the heat-
absorptive user-side means (3) to the cold heat source means
{2a, 2b) corresponding to the first shut-off valve (EV1-1,
EV1-2) during the operation of mainly absorbing heat, but to
be open at the supply of gas refrigerant from the hot heat
source means (1) to the cold heat source means (2a, 2b)
corresponding to the first shut-off valve (EV1-1, EV1-2}; each
of the second shut-off valves (EV2-1 to EV2-4) to be open only
during the operation of radiating heat of the user-side means
(3) corresponding to the second shut-off wvalve (EV2-1 to

EV2-4); and each of the third shut-off valves {EV3-1 to EV3-4)
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to be open only during the operation of absorbing heat of the
user-side means (3) corresponding to the third shut-off valve
(EV3-1 to EV3-4).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the liguid flow
selecting means (9) preferably includes: a first shut-off
valve (EV4) provided at a recovery flow side part of the liguid
flow pipes (5a, 5b) between the hot heat source means (1) and
connection points with the liguid pipes (7e, 7f); check valves
(CV1i-1, CV1-2) which are provided at recovery flow side parts
of the liquid flow pipes (5a, 5b) and allow only flows toward
the hot heat source means (1), respectively; and second
shut-off valves (EV6-1, EV6-2) provided in the liguid pipes
(7e, 7f) and corresponding to the cold heat source means (2a,
2b), respectively.

In addition, the control means (C} 1is preferably
configured to allow: the shut-off valve (EV4) to be open only
during the operation of recovering liguid refrigerant in the
cold heat source means (2a, 2b); each of the second shut-
off valves (EV6-1, EV6-2) to be open at the transfer of
refrigerant from the heat-radiative user-side means (3} to
the cold heat source means (2a, 2b) corresponding to the second
shut-off valve (EV6-1, EV6-2) during the operation of mainly
radiating heat and at the time of pushing out liquid
refrigerant from the c¢old heat source means (2a, 2b)

corresponding to the second shut-off valve (EV6-1, EV6-2) to
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the heat-absorptive user-side means {(3); and each of the
second shut-off valves (EvV6e-1, EV6-2) to be closed at the
supply of gas refrigerant from the hot heat source means (1)
to the cold heat source means (2a, 2b)} corresponding to the
second shut-off valve (EV6-1, EV6-2) during the operation of
mainly radiating heat and at the transfer of gas refrigerant
from the heat-absorptive user-side means (3) to the cold heat
source means {(2a, 2b) corresponding to the second shut-off
valve (EV6-1, EV6-2) during the operation of mainly absorbing
heat.

Accordingly., the above arrangement of the invention can
provide concrete organization of the liguid flow selecting
means (9). This provides an increased practicality of the
device.

Preferably, in the present invention, a plurality of
liquid receive means (25a, 25b) for storing liguid refrigerant
are provided, are connected to the gas flow pipes {(4a, 4b)
and the liquid flow pipes (5a, 5b) through gas pipes {(26a,
26b) and liguid pipes (27a, 27b) respectively and are each
configured to switchably serve as charging liquid receive
means for storing liguid refrigerant from a state that the
storage amount of gas refrigerant is large and as discharging
liquid receive means for discharging liquid refrigerant in
a state that the storage amount of liguid refrigerant is large.

In addition, preferably, the gas flow selecting means
(8) is configured to change gas refrigerant flow between each
of the gas f£low pipes (4a, 4b) and the corresponding gas pipe

(26a, 26b) and the 1liquid flow selecting means {(9) 1is
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configured to change liguid refrigerant f£low between each of
the 1liquid flow pipes (5a, 5b) and the corresponding liquid
pipe (27a, 27b).

Under the above arrangement, the connection state of
each of the liquid receive means (25a, 25b) with the user-side
means (3) is changed while refrigerant is circulated between
the charging 1iquid receive means {(25a, 25b) and the user-side
means (3) at all times.

Accordingly, since the above arrangement of the
invention provides heat radiation or heat absorption of the
user-side means (3) at all times, the operation of radiating
heat or the operation of absorbing heat can be successively
executed.

When the plurality of the liquid receive means (25a, 25b)
are provided in the invention, as shown in Fig. 32, each of
the liquid receive means (25a, 25b) is preferably placed at
a position higher than that of the hot heat source means (1).

In addition, the control means (C) is preferably
configured to control at least the gas flow selecting means
{8) to execute an operation of radiating heat of the user-side
means (3) in a manner that: gas refrigerant is supplied from
the hot heat source means (1) to the discharging liquid receive
means (25a) and the user-side means {(3) so that the gas
refrigerant is condensed in the user-side means (3) and the
liquid refrigerant condensed in the user-side means (3) is
transferred to the charging liquid receive means (25b) by
pressure difference between the cold heat source means (2)

which condenses the gas refrigerant at a temperature lower
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than that of the user-side means (3) and the user-side means
(3).

Further, the control means (C) is preferably configured:
(a) when liquid refrigerant in the charging liquid receive
means (25b) exceeds a specified amount of storage, to change
the charging liquid receive means (25b) into the discharging
liguid receive means (25b) to execute an operation of
recovering refrigerant and change the remaining discharging
liquid receive means (25a) into the charging liquid receive
means (25a), whereby the supply of gas refrigerant from the
hot heat source means (1) to the charging liquid receive means
(25a) is stopped, gas refrigerant is supplied from the hot
heat source means (1) to the user-side means {(3) and is
condensed in the user-side means (3) thereby allowing the
operation of radiating heat to be continued, and gas
refrigerant is supplied from the hot heat source means (1)
to the discharging liguid receive means (25b) to equalize
pressures of the hot heat source means (1) and the discharging
liquid receive means (25b) thereby producing a flow of liquid
refrigerant from the discharging liquid receive means {25b)
to the hot heat source means (1) to recover the 1ligquid
refrigerant in the discharging liquid receive means (25b) to
the hot heat source means (1); and (b)) to alternately change
each of the liquid receive means (25a, 25b)} between the
charging ligquid receive means and the discharging liguid
receive means thereby successively executing the operation
of radiating heat.

Under the above arrangement, during the operation of
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radiating heat of the user-side means (3), refrigerant is
circulated between the charging liquid receive means (25a,
25b) and the user-side means (3) while liquid refrigerant is
recovered from the discharging liquid receive means {(25a, 25b)
to the hot heat source means {1) at all times, so that the
operation of radiating heat of the user-side means (3) can
be successively executed.

Accordingly, since the above arrangement provides a
continuous operation of radiating heat of the user-side means
(3), when the device having the above arrangement is applied
to an air conditioner for heating a room, heating operation
can be successively executed thereby increasing
comfortableness of the room.

In this case, the gas flow selecting means (8) preferably
includes: first shut-off wvalves (EV7-1, EV7-2) which are
provided between the hot heat source means (1) and connection
points of the gas flow pipes (4a, 4b} with the gas pipes (26a,
26b) and correspond to the liquid receive means (25a, 25b},
respectively; and second shut-off valves (EV8-1, EV8-2) which
are provided between the cold heat source means (2} and
connection points of the gas flow pipes (4a, 4b) with the gas
pipes (26a, 26b) and correspond to the ligquid receive means
{25a, 25b}), respectively.

In addition, the control means (C) 1is preferably
configured to allow: each of the first shut-off valves (EV7-1,
EV7-2) to be closed at the transfer of liguid refrigerant from
the user-side means (3) to the liquid receive means {(25a, 25b)

corresponding to the first shut-off valve (EV7-1, EV7-2) but
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to be open during the operation of recovering liquid
refrigerant in the liquid receive means (25a, 25b)
corresponding to the first shut-off valve (EV7-1, EV7-2); and
each of the second shut-off valves (EV8-1, EV8-2) to be closed
at the supply of gas refrigerant from the hot heat source means
(1) to the liquid receive means (25a, 25b) corresponding to
the second shut-off valve (EV8-1l, EV8-2) but to be open at
the transfer of liquid refrigerant from the user-side means
{3) to the liquid receive means (25a, 25b) corresponding to
the second shut-off valve (EV8-1, EV8-2).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the liguid flow
selecting means (9) preferably includes: first check valves
{(Cvi-1, CV1-2) which are provided between the hot heat source
means (1) and connection points of the liguid flow pipes {(5a,
5b) with the liquid pipes (27a, 27b) and allow only flows
toward the hot heat source means (1), respectively; second
check valves (CV2-1, CV2-2) which are provided between the
cold heat source means (2) and connection points of the liquid
flow pipes (5a, 5b) with the liquid pipes (27a, 27b) and allow
only flows toward the liguid receive means (25a, 25b}),
respectively; a third check valve (CV4) which is provided in
the liguid pipe (7) and allows only flows toward the ligquid
receive means (25a, 25b).

Accordingly, the above arrangement of the invention can

provide concrete organization of the liquid flow selecting
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means (9). This provides an increased practicality of the
device.

When the plurality of the liguid receive means (25a, 25b)
are provided in the invention, as shown in Fig. 34, the control
means (C) is preferably configured to control the gas flow
selecting means (8) and the liguid flow selecting means (9)
to execute an operation of absorbing heat of the user-side
means (3) in a manner that: gas refrigerant is supplied from
the hot heat source means (1) to the discharging liquid receive
means (25a) to push out liquid refrigerant in the discharging
ligquid receive means (25a) to the user-side means (3}, the
ligquid refrigerant is evaporated in the user-side means (3)
while the gas refrigerant is condensed in the cold heat source
means {(2), and the gas refrigerant evaporated in the user-side
means (3) is transferred to the charging ligquid receive means
{25b) communicated with the cold heat source means (2) by
pressure difference between the user-side means {3) and the
cold heat source means (2) caused due to drop in pressure of
the cold heat source means (2).

Further, the control means (C) is preferably configured:
{a) when liguid refrigerant in the charging liguid receive
means (25b) exceeds a specified amount of storage, to change
the charging liquid receive means (25b) and the remaining
discharging liquid receive means (25a) into the discharging
liguid receive means (25b) and the charging ligquid receive
means (25a) respectively, whereby the supply of gas
refrigerant from the hot heat source means (1) to the charging

liguid receive means (25a) is stopped while gas refrigerant
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is supplied from the hot heat source means (1) to the
discharging liquid receive means (25b) to push out the liquid
refrigerant in the discharging liquid receive means (25b) to
the user-side means (3) thereby allowing the operation of
absorbing heat to be continued; and (b) to alternately change
each of the liguid receive means (25a, 25b)} between the
charging ligquid receive means and the discharging liguid
receive means thereby successively executing the operation
of absorbing heat.

Under the above arrangement, during the operation of
absorbing heat of the user-side means (3), refrigerant is
circulated between the charging liquid receive means (25a,
25b) and the user-side means (3) at all times so that the
operation of absorbing heat of the user-side means (3) can
be successively executed.

Accordingly, since the above arrangement provides a
continuous operation of absorbing heat of the user-side means
(3). when the device having the above arrangement is applied
to an air conditioner for cooling a room, cooling operation
can be successively executed thereby increasing
comfortableness of the room.

In this case, each of the cold heat source means (2a,
2b} is preferably placed at a position higher than that of
the hot heat source means (1).

Further, the control means {C) is preferably configured
to control the gas flow selecting means (8) and the liguid
flow selecting means (9) to execute an operation of recovering

refrigerant when liguid refrigerant in the hot heat source
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means (1) becomes short of a specified amount of storage, in
a manner that gas refrigerant is supplied from the hot heat

source means (1) to the charging liguid receive means (25a,

25b) to equalize pressures of the hot heat source means (1)

and the charging liquid receive means (25a, 25b) so that a
flow of liquid refrigerant from the liquid receive means (25a,

25b) to the hot heat source means (1) is produced thereby
recovering liquid refrigerant in the liquid receive means (25a,
25b) to the hot heat source means {1).

Under the above arrangement, when the storage amount of
liquid refrigerant in the hot heat source means (1) becomes
small, liquid refrigerant is recovered to the hot heat source
means (1).

Accordingly, in the arrangement of the invention, since
ligquid refrigerant can be recovered while the operation of
absorbing heat of the user-side means (3) is continued, this
enables a continuous operation of the user-side means (3).

In this case, the gas flow selecting means {8) preferably
includes: first shut-off valves (EV7-1, EV7-2) which are
provided between the hot heat source means (1) and connection
points of the gas flow pipes {(4a, 4b) with the gas pipes (26a,
26b)} and correspond to the liquid receive means (25a, 25b),
respectively; and second shut~off valves (EV8-~1, EV8~2) which
are provided between the cold heat source means {2) and the
connection points of the gas flow pipes {4a, 4b) with the gas
pipes (26a, 26b) and correspond to the liquid receive means
(25a, 25b)}, respectively.

In addition, the control means (C) 1is preferably
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configured to allow: each of the first shut-off valves (EV7-1,
EV7-2) to be closed at the supply of liquid refrigerant from
the cold heat source means (2) to the liquid receive means
(25a, 25b) corresponding to the first shut-off valve (EV7-1,
EV7-2}) but to be open during the operation of recovering the
ligquid refrigerant in the ligquid receive means (25a, 25b)
corresponding to the first shut-off valve (EV7-1, EV7-2); and
each of the second shut-off valves (EV8-1, EV8-2) to be closed
at the supply of gas refrigerant from the hot heat source means
(1) to the liquid receive means (25a, 25b) corresponding to
the second shut-off valve (EV8-1, EV8-2) but to be open at
the transfer of liquid refrigerant from the cold heat source
means (2} to the liquid receive means {25a, 25b) corresponding
to the second shut-off valve (EV8-1, EV8-2}).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the liquid £flow
selecting means (9) preferably includes: a shut-off valve
(BV4) provided at a recovery flow side part of the liquid flow
pipes (5a, 5b) between the hot heat source means (1) and
connection points with the liguid i)ipes {(27a, 27b); first
check valves (CV1i-1, CV1-2) which are provided at recovery
flow side parts of the liquid flow pipes (5a, 5b) respectively
and each allow only a flow toward the hot heat source means
{1) and the user-side means (3): and second check valves (CV2-1,

CV2-2) which are provided between the cold heat source means

~{2) and the connection points of the liquid flow pipes (5a,
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5b) with the liquid pipes (27a, 27b) and allow only flows
toward the liquid receive means {25a, 25b), respectively.

In addition, the control means (C) 1is preferably
configured to open the shut-off valve (EV4) during the
operation of recovering liquid refrigerant in the discharging
liguid receive means (25a, 25b).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

When the plurality of the ligquid receive means (25a, 25b)
are provided, the control means (C) may be configured to
selectively execute the operation of radiating heat of the
user-side means (3) and the operation of absorbing heat of
the user-side means {(3).

Under the arrangement, both effects of the operations
of radiating and absorbing heat of the user-side means (3}
can be obtained. This increases practicality.

In this case, the control means (C) is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means (9) to execute an operation
of recovering refrigerant when liguid refrigerant in the hot
heat source means (1) becomes short of a specified amount of
storage during the operation of absorbing heat of the
user-side means (3), in a manner that gas refrigerant is
supplied from the hot heat source means (1) to the charging
liquid receive means (25a, 25b) to equalize pressures of the

hot heat source means (1) and the charging liquid receive means
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{(25a, 25b) so that a flow of liguid refrigerant from the cold
heat source means (2) to the hot heat source means (1)} is
produced thereby recovering liquid refrigerant in the liquid
receive means {(25a, 25b) to the hot heat source means {(1).

Under the above arrangement, when the storage amount of
liguid refrigerant in the hot heat source means (1} becomes
small, liquid refrigerant is recovered to the hot heat source
means {(1).

Accordingly, in the arrangement of the invention, since
liquid refrigerant can be recovered while the operation of
absorbing heat of the user-side mans (3) is continued, this
enables a continuous operaticon of the user-side means (3).

Further, in this case, the gas flow selecting means (8)
preferably includes: first shut-off valves (EV7-1, EV7-2)
which are provided between the hot heat source means (1) and
connection points of the gas flow pipes (4a, 4b) with the gas
pipes (26a, 26b) and correspond to the liquid receive means
{25a, 25b), respectively; second shut-off wvalves (EV8-1,
EV8-2) which are provided between the cold heat source means
{2) and the connection points of the gas flow pipes (4a, 4b)
with the gas pipes {(26a, 26b) and correspond to the liquid
receive means (25a, 25b), respectively; a third shut-off valve
(EV2) provided in the gas pipe (6); and a fourth shout-off
valve (EV3) provided in a connecting pipe {(20) for connecting
the user-side means {3} and the cold heat source means (2}.

In addition, the control means (C) is preferably
configured to allow: the first shut-off valve (EV7-1, EV7-2)

corresponding to the charging liguid receive means (25a, 25b)
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to be closed at the transfer of liquid refrigerant from the
user-side means (3) to the liquid receive means {25a, 25b)
during the operation of radiating heat and at the transfer
of liquid refrigerant from the cold heat source means {2) to
the liquid receive means (25a, 25b) during the operation of
absorbing heat: the first shut-off valve (EV7-1, EV7-2)
corresponding to the discharging liquid receive means (25a,
25b)} to be open during the operation of recovering liquid
refrigerant from the liquid receive means (25a, 25b) to the
hot heat source means (1); the second shut-off valve {EV8-1,
EV8-2) corresponding to the discharging liquid receive means
(25a, 25b) to be closed at the supply of gas refrigerant from
the hot heat source means (1) to the 1liquid receive means (25a,
25b}); the second shut-off valve (EV8-1, EV8-2) corresponding
to the charging liquid receive means (25a, 25b) to be open
at the transfer of liquid refrigerant from the cold heat source
means (2) to the liqguid receive means (25a, 25b); the third
shut-off valve (EV2) to be open only during the operation of
radiating heat of the user-side means (3); and the fourth
shut-off valve (EV3) to be open only during the operation of
absorbing heat of the user-side means (3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

* Furthermore, in the above case, the 1liquid flow
seleéting means (9) preferably includes: a first shut-off
valve (EV4) provided at a recovery flow side part of the liquid

flow pipes (5a, 5b) between the hot heat source means (1) and
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connection points with the liquid pipes (27a, 27b); first
check valves (CV1-1, CV1-2) which are provided at recovery
flow side parts of the liquid flow pipes {(5a, 5b)} respectively
and each allow only a flow toward the hot heat source means
(1) and the user-side means (3); second check valves (CV2-1,
CV2-2) which are provided between the cold heat source means
{2) and connection points of the liguid flow pipes (5a, 5Db)
with the liguid pipes (27a, 27b) and allow only flows toward
the liguid receive means (25a, 25b), respectively; a second
shut-off valve (EV9) provided in the liquid pipe (7):; and a
third shut-off valve (EV10) provided in a connecting pipe (21)
for connecting the user-side means (3) with the liguid receive
means {25a, 25b) through the second check valves (CV2-1,
CvV2-2) respectively.

In addition, the control means (C) is preferably
configured to allow: the £first shut-off valve {(EV4) to be open
only during the operation of recovering liquid refrigerant
from the liquid receive means {25a, 25b) to the hot heat source
means {(1); the second shut-off valve (EV9) to be open only
during the operation of absorbing heat of the user-side means
(3); and the third shut-off valve (EV10) to be open only during
the operation of radiating heat of the user-side means {(3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the liquid flow selecting
means (9). This provides an increased practicality of the
device.

When the plurality of the liquid receive means (25a, 25b)

are provided, as shown in Fig. 39, a plurality of the user-side
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means (3a-3d) are preferably provided, the user-side means
(3a-3d) are preferably connected to the gas flow pipes (4a,
4b) and the liquid flow pipes (5a. 5b) through the gas pipes

{6a-6d) and the liquid pipes (7a-7d) respectively in a manner

" capable of individual selection between an operation of

radiating heat and an operation of absorbing heat, and each
of the liquid receive means {25a, 25b) is preferably placed
at a position higher than that of the hot heat source means
(1).

In addition, the control means (C) is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means {(9) to execute an operation
of mainly radiating heat in which the heat balance among all
the user-side means (3a-3d) is in a heat radiative condition,
in a manner that: gas refrigerant is supplied from the hot
heat source means (1) to the discharging liquid receive means
(25a) and the heat-radiative user-side means (3} so that the
gas refrigerant is condensed in the user-side means (3) and
the liquid refrigerant condensed in the heat-radiative
user-side means (3) is transferred to the charging liguid
receive means (25b) by pressure difference between the cold
heat source means (2) which condenses the gas refrigerant at
a temperature lower than that of the heat-radiative user-
side means (3} and the heat-radiative user-side means (3) and
transferred toc the heat-absorptive user-side means (3) by
pressure difference between the heat-absorptive user-side
means (3) and the heat-radiative user-side means (3); while

the gas refrigerant 1is concurrently evaporated in the
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heat-absorptive user-side means (3) and the gas refrigerant
evaporated in the heat-absorptive user-side means (3) is
transferred to the charging liquid receive means (25b) by
pressure difference between the cold heat source means (2)
and the heat-absorptive user-side means (3) caused due to
refrigerant condensation in the cold heat source means (2).

Further, the control means (C) is preferably configured:
(a) when liguid refrigerant in the charging ligquid receive
means (25b) exceeds a specified amount of storage, to change
the charging liguid receive means (25b) into the discharging
ligquid receive means (25b) to execute an operation of
recovering refrigerant and change the remaining discharging
liguid receive means (25a) into the charging liquid receive
means {(25a), whereby the supply of gas refrigerant from the
hot heat source means (1) to the charging 1iguid receive means
(25a) is stopped, gas refrigerant is supplied from the hot
heat source means (1) to the heat—radiative user-side means
{3) and is condensed in the heat-radiative user-side means
{3) thereby allowing the operation of radiating heat to be
continued, and gas refrigerant is supplied from the hot heat
source means (1) to the discharging liquid receive means (25b)
to equalize pressures of the hot heat source means (1) and
the discharging l1iquid receive means (25b) thereby producing
a flow of liquid refrigerant from the discharging liquid
receive means {25b) to the hot heat source means (1) to recover
the liquid refrigerant in the discharging liguid receive means
{25b) to the hot heat source means (1)}; and (b} to alternately

change each of the liguid receive means (25a, 25b) between
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the charging liquid receive means and the discharging liquid
receive means thereby successively executing the operation
of radiating heat.

Under the above arrangement, refrigerant is circulated
between each of the user-side means (3a-3d) and each of the
liquid receive means {25a, 25b) so that heat radiation or heat
absorption is executed in each of the user-side means (3a-34).

When the plurality of the liguid receive means {(25a, 25b)
are provided, a plurality of the user-side means (3a-3d) are
preferably provided, the user-side means (3a-3d) are
preferably connected to the gas flow pipes (4a, 4b) and the
ligquid flow pipes (5a, 5b) through the gas pipes (6a-6d) and
the liquid pipes (7a-7d) respectively in a manner of
individual selection between an operation of radiating heat
and an operation of absorbing heat, and each of the cold heat
source means (2a, 2b) is preferably placed at a position higher
than that of the hot heat source means (1).

In addition, the contreol means (C) 1is preferably
configured to control the gas flow selecting means (8) and
the liquid flow selecting means {(9) to execute an operation
of mainly absorbing heat in which the heat balance among all
the user-side means (3a-34) is in a heat absorptive condition,
in a manner that: gas refrigerant is supplied from the hot
heat source means (1) to the heat-radiative user-side means
{3) and is condensed in the user-side means (3) and the ligquid
refrigerant condensed in the heat-radiative user-side means
{3) is transferred to the heat-absorptive user-side means (3)

by pressure difference between the heat-radiative user-side
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means (3) and the heat-absorptive user-side means (3) while
gas refrigerant is supplied from the hot heat source means
(1) to the discharging liquid receive means (25a) to push out
liguid refrigerant in the discharging liquid receive means
(25a) to the heat-absorptive user-side means (3); the liquid
refrigerant is evaporated in the heat-absorptive user-side
means (3) while gas refrigerant is condensed in the cold heat
source means {(2), and the gas refrigerant evaporated in the
heat~absorptive user-side means (3} is transferred to the
charging liquid receive means (253b) by pressure difference
between the heat-absorptive user-side means (3) and the cold
heat source means (2) caused due to drop in pressure of the
cold heat source means (2).

Further, the control means (C) is preferably configured:
{a) when liquid refrigerant in the charging liguid receive
means (25b) exceeds a specified amount of storage, to change
the charging liguid receive means (25b) and the remaining
discharging liquid receive means {(25a) into the discharging
ligquid receive means (25b) and the charging liguid receive
means (25a) respectively, whereby the supply of gas
refrigerant from the hot heat source means (1) to the charging
liquid receive means (25a) is stopped while gas refrigerant
is supplied from the hot heat source means (1) to the
discharging liquid receive means (25b) and the heat-radiative
user-side means (3) so that the liquid refrigerant in the
discharging ligquid receive means (25b)} is pushed out to the
heat-absorptive user-side means {(3) thereby allowing the

operation of absorbing heat to be continued; and (b)) to
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alternately change each of the 1liquid receive means (25a, 25b)
between the charging liquid receive means and the discharging
liquid receive means thereby successively executing the
operation of absorbing heat.

Under the above arrangement, refrigerant is circulated
between each the user-side means (3a-3d) and each of the liquid
receive means (25a, 25b) so that heat radiation or heat
absorption is executed in each of the user-side means (3a-34).

In this case, each of the liquid receive means (25a, 25b)
is preferably placed at a position higher than that of the
hot heat source means (1}.

Further, the control means (C)} is preferably configured
to control the gas flow selecting means (8) and the liquid
flow selecting means (9) to execute an operation of recovering
refrigerant when liquid refrigerant in the hot heat source
means (1) becomes short of a specified amount of storage during
the operation of mainly absorbing heat, in a manner that gas
refrigerant is supplied from the hot heat source means (1)
to the charging liquid receive means {(25a, 25b) to equalize
pressures of the hot heat source means (1) and the charging
liquid receive means {(25a, 25b) so that a flow of liquid
refrigerant from the liquid receive means {(25a, 25b) to the
hot heat source means {1} is produced thereby recovering
liguid refrigerant in the liquid receive means {(25a, 25b) to
the hot heat source means (1).

Under the above arrangement, when the storage amount of
liquid refrigerant in the hot heat source means (1)} becomes

small, liquid refrigerant is recovered to the hot heat source

59



10

15

20

25

means (1).

Accordingly, in the arrangement of the invention, since
liquid refrigerant can be recovered while the operation of
absorbing heat of the user-side means (3) is continued, this
enables a continuous operation of the user-side means (3).

When the plurality of liquid receive means (25a, 25b)
and a plurality of user-side means (3a-3d) are provided, the
control means (C) of the invention may be configured to
selectively execute the operation of mainly radiating heat
of the user-side means (3) and the operation of mainly
absorbing heat of the user-side means (3).

Under the arrangement, both effects of the operation of
mainly radiating heat of the user-side means (3) and the
operation of mainly absorbing heat of the user-side means (3)
can be obtained. This increases practicality.

In this case, the gas flow selectingmeans (8) preferably
includes: first shut-off wvalves (EV7-1, EV7-2) which are
provided between the hot heat source means (1) and connection
points of the gas flow pipes (4a, 4b) with the gas pipes (26a,
26b) and correspond to the liquid receive means (25a, 25bj),
respectively; second shut-off valves (EV8-1, EV8-2) which are
provided between the cold heat source means (2) and connection
points of the gas £low pipes (4a, 4b) with the gas pipes (26a,
26b) and correspond to the liguid receive means (25a, 25b),
respectively; third shut-off valves (EV2-1 to EV2-4) provided
in the gas pipes {6a-64d) and corresponding to the user-side
means {3a-3d), respectively; a plurality of connecting pipes

{10a-10d) which are each connected at one side thereof between

60



10

15

20

25

the second shut-off valves (EV8-1, EV8-2) and the cold heat
source means (2) and are connected at the other side between
the third shut-off valves (EV2-1 to EV2-4) and the user-side
means (3a-34) respectively; and fourth shut-off valves (EV3-1
to EV3-4) provided in the connecting pipes (10a-104) and
corresponding to the user-side means (3a-3d), respectively.

In addition, the control means (C) is preferably
configured to allow: the first shut-off valve (EV7-1, EV7-2)
corresponding to the charging liguid receive means (25a, 2Z5b)
to be closed at the transfer of liguid refrigerant from the
heat-radiative user-side means (3) to the 1liquid receive means
{25a, 25b) during the operation of mainly radiating heat and
at the transfer of ligquid refrigerant £rom the cold heat source
means (2) to the liquid receive means (25a, 25b) during the
operation of mainly absorbing heat; and the first shut-off
valve (EV7-1, EV7-2) corresponding to the discharging liquid
receive means {(25a, 25b) to be open at the supply of gas
refrigerant from the hot heat source means (1) to the liquid
receive means (2ba, 25b).

Further, the control means {(C) is preferably configured
to allow: the second shut-off valve (EV8-1, EV8-2)
corresponding to the discharging liquid receive means {(25a,
25b) to be closed at the supply of gas refrigerant from the
hot heat source means (1) to the liguid receive means (25a,
25b); the second shut-off valve (EV8-1, EV8-2) corresponding
to the charging liguid receive means (25a, 25b) to be open
at the transfer of liquid refrigerant from the cold heat source

means {(2) to the liquid receive means {(25a, 25b)}; each of the
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third shut-off valves (EV2-1 to EV2-4) to be open only during
the operation of radiating heat of the corresponding user-side
means (3})}; and each of the fourth shut-off valves (EV3-1 to
EV3-4) to be open only during the operation of absorbing heat
of the corresponding user-side means (3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the gas flow selecting means
(8). This provides an increased practicality of the device.

Furthermore, in the above case, the liguid flow
selecting means (9) preferably includes: a first shut-off
valve {(EV4) provided between the hot heat source means (1)
and connection points of the liguid flow pipe (5) with the
liguid pipes (27a, 27b); first check valves (CV1i-1, CV1-2)
which are provided between the hot heat source means (1) and
connection points of the liquid flow pipes (5a, 5b) with the
liguid pipes (27a, 27b) respectively and each allow only a
flow toward the hot heat source means (1) and the user-side
means (3a-3d); second check valves {CV2-1, CV2-2) which are
provided between the cold heat source means {2) and connection
points of the liguid flow pipes {5a, 5b) with the 1iguid pipes
(27a, 27b) and allowonly £lows toward the ligquid receive means
{(25a, 25b}), respectively; a second shut-off wvalve (EV9)
provided in the liquid pipe (7):; and a third shut-off valve
(EV10) provided in a connecting pipe (21) for connecting the
user-side means (3a~-3d) with the liquid receive means (25a,
25b) through the second check wvalves (CV2-1, (CV2-2)
respectively.

In addition, the control means (C) is preferably
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configured to allow: the first shut-off valve (EV4) to be open
only during the operation of recovering liquid refrigerant
from the liquid receive .means {25a, 25b) to the hot heat source
means (1); the second shut-off valve (EV9) to be open only
during the operation of mainly absorbing heat of the user-side
means (3); and the third shut-off valve (EV10) to be open only
during the operation of mainly radiating heat of the user-side
means (3).

Accordingly, the above arrangement of the invention can
provide concrete organization of the ligquid flow selecting
means {2). This provides an increased practicality of the
device.

Preferably, the hot heat source means (1) is configured
to evaporate refrigerant by receiving an amount of heat from
refrigerant for heat source circulating in a heat source-
side refrigerant circuit (A) and the cold heat source means
{2) is configured to condense refrigerant by losing an amount
of heat to the refrigerant for heat source.

In addition, the heat source-side refrigerant circuit
(A) preferably comprises: heating heat exchange means (12)
for exchanging heat with the hot heat source means (1) to give
an amount of heat for evaporating refrigerant to the hot heat
source means (1); cooling heat exchange means (15) for
exchanging heat with the cold heat source means (2} to take
an amount of heat for condensing refrigerant from the cold
heat source means (2); and heat exchange amount adjusting
means {(14) for giving, to the refrigerant for heat source,

a difference between both the heat exchange amounts of the
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heating heat exchange means {(12) and the cooling heat exchange
means (15) during the operation of radiating heat of the
user-side means (3) when the heat exchange amount of the
heating heat exchange means (12) is larger than that of the
cooling heat exchange means (15).

Under the above arrangement, during the operation of
radiating heat of the user-side means (3) when the heat
exchange amount of the heating heat exchange means (12} is
larger than that of the cooling heat exchange means {15), the
heat exchange amount adjusting means {(14) gives an amount of
heat to the refrigerant for heat source by a difference between
both the heat exchange amounts. The heat exchange amount
adjusting means (14) thus gives an amount of heat to the
refrigerant for heat source so that the amount of heat radiated
and the amount of heat absorbed become egual as the whole heat
source-side refrigerant circuit (A).

Accordingly, the above arrangement of the invention
provides an excellent circulation of refrigerant in the heat
source~-side refrigerant circuit (A}, and gives stability to
the supply of heat amount to the hot heat source means (1)
and to the recovery of heat amount from the cold heat source
means (2). This achieves a highly efficient operating
condition of the user-side means (3).

In this case, the heat source-side refrigerant circuit
{A) is preferably configured in a manner that refrigerant
heating means (11}, the heating heat exchange means (12),
expansion mechanism (13), the heat exchange amount adjusting

means {(14) and the cooling heat exchange means {15) are
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connected in this order in a manner capable of circulating
refrigerant.

In addition, preferably, the heat source-side
refrigerant circuit (A) further comprises a bypass passage
(17) which 1is connected at one end thereof between the
expansion mechanism (13) and the heat exchange amount
adjusting means (14) and at the other end between the heat
exchange amount adjusting means (14) and the cooling heat
exchange means (15), and the bypass passage (17) is provided
with a flow control valve (18) adjustable in opening for
controlling a flow rate of refrigerant flowing into the heat
exchangeamountadjustingmeans(14)accordingtx>adifference
between the heat exchange amount of the heating heat exchange
means (12) and that of the cooling heat exchange means (15).

Under the above arrangement, a flow rate of refrigerant
flowing into the heat exchange amount adjusting means (14)
is controlled by the flow control valve (18) so that an amount
of heat to be given from the heat exchange amount adjusting
means (14) to refrigerant for heat source is controlled. As
a result, the amount of heat radiated and the amount of heat
absorbed become equal as the whole heat source-side
refrigerant circuit (A).

Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-side
refrigerant circuit (A). This provides an increased
practicality of the device.

Further, in the above case, the heat source-side

refrigerant circuit (A) is preferably configured in a manner
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that refrigerant heatingmeans (11), the heating heat exchange
means (12), expansion mechanism {(18a) and the cooling heat
exchange means (15) are connected in this order in a manner
capable of circulating refrigerant.

In addition, preferably, the heat source-side
refrigerant circuit (A) further comprises a bypass passage
(17) for bypassing the cooling heat exchange means (15) and
directly introducing refrigerant from the heating heat
exchange means {(12) into the refrigerant heating means (11},
and the bypass passage (17) is provided with the heat exchange
amount adjusting means {(14).

Furthermore, in this case, the bypass passage (17) is
preferably connected at one end thereof between the heating
heat exchange means (12) and the expansion mechanism (18a)
and at the other end between the cooling heat exchange means
{15) and the refrigerant heating means (11). In addition, a
flowcontrol valve (18b) adjustable in opening for controlling
a flow rate of refrigerant flowing intc the heat exchange
amount adjusting means (14) according to a difference between
the heat exchange amount of the heating heat exchange means
{12) and that of the cooling heat exchange means (15} and for
reducing the pressure of refrigerant for heat source is
preferably provided between one end of the bypass passage {17)
and the heat exchange amount adjusting means (14).

Under the above arrangement, a £flow rate of refrigerant
flowing into the heat exchange amount adjusting means (14)
is controlled by the flow control valve (18b) so that an amount

of heat to be given from the heat exchange amount adjusting
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means (14) to refrigerant for heat source is controlled. As
a result, the amount of heat radiated and the amount of heat
absorbed become equal as the whole heat source-side
refrigerant circuit (A).

Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-side
refrigerant circuit (A). This provides an increased
practicality of the device.

Preferably, the hot heat source means (1) is configured
to evaporate refrigerant by receiving an amount of heat from
refrigerant for heat source circulating in a heat source-
side refrigerant circuit (A) and the cold heat source means
(2} is configured to condense refrigerant by losing an amount
of heat to the refrigerant for heat source.

In addition, the heat source-side refrigerant circuit
(A) preferably comprises: heating heat exchange means (12)
for exchanging heat with the hot heat source means (1) to give
an amount of heat for evaporating refrigerant to the hot heat
source means (1): cooling heat exchange means (15) for
exchanging heat with the cold heat source means (2) to take
an amount of heat for condensing refrigerant from the cold
heat source means (2); and heat exchange amount adjusting
means (14) for taking, from the refrigerant for heat source,
a difference between both the heat exchange amounts of the
heating heat exchange means (12) and the cooling heat exchange
means (15) during the operation of absorbing heat of the
user-side means (3) when the heat exchange amount of the

heating heat exchange means (12) is smaller than that of the
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cooling heat exchange means (15).

Under the above arrangement, during the operation of
absorbing heat of the user-side means (3) when the heat
exchange amount of the heating heat exchange means {(12) is
smaller than that of the cooling heat exchange means (15},
the heat exchange amount adjusting means (14) takes an amount
of heat from the refrigerant for heat source by a difference
between both the heat exchange amounts. The heat exchange
amount adjusting means (14) thus takes an amount of heat from
the refrigerant for heat source so that the amount of heat
radiated and the amount of heat absorbed become equal as the
whole heat source-side refrigerant circuit (A).

Accordingly, the above arrangement of the invention
provides an excellent circulation of refrigerant in the heat
source-side refrigerant circuit (A), and gives stability to
the supply of heat amount to the hot heat source means (1)
and to the recovery of heat amount from the cold heat source
means (2). This achieves a highly efficient operating
condition of the user-side means (3).

In this case, the heat source-side refrigerant circuit
(A) is preferably configured in a manner that refrigerant
heating means (11), the heating heat exchange means (12), the
heat exchange amount adjusting means (14), expansion
mechanism (13) and the cooling heat exchange means (15) are
connected in this order in a manner capable of circulating
refrigerant.

In addition, preferably, the  heat source-side

refrigerant circuit (A) further comprises a bypass passage
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(17) which is connected at one end thereof between the
expansion mechanism (13) and the heat exchange amount
adjusting means (14} and at the other end between the heat
exchange amount adjusting means (14) and the cooling heat
exchange means {15), and the bypass passage {(17) is provided
with a flow control valve (18) adjustable in opening for
controlling a flow rate of refrigerant flowing into the heat
exchange amount adjusting means (14) according toa difference
between the heat exchange amount of the heating heat exchange
means (12) and that of the cooling heat exchange means (15).

Under the above arrangement, a flow rate of refrigerant
flowing into the heat exchange amount adjusting means {(14)
is controlled by the flow control valve (18) so that an amount
of heat to be taken from refrigerant for heat source by the
heat exchange amount adjusting means (14) is controlled. As
a result, the amount of heat radiated and the amount of heat
absorbed become equal as the whole heat source-side
refrigerant circuit (A}.

Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-side
refrigerant circuit (A). This provides an increased
practicality of the device.

Further, 1in the above case, the heat source-side
refrigerant circuit (A) is preferably configured in a manner
that refrigerant heatingmeans (11}, the heating heat exchange
means (12), expansion mechanism (18a) and the cooling heat
exchange means (15) are connected in this order in a manner

capable of circulating refrigerant.
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In addition, preferably, the heat source-side
refrigerant circuit (A) further comprises a bypass passage
(17) for bypassing the heating heat exchange means (12) and
directly introducing refrigerant from the refrigerant
heating means (11) into the cooling heat exchange means (15),
and the bypass passage (17) is provided with the heat exchange
amount adjusting means (14).

Furthermore, in this case, the bypass passage (17) is
preferably connected at one end thereof between the expansion
mechanism (18a) and the cooling heat exchange means (15) and
at the other end between the refrigerant heating means (11)
and the heating heat exchange means (12). In addition, a flow
control valve (18b) adjustable in opening for controlling a
flow rate of refrigerant flowing into the heat exchange amount
adjusting means (14) according to a difference between the
heat exchange amount of the heating heat exchange means (12)
and that of the cooling heat exchange means (15) and for
reducing the pressure of refrigerant for heat source is
preferably provided between one end of the bypass passage (17)
and the heat exchange amount adjusting means (14).

Under the above arrangement, a flow rate of refrigerant
flowing into the heat exchange amount adjusting means (14)
is controlled by the flow control valve (18b) so that an amount
of heat to be taken from refrigerant for heat source by the
heat exchange amount adjusting means (14) is controlled. As
a result, the amount of heat radiated and the amount of heat
absorbed become equal as the whole heat source-side

refrigerant circuit (A).
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Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-side
refrigerant circuit (A). This provides an increased
practicality of the device.

Preferably, the hot heat source means (1) is configured
to evaporate refrigerant by receiving an amount of heat from
refrigerant for heat source circulating in a heat source-
side refrigerant circuit {(A) and the cold heat source means
(2) is configured to condense refrigerant by losing an amount
of heat to the refrigerant for heat source.

In addition, the heat source-side refrigerant circuit
(A) preferably comprises: heating heat exchange means (12)
for exchanging heat with the hot heat source means (1) to give
an amount of heat for evaporating refrigerant to the hot heat
source means (1); cooling heat exchange means (15) for
exchanging heat with the cold heat source means (2) to take
an amount of heat for condensing refrigerant from the cold
heat source means (2):; and heat exchange amount adjusting
means {(14) for giving, to the refrigerant for heat source,
a difference between both the heat exchange amounts of the
heating heat exchange means (12) and the cooling heat exchange
means (15) during the operation of radiating heat of the
user-side means (3) when the heat exchange amount of the
heating heat exchange means (12) is larger than that of the
cooling heat exchange means (15), but taking, from the
refrigerant for heat source, a difference between both the
heat exchange amounts of the heating heat exchange means (12)

and the cooling heat exchange means (15) during the operation

71



10

15

20

25

of absorbing heat of the user-side means {3) when the heat
exchange amount of the heating heat exchange means (12) is
smaller than that of the cooling heat exchange means (15).

Under the above arrangement, during the operation of
radiating heat of the user-side means (3) when the heat
exchange amount of the heating heat exchange means (12) is
larger than that of the cooling heat exchange means (15), the
heat exchange amount adjusting means (14) gives an amount of
heat to the refrigerant for heat source by a difference between
both the heat exchange amounts, and on the other hand, during
the operation of absorbing heat of the user-side means (3)
when the heat exchange amount of the heating heat exchange
means (12) is smaller than that of the cooling heat exchange
means {15), the heat exchange amount adjusting means (14)
takes an amount of heat from the refrigerant for heat source
by a difference between both the heat exchange amounts. In
other words, the manner of heat exchange between the heat
exchange amount adjusting means (14) and the refrigerant for
heat source is changed according to the operation mode of the
user-side means (3}, so that the amount of heat radiated and
the amount of heat absorbed become equal as the whole heat
source-side refrigerant circuit (A).

Accordingly, the above arrangement of the invention
provides an excellent circulation of refrigerant in the heat
source-side refrigerant circuit (A), and gives stability to
the supply of heat amount to the hot heat source means (1)
and to the recovery of heat amount from the cold heat source

means (2). This achieves a highly efficient operating
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condition of the user-side means (3).

In this case, the heat source-side refrigerant circuit
(A) is preferably configured in a manner that refrigerant
heating means (11), the heating heat exchange means (12),
expansion mechanism (13), the heat exchange amount adjusting
means (1l4) and the cocoling heat exchange means (15) are
connected in this order in a manner capable of circulating
refrigerant.

In addition, preferably, the Theat source-side
refrigerant circuit (A} further comprises: a four-way
selector wvalve (19) which selects, during the heating
operation of the user-side means (3), a heating operation
position that allows refrigerant from the heating heat
exchange means (12) to pass through the expansion mechanism
{13), the heat exchange amount adjusting means (14) and the
cooling heat exchange means (15) in this order and selects,
during the cooling operation of the user-side means {(3), a
cooling operation position that allows refrigerant £rom the
heating heat exchange means {12) to pass through the heat
exchange amount adjusting means (14), the expansion mechanism
{(13) and the cooling heat exchange means {15} in this order:
and a bypass passage {17) which is connected at one end thereof
between the expansion mechanism (13) and the heat exchange
amount adjusting means (14) and at the other end between the
heat exchange amount adijusting means (14) and the four-way
selector valve (19), and the bypass passage (17) is provided
with a flow control wvalve (18) adjustable in opening for

controlling a f£flow rate of refrigerant flowing into the heat
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exchange amount adjusting means (14) according to a difference
between the heat exchange amount of the heating heat exchange
means (12) and that of the cooling heat exchange means (15).

Under the above arrangement, a £flow rate of refrigerant
flowing into the heat exchange amount adjusting means {14)
is controlled by the flow control valve (18) so that an amount
of heat to be given and taken between the heat exchange amount
adjusting means (14) and refrigerant for heat source is
controlled. As a result, the amount of heat radiated and the
amount of heat absorbed become equal as the whole heat
source-side refrigerant circuit (A).

Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-sgide
refrigerant circuit (A). This provides an increased
practicality of the device.

Further, in the above case, the heat source-side
refrigerant circuit (A) is preferably configured in a manner
that refrigerant heatingmeans {(11), the heating heat exchange
means (12), expansion mechanism {(18c) and the cooling heat
exchange means {15) are connected in this order in a manner
capable of circulating refrigerant.

In addition, preferably, the heat source-side
refrigerant circuit (A) further comprises a bypass passage
{(17) for bypassing the cooling heat exchange means {15) during
the heating operation of the user-side means (3) to introduce
refrigerant from the heating heat exchange means (12) into
the refrigerant heatingmeans {11) while bypassing the heating

heat exchange means (12) during the cooing operation of the
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user-side means (3) to introduce refrigerant £from the
refrigerant heating means (11) into the cooling heat exchange
means (15), and the bypass passage (17) is provided with the
heat exchange amount adjusting means (14) and a pressure
reduction mechanism (18) for reducing the pressure of
refrigerant during the heating operation of the user-side
means (3).

Furthermore, in this case, one end of the bypass passage
(17) is preferably divided into a suction branch pipe (16a)
and a discharge branch pipe (16b), the suction branch pipe
(1l6a) is connected to a suction side of the refrigerant heating
means (11), and the discharge branch pipe (16b) is connected
to a discharge side of the refrigerant heating means (11).
In addition, preferably, the suction branch pipe (16a) is
provided with a shut-off valve (EVI) which is open during the
heating operation of the user-side means (3) and is closed
during the cooling operation thereof, and the discharge branch
pipe (16b) is provided with a shut-off valve (EVO) which is
closed during the heating operation of the user-side means
(3) and is open during the cooling operation thereof.

Under the above arrangement, a flow rate of refrigerant
flowing into the heat exchange amount adjusting means (14)
is controlled by the flow control valve (18b) so that an amount
of heat to be given and taken between the heat exchange amount
adjusting means (14) and refrigerant for heat source is
controlled. As a result, the amount of heat radiated and the
amount of heat absorbed become equal as the whole heat

source-side refrigerant circuit (A).
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Accordingly, the above arrangement of the invention can
provide concrete organization of the heat source-side
refrigerant circuit (A). This provides an increased
practicality of the device.

Preferably, the heat source-side refrigerant circuit
(A) further comprises defrosting means (31) for supplying
refrigerant discharged from the refrigerant heating means
(11) to the heat exchange amount adjusting means (14) to
defrost the heat exchange amount adjusting means (14) when
the heat exchange amount adjusting means (14) is frosted.

Under the above arrangement, frost on the heat exchange
amount adjusting means (14) is promptly eliminated.

Accordingly, the above arrangement of the invention can
defrost the heat exchange amount adjusting means (14) with
reliability in a short time. This increases heat radiation
performance of the user-side means (3).

Preferably, the heat source-side refrigerant circuit
(A} further comprises defrosting means {31) for supplying
refrigerant discharged from the refrigerant heating means
(11) to the heat exchange amount adjusting means (14) to
defrost the heat exchange amount adjusting means (14) when
the heat exchange amount adjusting means (14) is frosted, and
the defrosting means (31) comprises: a hot gas pipe (32) which
is connected at one end thereof to a discharge side of the
refrigerant heating means (11) and at the other end to the
heat exchange amount adjusting means (14); a shut-off valve
(EVD1l) which is provided in the hot gas pipe (32) and is opened

only under defrosting operation; a suction pipe (33) for
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introducing refrigerant having passed through the heat
exchange amount adjusting means {14), the expansion mechanism
(13) and the heating heat exchange means (12) into a suction
side of the refrigerant heating means (11); and a shut-off
valve (EVD2) which is provided in the suction pipe (33) and
is opened only under defrosting operation.

Accordingly, the above arrangement of the invention can
provide concrete organization of the defrosting means (31).
This provides an increased practicality of the device.

Preferably, the heat source-side refrigerant circuit
(A) further comprises defrosting means (31) for supplying
refrigerant discharged from the refrigerant heating means
{11) to the heat exchange amount adjusting means (14) to
defrost the heat exchange amount adjusting means {14) when
the heat exchange amount adijusting means (14) is frosted, and
the defrosting means (31) comprises: a shut-off valve (EVD4)
which is provided between the refrigerant heating means (11)
and the heating heat exchange means (12) and is closed under
defrosting operation; a connecting pipe (33) which is
connected at one end thereof between the shut-off valve (EVD4)
and the heating heat exchange means (12) and at the other end
to a suction side of the refrigerant heating means (11): and
a shut-off valve (EVD3)} which is provided in the connecting
pipe (33} and is closed under defrosting operation.

Accordingly, the above arrangement of the invention can
provide concrete organization of the defrosting means (31).
This provides an increased practicality of the device.

The refrigerant heating means of the invention is
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preferably a compressor (11).

Accordingly, the arrangement of the invention can supply
to refrigerant for heat source, an amount of heat to be given
to the hot heat source means (1), with reliability. This
provides an increased reliability of the device.

[Brief Description of Drawings]

Fig. 1 is a diagram showing the entire structure of
refrigerant circuitry of a first embodiment of the invention.

Fig. 2 shows diagrams for illustrating refrigerant
circulation in the first embodiment.

Fig. 3 is a diagram showing a secondary refrigerant
circuit of a second embodiment of the invention.

Fig. 4 shows diagrams corresponding to Fig. 2 in the
second embodiment.

Fig. 5 is a diagram showing a modification of a gas flow

.selecting means.

Fig. 6 is a diagram showing a modification of a liquid
fiow selecting means.

Fig. 7 is a diagram showing a secondary refrigerant
circuit of a third embodiment of the invention.

Fig. 8 shows diagrams corresponding to Fig. 2 Ffor
illustrating a heating operation mode in the third embodiment.

Fig. 9 shows diagrams corresponding to Fig. 2 for
illustrating a cooling operation mode in the third embodiment.

Fig. 10 is a diagram showing a modification of a gas flow
selecting means.

Fig. 11 is a diagram showing a modification of a liquid

flow selecting means.
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Fig. 12 is a diagram showing a secondary refrigerant
circuit of a fourth embodiment of the invention.

Fig. 13 shows diagrams corresponding to Fig. 2 for
illustrating the time when all rooms are in a heated condition
in the fourth embodiment.

Fig. 14 shows diagrams corresponding to Fig. 2 for
illustrating the time when all the rooms are in a cooled
condition in the fourth embodiment.

Fig. 15 shows diagrams corresponding to Fig. 2 for
illustrating the time when the heat balance among all the rooms
requests a heating operation in the fourth embodiment.

Fig. 16 shows diagrams corresponding to Fig. 2 for
illustrating the time when the heat balance among all the rooms
requests a cooling operation in the fourth embodiment.

Fig. 17 shows diagrams corresponding to Fig. 2 for
illustrating the time when the amount of heat radiated and
the amount of heat absorbed are equal among all indoor heat
exchangers in the Ffourth embodiment.

Fig. 18 is a diagram showing a secondary refrigerant
circuit in a modification of the invention including a single
liguid receiver.

Fig. 19 shows diagrams corresponding to Fig. 2 for
illustrating a heating operation mode in the modification
including a single liquid receiver.

Fig. 20 shows diagrams corresponding to Fig. 2 for
illustrating a cooling operation mode in the modification
including a single liquid receiver.

Fig. 21 is a diagram showing a secondary refrigerant
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circuit of a fifth embodiment of the invention.

Fig. 22 shows diagrams corresponding to Fig. 2 in the
fifth embodiment.

Fig. 23 is a diagram showing a secondary refrigerant
circuit of a sixth embodiment of the invention.

Fig. 24 shows diagrams corresponding to Fig. 2 in the
sixth embodiment.

Fig. 25 is a diagram showing a secondary refrigerant
circuit of a seventh embodiment of the invention.

Fig. 26 1is a diagram corresponding fto Fig. 2 for
illustrating a heating operation mode 1in the seventh
embodiment.

Fig. 27 is a diagram corresponding to Fig. 2 for
illustrating a cooling operation mode in the seventh
embodiment.

Fig. 28 is a diagram showing a secondary refrigerant
circuit of an eighth embodiment of the invention.

Fig. 29 is a diagram corresponding to Fig. 2 for
illustrating the time when the heat balance among all rooms
regquests a heating operation in the eighth embodiment.

Fig. 30 is a diagram corresponding to Fig. 2 for
illustrating the time when the heat balance among all the rooms
requests a cooling operation in the eighth embodiment.

Fig. 31 1is a diagram corresponding to Fig. 2 for
illustrating the time when the amount of heat radiated and
the amount of heat absorbed are equal among all indoor heat
exchangers in the eighth embodiment.

Fig. 32 is a diagram showing a secondary refrigerant
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circuit of a ninth embodiment of the invention.

Fig. 33 shows diagrams corresponding to Fig. 2 in the
ninth embodiment.

Fig. 34 is a diagram showing a secondary refrigerant
circuit of a tenth embodiment of the invention.

Fig. 35 shows diagrams corresponding to Fig. 2 in the
tenth embodiment.

Fig. 36 1is a diagram showing a secondary refrigerant
circuit of an eleventh embodiment of the invention.

Fig. 37 is a diagram corresponding to Fig. 2 for
illustrating a heating operation mode in the eleventh
embodiment.

Fig. 38 1is a diagram corresponding to Fig. 2 for
illustrating a cooling operation mode in the eleventh
embodiment.

Fig. 39 1is a diagram showing a secondary refrigerant
circuit of a twelfth embodiment of the invention.

Fig. 40 is a diagram corresponding to Fig. 2 for
illustrating the time when the heat balance among all rooms
requests a heating operation in the twelfth embodiment.

Fig. 41 is a diagram corresponding to Fig. 2 for
1llustrating the time when the heat balance among all the rooms
requests a cooling operation in the twelfth embodiment.

Fig. 42 is a diagram corresponding to Fig. 2 for
illustrating the time when the amount of heat radiated and
the amount of heat absorbed are equal among all indoor heat
exchangers in the twelfth embodiment.

Fig. 43 is a diagram corresponding to Fig. 1 in a
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thirteenth embodiment of the invention.

Fig. 44 is a diagram corresponding to Fig. 1 in a
fourteenth embodiment of the invention.

Fig. 45 is a diagram corresponding to Fig. 1 in a
fifteenth embodiment of the invention.

Fig. 46 is a diagram corresponding to Fig. 1 in a
sixteenth embodiment of the invention.

Fig. 47 is a diagram corresponding to Fig. 1 for
illustrating a modification of the sixteenth embodiment
including a defrosting circuit.

Fig. 48 1s a diagram corresponding to Fig. 1 in a
seventeenth embodiment of the invention.

Fig. 49 is a diagram corresponding to Fig. 1 for
illustrating a modification of the seventeenth embodiment
including a defrosting circuit.

Fig. 50 is a diagram corresponding to Fig. 1 in an
eighteenth embodiment of the invention.

Fig. 51 is a diagram corresponding to Fig. 1 in a
nineteenth embodiment of the invention.

Fig. 52 is a diagram corresponding to Fig. 1 in a
twentieth embodiment of the invention.

Fig. 53 is a diagram corresponding to Fig. 1 in a
twenty-first embodiment of the invention.

Fig. 54 is a diagram corresponding to Fig. 1 in a
twenty-second embodiment of the invention.

Fig. 55 is a diagram corresponding to Fig. 1 in a
twenty-third embodiment of the invention.

[Best Mode for Carrying Out the Invention]
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Below, embodiments of the present invention will be
described in detail with reference to the drawings.

The following embodiments are applications of the
present invention for refrigerant circuitry of an air
conditioner including two refrigerant circuits, i.e.,
primary and secondary refrigerant circuits. The air
conditioner executes air conditioning in a room in a manner
of circulating refrigerant in the secondary refrigerant
circuit with the use of heat amount given from the primary
refrigerant circuit to the secondary refrigerant circuit.

- First Embodiment -

First, an embodiment of a heat transfer device according
to claims 2 to 5, 59 and 60 of the invention is described with
reference to Figs. 1 and 2.

In this first embodiment, the primary and secondary
refrigerant circuits are configured for a heating-only air
conditioner.

Fig. 1 shows refrigerant circuitry of the overall heat
transfer device of this embodiment. As shown in this figure,
the refrigerant circuitry executes heat exchange between
refrigerant in the primary refrigerant circuit {A) as a heat
source-~side refrigerant circuit and refrigerant in the
secondary refrigerant circuit {(B). Below, description is made
about the primary refrigerant circuit (A) and the secondary
refrigerant circuit (B).

First described is the secondary refrigerant circuit {(B)
for exchanging heat with a room air to heat the room.

The secondary refrigerant circuit (B} is configured such
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that a hot heat source heat exchanger (1) as a hot heat source
means and a cold heat source heat exchanger (2) as a cold heat
source means are connected to each other through a gas flow
pipe (4) and a liguid flow pipe (5). The secondary refrigerant
circuit (B) forms a closed circult in which refrigerant
circulates between the hot heat source heat exchanger {1) and
the cold heat source heat exchanger (2). For the placement
of the hot heat source heat exchanger (1} and the cold heat
source heat exchanger (2), the cold heat source heat exchanger
{2) is placed at a position higher than that of the hot heat
source heat exchanger (1).

The secondary refrigerant circuit {(B) includes an indoor
heat exchanger (3) as a user-side means which is placed in
a room to be air-conditioned. The indoor heat exchanger (3)
is connected to the gas flow pipe (4) through a gas pipe (6)
and connected to the liguid flow pipe {(5) through a liqgquid
pipe (7).

Between the cold heat source heat exchanger (2) and a
connection point of the gas flow pipe (4) with the gas pipe
{(6), a solenoid valve (EV1l) forming a gas flow selecting means
(8) is provided so as to be capable of opening and closing.
The solenoid valve (EV1) are controlled, by a controller (C)
as a control means, so as to be selected between the opening
and closing states.

Further, between the hot heat source heat exchanger (1)
and a connection point of the liguid flow pipe (5) with the
liquid pipe (7), a first check valve (CV1l} is provided which

allows only a flow of liguid refrigerant from the ccld heat
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source heat exchanger (2) to the hot heat source heat exchanger
(1). In the liquid pipe (7), a second check valve (CV2) is
provided which allows only a flow of liquid refrigerant from
the indoor heat exchanger (3) to the cold heat source heat
exchanger (2). Thus, a liquid flow selecting means (9) is
formed.

Next described is the primary refrigerant circuit (A4)
for giving an amount of heat to the secondary refrigerant
circuit (B).

This circuit (A) is configured such that a compressor
(11) as a refrigerant heating means, a heating heat exchanger
(12) as a heating heat exchange means for exchanging heat with
the hot heat source heat exchanger (1), an expansion valve
(13) as an expansion mechanism, a heat amount adjusting heat
exchanger (14) as a heat exchange amount adjusting means, and
a cooling heat exchanger (15) as a cooling heat exchange means
for exchanging heat with the cold heat source heat exchanger
(2), are connected in this order so as to be capable of
circulating refrigerant through refrigerant piping {16). A
bypass passage (17) is connected at one end thereof between
the expansion valve (13) and the heat amount adjusting heat
exchanger (14) and at the other end between the heat amount
adjusting heat exchanger (14) and the cooling heat exchanger
(15). The bypass passage (17) is provided with a motor-
operated flow rate control valve (18) as a flow control valve
adjustable in opening for controlling a flow rate of
refrigerant flowing into the heat amount adjusting heat

exchanger (14). The motor-operated flow rate control valve
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(18) is controlled in its opening by the controller (C).

Next, description is made about the operation of the
refrigerant circuitry configured as above-mentioned during
an heating operation. Fig. 2 for description of the operation
shows respective rates between the storage amount of gas
refrigerant and the storage amount of liquid refrigerant in
respective heat exchangers (1, 2, 3) of the secondary
refrigerant circuit (B).

During the heating operation, first, the solenoid valve
(EV1) of the secondary refrigerant circuit (B) is closed by
the controller (C), while the motor-operated flow rate control
valve (18) of the primary refrigerant circuit (A) is
controlled in its opening by the controller (C) so as to
control a flow rate of refrigerant flowing into the heat amount
adjusting heat exchanger (14) in accordance with a difference
between the amount of heat exchange of the heating heat
exchanger (12) with the hot heat source heat exchanger (1)
and the amount of heat exchange of the cooling heat exchanger
(15) with the cold heat source heat exchanger (2).

Specifically described is the operation of refrigerant
circulation in the primary refrigerant circuit (A) and the
secondary refrigerant circuit (B).

In the primary refrigerant circuit (A), refrigerant
discharged from the compressor (11) is heat-exchanged, in the
heating heat exchanger (12), with the hot heat source heat
exchanger (1) to condense and is reduced in pressure in the
expansion valve (13), and a part of refrigerant is then

heat-exchanged, in the heat amount adjusting heat exchanger
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(14), with, for example, outside air to evaporate while the
remaining refrigerant passes through the bypass passage (17)
and is heat-exchanged, in the cooling heat exchanger (15),
with the cold heat source heat exchanger {2) to evaporate.
The gas refrigerant evaporated in the above manners is sucked
into the compressor (11). Such a circulation of refrigerant
is repeated.

On the other hand, in the secondary refrigerant circuit
{B), the hot heat source heat exchanger (1) receives a
specified amount of heat from the heating heat exchanger (12)
so that refrigerant is evaporated in the hot heat source heat
exchanger (1), and, as shown in Fig. 2{(a), high-pressure gas
refrigerant is supplied from the hot heat source heat
exchanger (1) to the indoor heat exchanger (3) through the
gas flow pipe (4) and the gas pipe (6). Gas refrigerant
exchanges heat with room air in the indoor heat exchanger (3)
to condense therein so that room air is heated resulting in
heating the room.

While refrigerant in the indoor heat exchanger (3} is
condensed at a room temperature, refrigexrant in the cold heat
source heat exchanger (2) is condensed by refrigerant in the
cooling heat exchanger {15). Therefore, the internal pressure
of the indoor heat exchanger (3} is higher than that of the
cold heat source heat exchanger (2) and the pressure
difference causes ligquid refrigerant in the indoor heat
exchanger {(3) to be transferred to the cold heat source heat
exchanger (2} as shown in Fig. 2(b). Consequently, with the

heating operation, ligquid refrigerant is gradually stored in
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the cold heat source heat exchanger (2).

Even when gas refrigerant is introduced into the cold
heat source heat exchanger (2), an amount of heat is taken
from the cold heat source heat exchanger (2) by the cooling
heat exchanger (15). Accordingly, the gas refrigerant is
condensed at a relatively low temperature.

When such a heating operation is executed for a specified
time so that the storage amount of liquid refrigerant in the
coldheatsourceheatexchanger(2)exceedséispecifiedamount,
the heating operation is stopped and changed to an operation
of recovering liquid refrigerant.

In the operation of recovering liquid refrigerant, the
solenoid valve (EVL1) is opened by the controller {C). Thereby,
as shown in Fig. 2(c), high-pressure gas refrigerant in the
gas flow pipe (4) is introduced into the cold heat source heat
exchanger (2) so that pressure is equalized between the hot
heat source heat exchanger (1) and the cold heat source heat
exchanger (2). Since the cold heat source heat exchanger (2)
is placed at a position higher that that of the hot heat source
heat exchanger (1) as described above, this level difference
causes liquid refrigerant in the cold heat source heat
exchanger (2) to be recovered to the hot heat source heat
exchanger (1).

Since the liquid pipe (7) is provided with the second
check valve (CV2), this prevents liquid refrigerant in the
cold heat source heat exchanger (2) from flowing into the
indoor heat exchanger (3) during the operation of recovering

ligquid refrigerant.
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The cold heat source heat exchanger (2) is configured
50 as not to exchange heat with the cooling heat exchanger
(15) during the operation of recovering liguid refrigerant.

Further, if the hot heat source heat exchanger (1) is
configured so0 as not to heat refrigerant at this time, the
time required for pressure equalization between the hot heat
source heat exchanger (1) and the cold heat source heat
exchanger (2) can be reduced. This allows the operation of
recovering 1liguid refrigerant to be promptly comple?ed
thereby reducing the operating time.

The above-described heating operation and the operation
of recovering liquid refrigerant are alternately conducted
for continuous room heating.

In a state that the above-described heating operation
is executed in the secondary refrigerant circuit (B),
refrigerant is condensed in the indoor heat exchanger ({(3}.
Accordingly, an amount of heat given from the heating heat
exchanger {(12) to the hot heat source heat exchanger (1) is
larger than that taken from the cold heat source heat exchanger
{2) by the cooling heat exchanger (15).

Therefore, it is required that the amount of heat
radiated and the amount of heat absorbed are equal as the
overall primary refrigerant circuit (A) for excellent
refrigerant circulation in the primary refrigerant circuit
(). To satisfy the requirement, the opening of the
motor-operated flow rate control valve (18) is set such that
the amount of heat absorbed in the heat amount adjusting heat

exchanger (14) becomes equal to a difference between both the
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heat exchange amounts described above, thereby controlling
a flow rate of refrigerant in the heat amount adjusting heat
exchanger (14). In other words, the opening of the motor-
operated flow rate control valve (18) is set such that the
sum of the amount of heat absorbed in the cooling heat
exchanger (15} and the amount of heat absorbed in the heat
amount adjusting heat exchanger (14) become equal to the
amount of heat radiated in the heating heat exchanger (12).

In this manner, the heating operation of the secondary
refrigerant circuit (B) is made while an excellent refrigerant
circulation in the primary refrigerant circuit (A) is
achieved.

As described above, since the heat transfer device of
the first embodiment executes the operation of circulating
refrigerant with the use of rise in pressure of refrigerant
caused by an amount of heat given to the hot heat source heat
exchanger (1), it eliminates the need of providing a drive
source such as a pump in the secondary refrigerant circuit
(B). This reduces power consumption and failure sites, thereby
ensuring the reliability of the overall device.

Further, since refrigerant is condensed in the cold heat
source heat exchanger (2), gas refrigerant can be liquefied
with reliability and the cold heat source heat exchanger {(2)
can be prevented from raising its internal pressure, thereby
achieving an excellent refrigerant circulation. This
eliminates the need of keeping refrigerant supercooled in the
indoor heat exchanger for preventing gas refrigerant from

flowing out of the indoor heat exchanger as in the conventional
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case. As a result, a sufficient heat exchange amount can be
obtained between refrigerant and room air. This increases
heating capacity.

Furthermore, since constrains to the placement of
elements can be reduced, this provides high reliability and
general versatility.

The circuitry of this embodiment is not restricted to
the above-mentioned configuration. For example, the first and
second check valves {(CV1, CV2) are substituted by £flow control
valves, respectively.

- Modifications of Secondary Refrigerant Circuit -

A  plurality of modifications of the secondary
refrigerant circuit (B} will be described below.

In the below-mentioned modifications of the secondary
refrigerant circuit (B), description and illustrated figures
for the primary refrigerant circuit are omitted. The
modifications of the secondary refrigerant circuit (B) may
be each combined with a circuit similar to the primary
refrigerant circuit (A) described in the first embodiment or
with one of modifications of the primary refrigerant circuit
which are described later. Further, in the below-mentioned
circuits, same names and reference numerals refer to parts
having same functions.

- Second Embodiment -

A second embodiment is a heat transfer device according
to claims 6 to 9 of this invention, in which the secondary
refrigerant circuit is configured for a cooling-only air

conditioner. In this embodiment, only differences in circuit
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configuration from the first embodiment are described.

As shown in Fig. 3, a solenoid valve (EV1) for gas
refrigerant 1is provided between a hot heat source heat
exchanger (1) and a connection point of a gas flow pipe (4)
with a gas pipe (6), and a check valve (CVG) is provided in
the gas pipe {(6) so as to allow only a flow of gas refrigerant
from an indoor heat exchanger (3} to a cold heat source heat
exchanger (2). Thus, a gas flow selecting means (8) is formed.

Between the hot heat source heat exchanger (1) and a
connection point of a liquid flow pipe (5) with a ligquid pipe
{7), a solencid valve (EV4) for 1igquid refrigerant is provided
in addition to a first check valve (CVl) as in the first
embodiment.

In the ligquid pipe (7)., a third check valve (CV3)
corresponding to the second check valve of claim 9 of the
invention is provided so as to allow only a flow of liguid
refrigerant from the cold heat source heat exchanger (2) to
the indoor heat exchanger (3). Thus, a liquid flow selecting
means {9} is formed. The solenoid valves (EV1, EV4) are each
controlled by a controller (C).

Next, description is made about an cooling operation of
the refrigerant circuit (B) configured as above-described.

Prior to the start of the cooling operation, ligquid
refrigerant is stored in the cold heat source heat exchanger
(2). When the coolingoperation is initiated in the above state,
the controllexr (C) first opens the solenocid valve (EV1) for
gas refrigerant and closes the solenoid valve (EV4) for liquid

refrigerant. In this state, as shown in Fig. 4(a), high-
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pressure gas refrigerant is supplied £rom the hot heat source
heat exchanger (1) to the cold heat source heat exchanger (2)
through the gas flow pipe (4).

When the gas refrigerant is thus supplied, the pressure
of the gas refrigerant acts so that liquid refrigerant
previously stored in the cold heat source heat exchanger (2)
is pushed out toward the indoor heat exchanger (3) through
the liguid flow pipe (5) and the liquid pipe (7) as shown in
Fig. 4{(b). In the state shown in Figs. 4(a) and 4(b), heat
radiation is not made in the cold heat source heat exchanger
(2).

After such an operation is continued for a specified time,
the controller {(C) closes the solenoid valve (EV1) for gas
refrigerant. In this state, the supply of gas refrigerant £from
the hot heat source heat exchanger (1) to the cold heat source
heat exchanger (2} is stopped. Then, in a state that gas
refrigerant is introduced into the cold heat source heat
exchanger (2) and liquid refrigerant is introduced into the
indoor heat exchanger (3), gas refrigerant is condensed in
the cold heat source heat exchanger (2). A drop in pressure
associated with the condensation of gas refrigerant lowers
the internal pressure of the cold heat source heat exchanger
(2) to a lower level than the indoor heat exchanger (3).

This pressure difference causes refrigerant evaporated
in the indoor heat exchanger (3) to be transferred to the cold
heat source heat exchanger (2) as shown in Fig. 4(c}). In the
indoor heat exchanger {(3), heat exchange is made between

refrigerant and room air thereby cooling the room air.
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When such a cooling operation is executed for a specified
time so that the storage amount of liguid refrigerant in the
hot heat source heat exchanger {1) becomes short of a specified
amount, the cooling operation is stopped and changed to an
operation of recovering liquid refrigerant. During the
operation of recovering liquid refrigerant, both the solenoid
valves (EV1, EV4) are opened by the controller (C). Thereby,
as in the case of the first embodiment, pressure is equalized
between the hot heat source heat exchanger (1) and the cold
heat source heat exchanger (2) so that liquid refrigerant in
the cold heat source heat exchanger {(2) is recovered to the
hot heat source heat exchanger (1).

Since the gas pipe {(6) is provided with the check valve
(CVG) for gas refrigerant, this prevents gas refrigerant in
the hot heat source heat exchanger (2) from flowing into the
indoor heat exchanger (3) during the operation of recovering
ligquid refrigerant.

The cold heat source heat exchanger (2) is configured
so as not to exchange heat with the cooling heat exchanger
(15) during the operation of recovering ligquid refrigerant.

The above-described cooling operation and the operation
of recovering liquid refrigerant are alternately conducted
for continuous room cooling.

Since the heat transfer device of the second embodiment
also eliminates the need of providing a drive source such as
a pump in the secondary refrigerant circuit (B), this reduces
power consumption and failure sites, thereby ensuring the

reliability of the overall device.
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The circuitry of this embodiment is not restricted to
the above-mentioned configuration. For example, the check
valve (CVG) for gas refrigerant is substituted by a flow
control wvalve.

Further, only one of the first check valve (CV1l) and the
check valve (CVG) for gas refrigerant may be provided.

For the gas flow selecting means (8}, as shown in Fig.
5, a four-way selector valve (FV) and a capillary tube {CT)
may be provided in place of the solenoid valve (EV1) for gas
refrigerant and the check valve (CVG) for gas refrigerant such
that the four-way selector valve (FV) selects the direction
of refrigerant flow in accordance with the condition of
refrigerant circulation. In detail, when liguid refrigerant
is supplied from the cold heat source heat exchanger {2) to
the indoor heat exchanger (3), the direction of refrigerant
flow is selected as shown in broken lines in Fig. 5 through
the four-way selector valve {(FV}. On the other hand, when gas
refrigerant is supplied from the indoor heat exchanger (3)
to the cold heat source heat exchanger (2), the direction of
refrigerant flow is selected as shown in solid lines in Fig.
5 through the four-way selector valve (FV}.

For the configuration of the liquid flow selecting means
{(9), if the first check valve {(CV1l) is placed between the cold
heat source heat exchanger {(2) and the connection point of
the liquid flow pipe (5) with the liguid pipe (7)) as shown
in Fig. 6, the third check valve {CV3) can be dispensed with.

~ Third Embodiment -

An embodiment of a heat transfer device according to
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claims 10 to 13 of the invention will be described next with
reference to the drawings.

In this third embodiment, the secondary refrigerant
circuit is configured for an air conditioner changeable
between the heating operation and the cooling operation.
Described in this embodiment are only differences in circuit
configuration from the embodiments described so far.

As shown in Fig. 7, a first solenoid wvalve (EV1) is
provided between a cold heat source heat exchanger (2) and
a connection point of a gas flow pipe (4) with a gas pipe (6},
and a second solenoid valve (EV2) is provided in the gas pipe
(6).

A connecting pipe (10) is connected at one end thereof
between the first solenoid valve (EV1) and the cold heat source
heat exchanger (2) and at the other end between the second
solenoid valve (EV2) and the indoor heat exchanger (3). In
the connecting pipe (10), there are provided a third solenoid
valve (EV3) and a check valve (CVG) for gas refrigerant for
allowing only a flow of gas refrigerant from the indoor heat
exchanger (3) to the cold heat source heat exchanger (2). Thus,
a gas flow selecting means (8) is formed.

At a recovery flow side part of a liquid f£low pipe {(5)
between the hot heat source heat exchanger (1) and a connection
point with a liguid pipe (7)., a fourth solencid valve (EV4)
referred to as a first shut-off wvalve in claim 13 of the
invention is provided. Further, at the recovery flow side part,
there is provided a check valve (CVL) for liquid refrigerant

for allowing only a f£low of liquid refrigerant from the cold
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heat source heat exchanger (2) to the hot heat source heat
exchanger (1).

In the liquid pipe (7), there is provided a fifth
motor-operated valve (EV5) referred to as a second shut-off
valve in the claim 13. Thus, a liquid flow selecting means
(9) is formed. The solenoid valves (EV1, EV2, EV3, EV4) and
the motor-operated valve (EV5) are each controlled to be
changeable between opening and closing states by a controller
(C).

Next, description is made about heating and cooling
operations of the refrigerant circuit (B) configured as
above-described.

First described is the heating operation. In this
heating operation, firstly, the controller (C) closes the
first solenoid valve (EV1l) and the third solenoid valve (EV3)
and opens the second solenoid valve {(EV2), the fourth solenoid
valve (EV4) and the fifth motor—operated valve (EV5).

In this state, as in the case of the first embodiment
and shown in Fig. 8(a), gas refrigerant is supplied from the
hot heat source heat exchanger (1) to the indoor heat exchanger
{3) for condensation so that room air is heated. Then, as shown
in Fig. 8(b), the condensed liquid refrigerant is transferred
to the cold heat source heat exchanger (2) by pressure
difference between the indoor heat exchanger {3) and the cold
heat source heat exchanger (2).

When the storage amount of liquid refrigerant in the cold
heat source heat exchanger {(2) exceeds a specified amount,

the heating operation is stopped and switched to an operation
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of recovering liquid refrigerant as in the first embodiment.

In the operation of recovering ligquid refrigerant, the
controller (C) closes the second solenoid valve (EV2), the
third solenoid valve (EV3) and the fifth motor-operated valve
(EV5) and opens the first solenoid valve (EV1) and the fourth
solenoid valve (EV4).

In this state, as shown in Fig. 8(c¢c), high-pressure gas
refrigerant in the gas flow pipe (4) is introduced into the
cold heat source heat exchanger {(2) so that pressure is
equalized between the hot heat source heat exchanger (1) and
the cold heat source heat exchanger (2). The level difference
between both the heat exchangers (1, 2) causes liquid
refrigerant in the cold heat source heat exchanger (2) to be
recovered to the hot heat source heat exchanger {(1).

Next described is the cooling operation with reference
to Fig. 9.

In this cooling operation, firstly, the controller (C)
closes the second solenoid valve (EV2) and the fourth solenoid
valve (EV4) and opens the £first solenoid valve (EV1l), the third
solenoid valve (EV3) and the fifthmotor-operated valve (EV5).
In this state, as in the case of the second embodiment and
shown in Fig. 9{(a), high-pressure gas refrigerant is supplied
from the hot heat source heat exchanger (1) to the cold heat
source heat exchanger (2) through the gas flow pipe (4}.
Thereby, as shown in Fig. 9(b), liquid refrigerant previocusly
stored in the cold heat source heat exchanger (2) is pushed
out toward the indoor heat exchanger (3) through the liguid

flow pipe (5) and the ligquid pipe (7).
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After such an operation is continued for a specified time,
the controller (C) closes the first solenoid valve {(EV1). Then,
as shown in Fig. 9(c), a pressure difference between the cold
heat source heat exchanger (2) in which refrigerant is
condensed and the indocor bheat exchanger (3) in which
refrigerant 1s evaporated, causes refrigerant in the indoor
heat exchanger {(3) to be transferred to the cold heat source
heat exchanger (2) through the connecting pipe (10).

When such a cooling operation is executed for a specified
time so that the storage amount of liquid refrigerant in the
hot heat source heat exchanger (1) becomes short of a specified
amount, the ccoling operation is stopped and switched to the
operation of recovering liquid refrigerant.

In the operation of recovering liguid refrigerant, the
first solenoid valve (EV1) and the fourth solencid valve (EV4)
are opened by the controller (C). Thereby, pressure is
egualized between the hot heat source heat exchanger (1) and
the cold heat source heat exchanger {2) so that ligquid
refrigerant in the cold heat source heat exchanger {(2) is
recovered to the hot heat source heat exchanger (1).

The circuit of this embodiment is not restricted to the
above-~-described configuration. For example, the check valve
{CVL) for liquid refrigerant and the fourth solenoid valve
{EV4) may be substituted by flow control valves, respectively.

For the gas flow selecting means (8), as shown in Fig.
10, a first solenoid valve (EV1), a check valve {CVG) for gas
refrigerant, a four-way selector valve (FV) and a capillary

tube (CT) may be provided such that the four-way selector valve
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(FV) selects the direction of refrigerant flow in accordance
with the condition of refrigerant circulation. In detail,
during the heating operation, the direction of refrigerant
flow is selected as shown in broken lines in Fig. 10 through
the four-way selector valve (FV}. On the other hand, during
the cooling operation and the operation of recovering liquid
refrigerant from the cold heat source heat exchanger (2) to
the hot heat source heat exchanger (1), the direction of
refrigerant flow is selected as shown in solid lines in Fig.
10 through the four-way selector valve {(FV).

In place of the fifth motor-operated valve (EV5), as
shown in Fig. 11, a part of the liguid pipe (7) may be divided
into two branch lines and the branch lines may be provided
with solenoid valves (EV5', EV5") respectively and with check
valves (CVL', CVL") respectively. The check valves each allow
a single- but opposite-directional flow of liquid refrigerant.
In this case, during the heating operation, the solenoid valve
(EV5’') connected in series with the check valve (CVL') for
allowing a flow of liquid refrigerant from the indoor heat
exchanger (3) to the cold heat source heat exchanger (2) is
opened. On the other hand, during the cooling operation, the
solenoid valve (EV5”) connected in series with the check valve
(CVL") for allowing a flow of liquid refrigerant from the cold
heat source heat exchanger (2) to the indoor heat exchanger
{3) is opened.

- Fourth Embodiment -

An embodiment of a heat transfer device according to

claims 14 to 20 of the invention will be described next with
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reference to the drawings.

In this fourth embodiment, the secondary refrigerant
circuit is configured for amulti-type air conditioner freely
operable for cooling and heating operations. The air
conditioner has a plurality of indoor heat exchangers placed
in a plurality of rooms individually so as to be individually
selectable between the cooling and heating operations.

As shown in Fig. 12, a first solenoid valve (EV1) is
provided between a cold heat source heat exchanger (2) and
a connection point of a gas flow pipe (4) with a gas pipe (6).
The gas pipe (6) is divided into plural lines toward the indoor
heat exchangers (3a-3d) thereby forming branch gas pipes
{6a-6d) respectively. The branch gas pipes (6a-64d) are
provided with second solenocid wvalves (EV2-1 to EV2-4)
respectively.

A connecting pipe (10) is connected at one end thereof
between the first solenoid valve (EV1) and the cold heat source
heat exchanger {2) and at the other ends between the second
solenoid wvalves (EV2-1 to EV2-4) and the 4indoor heat
exchangers (3a-3d) respectively. The connecting pipe {(10) is
divided into plural lines toward the indoor heat exchangers
{3a-3d) thereby forming a plurality of branch connecting pipes
(10a-10d) respectively. The branch connecting pipes (10a-
104) are provided with third solenoid valves (EV3-1 to EV3-4)
respectively.

Further, in the connecting pipe (10}, there is provided
a check valve (CVG) for gas refrigerant for allowing only a

fiow of gas refrigerant from the indcor heat exchangers
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(3a-3d) to the cold heat source heat exchanger (2). Thus, a
gas flow selecting means (8) is formed.

Between the hot heat source heat exchanger (1) and a
connection point of a liquid flow pipe (5) with a liquid pipe
(7)., a fourth solenoid valve (EV4) referred to as a first
shut-off wvalve in claim 20 of the invention is provided.
Further, the liquid flow pipe (5) is provided with a check
valve (CVL) for liquid refrigerant for allowing only a flow
of liquid refrigerant from the cold heat source heat exchanger
(2) to the hot heat source heat exchanger (1).

The liquid pipe (7) is divided into plural lines toward
the indoor heat exchangers (3a-3d) thereby forming a plurality
of branch 1iquid pipes (7a-7d) respectively. The branch liquid
pipes (7a-7d) are provided with f£ifth motor-operated valves
(EV5-~1 to EV5-~-4) referred to as second shut-off valves in claim
20 respectively.

Next, description is made about air conditioning in each
room with the use of the refrigerant circuit (B) configured
as above-described.

The air conditioning modes are the following three
modes:

1. The mode that all the rooms are heated, i.e., the mode
that all the indoor heat exchangers (3a-3d) execute the
operation of radiating heat;

2. The mode that all the rooms are cooled, i.e., the mode
that all the indoor heat exchangers (3a-3d) execute the
operation of absorbing heat:; and

3. The mode that one or more rooms are heated and the
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other rooms are cooled, i.e., the mode that one or more heat
exchangers execute the operation of radiating heat and the
other heat exchangers execute the operation of absorbing heat.

The mode that one or more rooms are heated and the other
rooms are cooled, is further classified into the following
three cases:

3-1. The case that the heat balance among all the rooms
reguests the heating operation (For example, the case of an
operation of mainly radiating heat where the number of indoor
heat exchangers executing the operation of radiating heat is
larger that that of the indoor heat exchangers executing the
operation of absorbing heat);

3-2. The case that the heat balance among all the rooms
requests the cooling operation (For example, the case of an
operation of mainly absorbing heat where the number of indoor
heat exchangers executing the operation of absorbing heat is
larger that that of the indoor heat exchangers executing the
operation of radiating heat): and

3-3. The case that the total amount of heat radiated and
the total amount of heat absorbed are egqual among all the rooms
(For example, the case that the number of indoor heat
exchangers executing the operation of radiating heat is equal
to that of the indoor heat exchangers executing the operation
of absorbing heat).

Each of the modes and cases will be described below.

First, the mode that all the indoor heat exchangers
{3a-3d) execute the operation of radiating heat is described

with reference to Fig. 13.
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In this mode, firstly, the controller (C) closes the
first solenoid valve (EV1) and the third solenoid valves
(EV3-1 to EV3-4) and opens the second solenoid valves (EV2-1
to EV2-4), the fourth solenoid valve (EV4) and the Ffifth
motor-operated valves (EV5-1 to EV5-4).

In this state, as in the case of the first embodiment
and shown in Fig. 13(a), gas refrigerant is supplied from the
hot heat source heat exchanger (1) to the indoor heat
exchangers (3a-3d) through the branch gas pipes (6a-6d)
respectively for condensation so that roomair is heated. Then,
as shown in Fig. 13(b}, the condensed liquid refrigerant is
transferred to the cold heat source heat exchanger (2) through
each of the branch liquid pipes {7a-7d) by pressure difference
between each of the indoor heat exchangers (3a-3d) and the
cold heat source heat exchanger (2).

When the storage amount of liquid refrigerant in the cold
heat source heat exchanger (2) exceeds a specified amount,
the heating operation is stopped and switched to an cperation
of recovering liquid refrigerant as in the first embodiment.

In the operation of recovering liquid refrigerant, the
controller (C) closes the second solenoid valves (EV2-1 to
EV2-4), the third solenoid valves (EV3-1 to EV3-4) and the
fifth motor-operated valves (EV5-1 to EV5-4) and opens the
first solencid valve (EV1l) and the fourth solenoid valve
{(Ev4).

In this state, as shown in Fig. 13{(c), high-pressure gas
refrigerant in the gas flow pipe (4) is introduced into the

cold heat source heat exchanger (2) so that pressure is
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equalized between the hot heat source heat exchanger (1) and
the cold heat source heat exchanger (2). The level difference
between both the heat exchangers (1, 2) causes liquid
refrigerant in the cold heat source heat exchanger (2) to be
recovered to the hot heat source heat exchanger (1).

Next, the mode that all the indoor heat exchangers
(3a-3d) execute the operation of absorbing heat is described
with reference to Fig. 14.

In this mode, firstly, the controller (C) closes the
second solenoid valves (EV2-1 to EV2-4) and the fourth
solenoid valve (EV4) and opens the first solenoid valve (EV1),
the third solenoid valves (EV3-1 to EV3-4) and the fifth
motor-operated valves (EV5-1 to EV5-4).

In this state, as in the case of the second embodiment
and shown in Fig. 14(a), high-pressure gas refrigerant is
supplied from the hot heat source heat exchanger (1) to the
cold heat source heat exchanger (2) through the gas flow pipe
(4). Thereby, as shown in Fig. 14(b), liquid refrigerant
previously stored in the cold heat source heat exchanger (2)
is introduced into the indoor heat exchangers (3a-3d) through
the branch liquid pipes (7a-7d) respectively.

After such an operation is continued for a specified time,
the controller (C) closes the first solenoid valve (EV1). Then,
as shown in Fig. 14(c), respective pressure differences
between the cold heat source heat exchanger (2) in which
refrigerant is condensed and the respective indoor heat
exchangers (3a-3d) in which refrigerant is evaporated, cause

refrigerant in the indoor heat exchangers (3a-3d) to be
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transferred to the cold heat source heat exchanger (2) through
the respective branch connecting pipes (10a-104).

When such a cooling operation is executed for a specified
time so that the storage amount of liquid refrigerant in the
hot heat source heat exchanger (1) becomes short of a specified
amount, the cooling operation is stopped and switched to an
operation of recovering liquid refrigerant.

In the operation of recovering liguid refrigerant, the
firstsolenoidvalve(EVl)andthefburthsolenoidvalve(EV4)
are opened by the controller (C). Thereby, pressure is
equalized between the hot heat source heat exchanger (1) and
the cold heat source heat exchanger (2) so that liguid
refrigerant in the cold heat source heat exchanger {(2) is
recovered to the hot heat source heat exchanger (1).

Next, description is made about the case that the heat
balance among all the rooms requests the heating operation,
i.e., the case of the operation of mainly radiating heat where
the number of indoor heat exchangers executing the operation
of radiating heat is larger that that of the indoor heat
exchangers executing the operation of absorbing heat, with
reference to Fig. 15. Here, the case that only the right end
one (3d) of four indoor heat exchangers (3a-3d) in Fig. 15
executes the operation of absorbing heat and the other indoor
heat exchangers (3a-3c) execute the operation of radiating
heat is described as an example.

In this case, the controller (C) closes the first
solenoid valve (EV1), three third solenoid valves (EV3-1 to

EV3-3) connected to the indoor heat exchangers (3a-3c) for
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executing the operation of radiating heat and one second
solenoid valve (EV2-4) connected to the indoor heat exchanger
(3d) for executing the operation of absorbing heat, while the
controller (C) opens three second solenoid valves (EV2-1 to
EV2-3) connected to the indoor heat exchangers {(3a-3c) for
executing the operation of radiating heat, the fourth solenoid
valve (EV4), the fifth motor-operated valves (EV5-1 to EV5-4)
and one third solenoid valve (EV3-4) connected to the indoor
heat exchanger (3d4) for executing the operation of absorbing
heat.

In this state, as shown in Fig. 15(a), gas refrigerant
from the hot heat source heat exchanger (1) is supplied to
the indoor heat exchangers {(3a-3c¢c) for executing the operation
of radiating heat through the branch gas pipes {(6a-6c)
respectively and is condensed so that room air is heated in
the respective rooms thereby heating the rooms. Then, as shown
inFig. 15(b}, the condensed ligquid refrigerant is transferred,
at a specified distribution rate, to the cold heat source heat
exchanger (2) through each of the branch liquid pipes (7a-7c)
by pressure difference between each of the indoor heat
exchangers (3a-3c) for executing the operation of radiating
heat and the cold heat source heat exchanger (2), and to the
indoor heat exchanger (3d) for executing the operation of
absorbing heat through the branch liquid pipe {74) by pressure
difference between each of the indoor heat exchangers (3a-3c)
and the indoor heat exchanger {(3d). The liquid refrigerant
is evaporated in the indoor heat exchanger (34) thereby

cooling the room.
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The gas refrigerant evaporated in the indocor heat
exchanger (3d) is supplied to the cold heat source heat
exchanger (2) through the branch connecting pipe (104) and
is condensed in the cold heat source heat exchanger (2).

When the storage amount of liquid refrigerant in the cold
heat source heat exchanger (2) exceeds a specified amount,
the heating operation is stopped and switched to the operation
of recovering liquid refrigerant.

In the operation of recovering liquid refrigerant, the
controller (C) closes the second solenoid valves (EV2-1 to
EV2-4), the third solenoid valves (EV3-1 to EV3-4) and the
fifth motor-operated valves (EV5-1 to EV5-4) and opens the
firstsolenoidvalve(EVl)andthefourthsolenoidvalve(EV4).
In this state, as shown in Fig. 15(c), high-pressure gas
refrigerant in the gas flow pipe (4) is introduced into the
cold heat source heat exchanger (2) so that pressure is
equalized between the hot heat source heat exchanger (1) and
the cold heat source heat exchanger (2). The level difference
between both the heat exchangers (1, 2) causes liquid
refrigerant in the cold heat source heat exchanger (2) to be
recovered to the hot heat source heat exchanger (1).

Next, description is made about the case that the heat
balance among all the rooms requests the cooling operation,
i.e., the case of the operation of mainly absorbing heat where
the number of indoor heat exchangers executing the operation
of absorbing heat is larger that that of the indoor heat
exchangers executing the operation of radiating heat, with

reference to Fig. 16. Here, the case that only the left end
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one (3a) of four indoor heat exchangers (3a-3d) in Fig. 16
executes the operation of radiating heat and the other indoor
heat exchangers (3b-3d) execute the operation of absorbing
heat is described as an example.

In this case, firstly, the controller {(C) closes the
second solenoid valves (EV2-1 to EV2-4), the fourth solenoid
valve (EV4), the third solenoid valve (EV3-1) connected to
the indoor heat exchanger (3a)} for executing the operation
of radiating heat and the £ifth motor-operated valve (EV5-1)
connected to the indoor heat exchanger (3a) for executing the
operation of radiating heat, while it opens the first solenoid
valve (EV1), the third solenoid valves (EV3-2 to EV3-4)
connected to the indoor heat exchangers {3b-3d) for executing
the operation of absorbing heat and the £fifth motor-operated
valves (EV5-2 to EV5-4) connected to the indoor heat '
exchangers (3b-34) for executing the operation of absorbing
heat.

In this state, as shown in Fig. 16{a), high-pressure gas
refrigerant is supplied from the hot heat source heat
exchanger (1) to the cold heat source heat exchanger {(2)
through the gas flow pipe (4). Thereby, as shown in Fig. 16(b),
liguid refrigerant previously stored in the cold heat source
heat exchanger (2) 1is introduced into the indoor heat
exchangers {3b-3d) for executing the operation of absorbing
heat through the branch liguid pipes (7b-7d4) respectively.
Then, the second solenoid valve (EV2-1) and the fifth solenoid
valve {EV5-1) both connected to the indoor heat exchanger {(3a)

for executing the operation of radiating heat are opened while
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the first solenoid valve (EV1) is closed. Thereby, as shown
in Fig. 16(C}, gas refrigerant evaporated in the indoor heat
exchangers (3b-3d) under the operation of absorbing heat is
supplied to the cold heat source heat exchanger (2) through
the branch connecting pipes (10b-10d) respectively and is
condensed in the cold heat source heat exchanger (2).

The gas refrigerant is also supplied from the hot heat
source heat exchanger (1) to the indoor heat exchanger (3a)
for executing the operation of radiating heat, is condensed
in the indoor heat exchanger (3a) to heat the room, and is
then transferred to the cold heat source heat exchanger (2)
through the branch connecting pipe (7a).

When such air conditioning is executed for a specified
time so that the storage amount of liquid refrigerant in the
hot heat source heat exchanger (1) becomes short of a specified
amount, the air conditioning is stopped and switched to the
operation of recovering liquid refrigerant. In the operation
of recovering ligquid refrigerant, the first solenoid valve
(EV1) and the fourth solenoid valve (EV4) are opened by the
controller (C}. Thereby, pressure is equalized between the
hot heat source heat exchanger (1) and the cold heat source
heat exchanger (2} so that liquid refrigerant in the cold heat
source heat exchanger (2) is recovered to the hot heat source
heat exchanger (1}.

Next, description is made about the case that the total
amount of heat radiated and the total amount of heat absorbed
are equal among all the indoor heat exchangers, i.e., the case

that the number of indoor heat exchangers execuiing the
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operation of absorbing heat is equal to that of the indoor
heat exchangers executing the operation of radiating heat,
with reference to Fig. 17. Here, the case that the right-
side two (3¢, 34) of four indoor heat exchangers (3a-3d) in
Fig. 17 execute the operation of absorbing heat and the
left-side two indoor heat exchangers (3a, 3b) execute the
operation of radiating heat is described as an example.

In this case, the controller (C) closes the first
solenoid valve (EV1), two third solenoid valves (EV3-1, EV3-2)
connected to the indoor heat exchangers (3a, 3b) for executing
the operation of radiating heat and two second solenoid valves
{Ev2-3, EV2-4) connected to the indoor heat exchangers {(3c,
3d} for executing the operation of absorbing heat, while the
controller (C) opens two second solenoid valves (EV2-1, EV2-2)
connected to the indoor heat exchangers (3a, 3b) for executing
the operation of radiating heat, the fourth solenoid valve
{EV4}, the fifth motor-operated valves (EV5-1 to EV5-4) and
two third solenoid valves {(EV3-3, EV3-4) connected to the
indoor heat exchangers (3¢, 3d) for executing the operation
of absorbing heat.

In this state, as shown in Fig. 17(a)., gas refrigerant
from the hot heat source heat exchanger (1) is supplied to
the indoor heat exchangers (3a, 3b) for executing the
operation of radiating heat through the branch gas pipes (6a,
6b) respectively and is condensed so that room air is heated
in the respective rooms thereby heating the rooms. Then, as
shown in Fig. 17(b), the condensed liquid refrigerant is

transferred, at a specified distribution rate, to the cold
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heat source heat exchanger (2) through each of the branch
liquid pipes (7a, 7b) by pressure difference between each of
the indoor heat exchangers (3a, 3b) for executing the
operation of radiating heat and the cold heat source heat
exchanger (2), and to the indoor heat exchangers (3¢, 3d) for
executing the operation of absorbing heat by pressure
difference between the indoor heat exchangers {(3a, 3b) and
the indoor heat exchangers (3c, 3d). The liquid refrigerant
is evaporated in the indoor heat exchangers (3c, 3d) thereby
cooling the rooms.

The gas refrigerant evaporated in the indoor heat
exchangers (3¢, 3d) is supplied to the cold heat source heat
exchanger (2) through the branch connecting pipes {10c, 10d4)
respectively and is condensed in the cold heat source heat
exchanger (2)}.

When the storage amount of liguid refrigerant in the cold
heat source heat exchanger (2) exceeds a specified amount,
air conditioning is stopped and switched to the operation of
recovering liquid refrigerant. In the operation of recovering
liquid refrigerant, the controller (C) closes the second
solenoid valves (EV2-1 to EV2-4), the third solenoid valves
(EV3-1 to EV3-4) and the fifth motor-operated valves (EV5-1
to Ev5-4) and opens the first solenoid valve (EV1) and the
fourth solenoid wvalve (EV4).

In this state, as shown in Fig. 17(c), high-pressure gas
refrigerant in the gas flow pipe (4) is introduced into the
cold heat source heat exchanger (2) so that pressure is

egqualized between the hot heat source heat exchanger (1) and
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the cold heat source heat exchanger (2). The level difference
between both the heat exchangers (1, 2) causes liquid
refrigerant in the cold heat source heat exchanger (2) to be
recovered to the hot heat source heat exchanger (1).

- Modifications -

Embodiments according to claims 21 and 22 of the
invention are described next as modifications of the first
to fourth embodiments described above.

Each of these modifications is configured such that the
periphery of the cold heat source heat exchanger (2) in the
refrigerant circuitry is modified. When the modification is
applied to any embodiments described above, it has similar
configuration. Therefore, here, description is made only
about applications for the first and second embodiments.

Fig. 18 shows the case that the modification is applied
to the first embodiment (heating-only device). A liquid
receiver (22) as a liquid receive means capable of storing
liguid refrigerant is connected at one end thereof to the gas
flow pipe (4) through a branch pipe (23) and at the other end
to the liquid flow pipe (5) through a branch pipe {23), and
is connected with the cold heat source heat exchanger (2) in
rows.

Between the cold heat source heat exchanger (2) and a
connection point of the gas flow pipe (4) with the branch pipe
(23), a solenoid valve (EV1l) is provided. Between the cold
heat source heat exchanger (2) and a connection point of the
liquid flow pipe (5) with the branch pipe (23), a check valve

(CV5) is provided for allowing only a flow of refrigerant from
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‘the 1liquid flow pipe (5) to the branch pipe (23). Other

configurations are the same as in the first embodiment.

The heating operation of the device above configured is
described with reference to Fig. 19.

First, the solenoid valve (EV1) is closed and the
solenoid valve (EV11l) is opened, so that gas refrigerant is
supplied from the hot heat source heat exchanger (1) to the
indoor heat exchanger (3) and is condensed in the indoor heat
exchanger (3) (See Fig. 19(a})). The cold heat source heat
exchanger (2) for condensing refrigerant at a condensation
temperature lower than that of the indoor heat exchanger (3)
and the liguid receiver (22) connected to the cold heat source
heat exchanger (2) through the solenoid valve (EV1l), each
have a lower pressure than the indoor heat exchangexr (3).
Accordingly, the liquid refrigerant condensed in the indoor
heat exchanger (3) is introduced into the branch pipe (23)
through the liquid pipe (7} and is stored in the liquid
receiver (22).

At this time, the gas refrigerant having been introduced
into the liquid receiver (22) is introduced into the cold heat
source heat exchanger (2) through the solenoid valve (EV11l)
and is condensed in the cold heat source heat exchanger (2)
{See Fig. 19(b)). The condensed ligquid refrigerant is
recovered from the cold heat source heat exchanger (2) to the
liguid receiver (22). When the storage amount of liguid
refrigerant in the liquid receiver (22) exceeds a specified
amount, the solenoid valve (EV1) is opened and the solenoid

valve (EV1l) is closed, thereby executing the operation of
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recovering liquid refrigerant as in the above-described
embodiments (See Fig. 19{(c)).

According to such an operation, the amount of liquid
refrigerant stored in the cold heat source heat exchanger (2)
during the heating operation can be reduced and therefore a
sufficient heat exchange area of the cold heat source heat
exchanger {2) can be ensured. This minimizes the cold heat
source heat exchanger (2) resulting in compaction of the
overall device.

Fig. 20 shows the cooling operation in the case that the
modification is applied to the second embodiment
(cooling-only device).

First, the solencid wvalve (EV1l) is opened and the
solenoid valve (EV1l) is closed, so that high-pressure gas
refrigerant is supplied from the hot heat source heat
exchanger (1) to the liguid receiver (22) (See Fig. 20(a}),
so that liquid refrigerant previously stored in the liquid
receiver (22) is introduced into the indoor heat exchanger
(3) {(See Fig. 20(b)). Then, the solenoid valve (EV1l) is closed
and the solenoid wvalve ({EV1l1l) is opened, so that gas
refrigerant is introduced into the indoor heat exchanger (3).
The gas refrigerant 1is reduced 1in pressure with the
condensation of refrigerant in the cold heat source heat
exchanger {2), is evaporated, is introduced into the cold heat
source heat exchanger (2) by pressure difference between the
indoor heat exchanger (3) and the cold heat source heat
exchanger (2), is liguefied through the condensation in the

cold heat source heat exchandger (2), and is then recovered
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to the liquid receiver (22) (See Fig. 20(c)).

Also according to this operation, the amount of liquid
refrigerant stored in the cold heat source heat exchanger (2)
during the cooling operation can be reduced. This minimizes
the cold heat source heat exchanger (2).

Further, under the configuration of this modification,
the solenoid valve (EV1) is closed when liquid refrigerant
is discharged from the cold heat source heat exchanger (2)
or the liquid receiver (22). Accordingly, gas refrigerant from
the hot heat source heat exchanger (1) can be prevented from
being supplied to the cold heat source heat exchanger (2) and
therefore it is avoided that the cold heat source heat
exchanger (2) is unnecessarily heated. This promotes energy
conservation.

Furthermore, the provision of the check valve (CV5)
prevents liquid refrigerant in the liguid receiver (22} from
flowing back to the cold heat source heat exchanger (2). This
also promotes energy conservation.

When the configuration of the modification applied to
the second embodiment is applied to the device having a
plurality of indoor heat exchangers (3a-3d) as in the fourth
embodiment, liquid receivers (22) are connected in rows with
the indoor heat exchangers {3a-3d) respectively.

- Modifications having
plural cold heat source heat exchangers -

The following f£ifth to eighth embodiments of the

invention each have the circuit configuration having a

plurality of cold heat source heat exchangers {two heat
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exchangers in the embodiments).

- Fifth Embodiment -

The fifth embodiment is an embodiment according to
claims 24 to 26 of the invention and has first and second cold
heatsourceheatexchangers.Inthisembodiment,thesecondary
refrigerant circuit is configured for a heating-only air
conditioner.

As shown in Fig. 21, a gas flow pipe (4) is divided into
first and second branch gas flow pipes (4a, 4b) toward the
cold heat source heat exchangers. The first branch gas flow
pipe (4a) is connected to the first cold heat source heat
exchanger (2a) and the second branch gas flow pipe (4b) is
connected to the second cold heat source heat exchanger (2b).
The branch gas flow pipes (4a, 4b) are each connected to a
gas pipe (6) and are provided with solenoid valves (EV1-1,
EV1-2) respectively. The solenoid valves (EV1-1, EV1-2) are
controlled between their opened and closed positions by a
controller (C).

A liquid flow pipe (5) is also divided into first and
second branch liquid flow pipes (5a, 5b) toward the cold heat
source heat exchangers. The first branch ligquid flow pipe (5a)
is connected to the first cold heat source heat exchanger (2a)
and the second branch liquid flow pipe (5b) is connected to
the second cold heat source heat exchanger (2b).

Further, a liquid pipe (7) is also divided into first
and second branch liquid pipes (7e, 7f) toward the liquid flow
pipe (5) connected thereto. The first branch liquid pipe {(7e)

is connected to the first branch liquid flow pipe (5a) and
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the second branch liquid pipe (7f) is connected to the second
branch liquid flow pipe (5b).

Between the hot heat source heat exchanger (1) and the
connection points of the branch liquid pipes (7e, 7f) with
the branch liquid flow pipes (5a, 5b), there are respectively
provided first check valves (CV1-1, CV1-2) which allow only
a flow of liquid refrigerant from the cold heat source heat
exchanger (2) to the hot heat source heat exchanger (1). The
branch liquid pipes (7e, 7f) are provided with second check
valves (CV2-1, CV2-2) which allow only flows of liquid
refrigerant from the indoor heat exchanger (3) to the cold
heat source heat exchangers (2a, 2b) respectively.

Next, description is made about a heating operation of
the secondary refrigerant circuit (B) configured as
above-described.

In this heating operation, firstly, the controller (C)
opens the solenoid valve (EV1i-1) located in the first branch
gas flow pipe (4a) and closes the solenoid valve (EV1-2)
located in the second branch gas flow pipe {(4b).

In this state, the hot heat source heat exchanger (1)
receives an amount of heat from the primary refrigerant
circuit to evaporate refrigerant so that, as shown in Fig.
22{(a), a part of high-pressure gas refrigerant from the hot
heat source heat exchanger (1)} is supplied to the first cold
heat source heat exchanger {(2a) through the first branch gas
flow pipe (4a) and the remaining high-pressure gas refrigerant
is supplied to the indoor heat exchanger (3) through the gas

pipe (6). The gas refrigerant exchanges heat with room air
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in the indoor heat exchanger (3) to condense therein so that
the room air is heated resulting in heating the room.

Under this condition, the second cold heat source heat
exchanger (2b) is an operating cold heat source heat exchanger
while the first cold heat source heat exchanger (2a) is a
stopping cold heat source heat exchanger. Then, as shown in
Fig. 22(b), the condensed liguid refrigerant in the indoor
heat exchanger (3) is transferred to the second cold heat
source heat exchanger (2b) through the second branch liquid
pipe (7f) by pressure difference between the indcor heat
exchanger (3) and the second cold heat source heat exchanger
{2b). Consequently, with the running of the heating operation,
liguid refrigerant is gradually stored in the second cold heat
source heat exchanger (2b).

On the other hand, when gas refrigerant is supplied from
the hot heat source heat exchanger (1) to the first cold heat
source heat exchanger (2a), liquid refrigerant in the first
cold heat source heat exchanger (2a) is recovered to the hot
heat source heat exchanger (1) through the first branch liquid
flow pipe (5a).

When such a heating operation is executed for a specified
time so that the storage amount of liguid refrigerant in the
second cold heat source heat exchanger ({2b) exceeds a
specified amount, the controllexr (C) opens the solenoid valve
(EV1-2) located in the second branch gas flow pipe {(4b) and
closes the solenoid valve (EV1-1) located in the first branch
gas flow pipe (4aj).

Thereby, the second cold heat source heat exchanger (2b)
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is changed to a stopping cold heat source heat exchanger and
the first cold heat source heat exchanger (2a) is changed to
an operating cold heat source heat exchanger. Then, as shown
in Fig. 22(c), a part of high-pressure gas refrigerant from
the hot heat source heat exchanger (1) is supplied to the
second cold heat source heat exchanger {2b) through the second
branch gas flow pipe (4b) and the remaining high-pressure gas
refrigerant is supplied to the indoor heat exchanger (3)
through the gas pipe (6). The gas refrigerant exchanges heat
with room air in the indoor heat exchanger (3) to condense
therein so that the room air is heated resulting in heating
the room.

Under this condition, as shown in Fig. 22(d), liqguid
refrigerant in the indoor heat exchanger (3) is transferred
to the first cold heat source heat exchanger {2a) through the
first branch liquid pipe (7e) by pressure difference between
the indoor heat exchanger {3) and the first cold heat source
heat exchanger {(2a). Conseguently, with the running of the
heating operation, liquid refrigerant is gradually stored in
the first cold heat source heat exchanger (2a). On the other
hand, when gas refrigerant is supplied from the hot heat source
heat exchanger (1) to the second cold heat source heat
exchanger (2b), ligquid refrigerant in the second cold heat
source heat exchanger (2b) is recovered to the hot heat source
heat exchanger (1) through the second branch ligquid £low pipe
{5b). Such two operations are alternately executed.

Thus, under the configuration of this embodiment, two

cold heat source heat exchangers ({(2a, 2b) are provided,
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refrigerant is transferred from the indoor heat exchanger (3)
to one of the cold heat source heat exchangers while liquid
refrigerant is recovered from the other cold heat source heat
exchanger to the hot heat source heat exchanger (1), and the
operations of these cold heat source heat exchangers (2a, 2b)
are alternately executed. Accordingly, the operation of
radiating heat of the indoor heat exchanger (3) can be
successively executed. In other words, the heating operation
can be successively executed. This increases comfortableness
of the room.

- Sixth Embodiment -

This sixth embodiment is an embodiment according to
claims 27 to 30 of this invention and has first and second
cold heat source heat exchangers. The secondary refrigerant
circuit is configured for a cooling-only air conditioner. In
this embodiment, only differences in circuit configuration
from the fifth embodiment are described.

As shown in Fig. 23, a gas pipe (6) is divided into first
and second branch gas pipes (6e, 6f) toward a gas flow pipe
(4) connected thereto. The first branch gas pipe (6e) is
connected to a first branch gas flow pipe (4a) and the second
branch gas pipe (6f) is connected to a second branch gas flow
pipe (4b). The connection points between the branch gas pipes
(6e, 6f) and the branch gas flow pipes (4a, 4b)} are
respectively located between the coid heat source heat
exchangers (2a, 2b) and solenoid valves (EV1-1, EV1-2) for
gas refrigerant provided in the branch gas flow pipes (4a,

4b).

121



10

15

20

25

Branch liquid pipes {7e, 7f) are respectively provided
with third check valves (CV3-1, CV3-2) referred to as second
check valves in claim 30 for allowing only flows of liquid
refrigerant from the cold heat source heat exchangers (2a,
2b) to the indoor heat exchanger (3), in place of the second
check valves {(CV2-1, CV2-2) in the fifth embodiment.

Further, a liquid flow pipe (5) is provided with a
solenoid valve (EV4) for liguid refrigerant. The solenoid
valve (EV4) for liquid refrigerant is controlled between its
opened and closed positions by a controller (C).

Next, description is made about the cooling operation
of the refrigerant circuit (B) configured as above-described.

At the start of the cooling operation, firstly, the
controller (C) opens a solenoid wvalve (EV1-1) for gas
refrigerant provided in the first branch gas flow pipe (4a)},
and closes a solenoid valve (EV1-2) for gas refrigerant
provided in the second branch gas flow pipe (4b) and the
solenoid valve (EV4) for liquid refrigerant.

In this state, as shown in Fig. 24(a), high-pressure gas
refrigerant 1is supplied from the hot heat source heat
exchanger (1) to the first cold heat source heat exchanger
{2a) through the first branch gas flow pipe {(4a). When the
gas refrigerant is thus supplied, the pressure of the gas
refrigerant acts so that liquid refrigerant previously stored
in the first cold heat source heat exchanger (2a) is introduced
into the indoor heat exchanger (3} through the first branch
liquid flow pipe (5a) and the first branch ligquid pipe (7e).

Then, liquid refrigerant exchanges heat with room air in the
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indoor heat exchanger (3) to evaporate therein so that the
room air is cooled resulting in cooling the room.

At this time, as shown in Fig. 24(b), the gas refrigerant
in the indoor heat exchanger (3) is transferred to the second
cold heat source heat exchanger (2b) through the second branch
gas pipe (6f) by pressure difference between the operating
second cold heat source heat exchanger (2b) under the
condensation of refrigerant and the indoor heat exchanger (3)
under the evaporation of refrigerant.

When such an operation is executed for a specified time
so that the storage amount of liquid refrigerant in the first
cold heat source heat exchanger (2a) becomes short of a
specified amount, the controller (C) closes the solenoid valve
(EV1-1) for gas refrigerant provided in the first branch gas
flow pipe (4a) and opens the solenoid valve (EV1-2) for gas
refrigerant provided in the second branch gas flow pipe (4b).
Thereby, the first cold heat source heat exchanger (2a) is
changed to an operating cold heat source heat exchanger and
the second cold heat source heat exchanger (2b) is changed
to a stopping cold heat source heat exchanger.

Then, as shown 1in Fig. 24(c), high-pressure gas
refrigerant 1is supplied from the hot heat source heat
exchanger (1) to the second cold heat source heat exchanger
{(2b) through the second branch gas flow pipe (4b). When the
gas refrigerant is thus supplied, the pressure of the gas
refrigerant acts so that liquid refrigerant previously stored
in the second cold heat source heat exchanger (2b) is

introduced into the indoor heat exchanger (3) through the
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second branch liguid flow pipe (5b) and the second branch
liguid pipe (7f). Then, liquid refrigerant exchanges heat with
room air in the indoor heat exchanger (3) to evaporate therein
so that the room air is cooled resulting in cooling the room.

At this time, as shown in Fig. 24(d), the gas refrigerant
in the indoor heat exchanger (3) is transferred to the first
cold heat source heat exchanger (2a) through the first branch
gas pipe {6e)} by pressure difference between the first cold
heat source heat exchanger {2a) and the indoor heat exchanger
(3).

The above two operations of the cold heat source heat
exchangers (2a, 2b) are alternately executed so that the
operation of absorbing heat of the indoor heat exchanger (3)
is successively executed. In other words, the cooling
operation can be successively executed.

When the cooling operation is executed for a specified
time so that the storage amount of ligquid refrigerant in the
hot heat source heat exchanger (1) becomes short of a specified
amount, the controller (C) opens the solencid valves (EV1i-1,
EV1-2) for gas refrigerant connected to the cold heat source
heat exchangers (2a, 2b) inwhich ligquid refrigerant is stored,
and opens the solenoid valve (EV4) for liquid refrigerant.
Thereby, pressure is equalized between the hot heat source
heat exchanger (1) and the cold heat source heat exchanger
{2) so that liguid refrigerant in the ccld heat source heat
exchanger (2) 1is recovered to the hot heat source heat
exchanger (1}.

- Seventh Embodiment -
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An embodiment of a heat transfer device according to
claims 31 to 34 of the invention will be described next with
reference to the drawings.

This seventh embodiment has first and second cold heat
source heat exchangers and the secondary refrigerant circuit
is configured for an air conditioner changeable between a
heating operation and a cooling operation. Described in this
embodiment are only differences in circuit configuration from
the embodiments described so far.

As shown in Fig. 25, a gas flow selecting means (8) of
the secondary refrigerant circuit (B) of this embodiment is
configured such that in the refrigerant circuit of the fifth
embodiment, a second solenoid valve (EV2) is provided in the
gas pipe (6) and a gas connecting pipe (20) is provided between
each of the branch gas pipes (4a, 4b) and the gas pipe (6).

More specifically, one end of the gas connecting pipe
(20) is connected to a part of the gas pipe (6) located between
the second solencid valve (EV2) and the indoor heat exchanger
(3). A part of the gas connecting pipe (20) on the other end
side is divided into first and second branch gas connecting
pipes (20a, 20b). The first branch gas connecting pipe (20a)
is connected to the first branch gas flow pipe (4a) and the
second branch gas connecting pipe (20b) is connected to the
second branch gas flow pipe (4b).

The gas connecting pipe (20) is provided with a third
solenoid valve (EV3). The branch gas connecting pipes (20a,
20b) are provided with check valves (CVGL, CVG2) for gas

refrigerant for allowing only flows of gas refrigerant from
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the indoor heat exchanger (3) to the cold heat source heat
exchangers (2a, 2b) respectively.

A liguid flow selecting means (2) is configured such that
in the refrigerant circuit of the sixth embodiment, the branch
liguid pipes (7e, 7f) are respectively provided with sixth
motor-~operated valves (EVée-1, EV6-2) referred to as second
shut-off valves in claim 34, in place of the third check valves
(CVv3-1, CV3-2}.

Under such a configuration, in a heating operation of
the secondary refrigerant circuit (B), the heating operation
as described in the fifth embodiment is executed so that a
room is successively heated. In detail, as shown in Fig. 26,
when the recovery of liguid refrigerant is executed with
respect to one cold heat source heat exchanger (2a), liquid
refrigerant condensed in the indoor heat exchanger (3) is
transferred to the other cold heat source heat exchanger (2b).
Such operations are alternately repeated.

On the other hand, in the cooling operation, the cooling
operation as described in the sixth embodiment is executed
so that the room is successively cooled. In detail, as shown
in Fig. 27, when liguid refrigerant is supplied from one cold
heat source heat exchanger (2a) to the indoor heat exchanger
{3}, gas refrigerant evaporated in the indoor heat exchanger
(3) is transferred to the other cold heat source heat exchanger
{2b). Such operations are alternately repeated.

When the storage amount of liquid refrigerant in the hot
heat source heat exchanger (1) becomes short of a specified

amount with the running of the cooling operation, liguid
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refrigerant is recovered from the ligquid flow pipe (5) to the
hot heat source heat exchanger (1).

- Eighth Embodiment -

An embodiment of a heat transfer device according to
claims 35 to 40 of the invention will be described next with
reference to the drawings.

In this eighth embodiment, the secondary refrigerant
circuit is configured for a multi-type air conditioner freely
operable for c¢ooling and heating operations. The air
conditioner has first and second cold heat source heat
exchangers and four indoor heat exchangers placed in four
rooms individually so as to be individually selectable between
the cooling and heating operations. Described in this
embodiment are only differences in circulit configuration from
the fourth embodiment.

As shown in Fig. 28, a gas flow selecting means (8) of
the secondary refrigerant circuit (B) is configured such that
a gas flow pipe (4) is divided into first and second branch
gas flow pipes (4a, 4b) toward the cold heat source heat
exchangers, the first branch gas flow pipe (4a) is connected
to the first cold heat socurce heat exchanger (2a) and the
second branch gaé flow pipe {(4b) is connected to the second
cold heat source heat exchanger (2b). Further, the branch gas
flow pipes (4a, 4b) are provided with first solenocid valves
(EV1l-1, EV1-2) respectively.

A gas connecting pipe (20) is connected at one side
thereof to parts of a gas pipe (6) located between second

solenoid valves (EV2-1 to EV2-4) and indoor heat exchangers
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(3a-3d) respectively. The gas connecting pipe (20) is divided
on the other side into first and second branch gas connecting
pipes (20a, 20b). The first branch gas connecting pipe {(20a)
is connected to the first branch gas flow pipe (4a) and the
second branch gas connecting pipe (20b) is connected to the
second branch gas flow pipe (4b). The branch gas connecting
pipes {(20a, 20b) are provided with check valves (CVGl, CVG2)
for gas refrigerant respectively.

A liquid flow selectingmeans (9) is configured such that
a liquid flow pipe (5) is divided into first and second branch
liquid flow pipes (5a, 5b) toward the cold heat source heat
exchangers, the first branch 1liguid flow pipe (5a) is
connected to the first cold heat source heat exchanger {(2a)
and the second branch liquid flow pipe (5b) is connected to
the second cold heat source heat exchanger {2b). Further, a
liquid pipe (7) is divided into first and second branch liquid
pipes (7e, 7f) toward the liquid flow pipe (5) connected
thereto. The first branch liquid pipe (7e) is connected to
the first branch liquid flow pipe (5a) and the second branch
liqguid pipe (7f) is connected to the second branch liguid flow
pipe (5b).

Between the hot heat source heat exchanger (1) and
connection points of the branch liquid pipes (7e, 7f) with
the branch liquid flow pipes (5a, 5b)}, first check valves
(CV1l-1, CV1-2) are respectively provided for allowing only
flows of liguid refrigerant from the cold heat source heat
exchangers (2a, 2b) to the hot heat source heat exchanger (1).

The branch liquid pipes (7e, 7f) are provided with sixth
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motor-operated valves (EVé6-1, EV6-2) referred to as third
shut-off valves in claim 40 respectively. Other structures
are the same as in the fourth embodiment (See Fig. 12).

Under such a configuration, at the time of air
conditioning of the secondary refrigerant circuit (B), the
direction of refrigerant flow is changed in accordance with
the operation mode of each of the indoor heat exchangers
(3a-3d) described in the fourth embodiment and recovery and
supply of liquid refrigerant with respect to each of the cold
heat source heat exchangers (2a, 2b) are alternately changed,
so that the operation of each of the indoor heat exchanges
(3a-3d) is successively executed.

More specifically, the case of the operation of mainly
radiating heat in which the heat balance among all rooms
requests the heating operation is as shown in Fig. 29. When
recovery of liquid refrigerant from the stopping cold heat
source heat exchanger (2a) to the hot heat source heat
exchanger (1) is made, liquid refrigerant is supplied from
the indoor heat exchangers (3a-3c) under the operation of
radiating heat to the operating cold heat source heat
exchanger (2b) while gas refrigerant is transferred from the
indoor heat exchanger (3d) under the operation of absorbing
heat to the cold heat source heat exchanger (2b). Such an
operation is repeated alternately between the cold heat source
heat exchangers.

The case of the operation of mainly absorbing heat in
which the heat balance among all the rooms requests the cooling

operation is as shown in Fig. 30. When gas refrigerant is
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transferred from the indoor heat exchangers (3b-3d) under the
operation of absorbing heat to the operating cold heat source
heat exchanger (2b), liquid refrigerant is recovered from the
stopping cold heat source heat exchanger (2a) to the hot heat
source heat exchanger (1) while liguid refrigerant is supplied
from the cold heat source heat exchanger {(2a)} to the indoor
heat exchangers (3b-34d) under the operation of absorbing heat.
Such an operation is repeated alternately between the cold
heat source heat exchangers.

The case that the total amount of heat radiated and the
total amount of heat absorbed are equal among all the indoor
heat exchangers is as shown in Fig. 31. When recovery of liquid
refrigerant from the stopping cold heat source heat exchanger
{2a) to the hot heat source heat exchanger (1) is made, liquid
refrigerant is supplied from the indoor heat exchangers (3a,
3b) under the operation of radiating heat to the indoor heat
exchangers (3¢, 3d) under the operation of absorbing heat and
gas refrigerant evaporated in the indoor heat exchangers (3¢,
3d) is transferred to the operating cold heat source heat
exchanger (2b}. Such an operation is repeated alternately
between the cold heat source heat exchangers.

Since the operations in the case that all the indoor heat
exchangers {(3a-3d) execute the operation of radiating heat
and in the case that all the indoor heat exchangers (3a-3d)
execute the operation of absorbing heat are the same as in
the operations described in the seventh embodiment,
description is omitted.

- Modifications having plural liquid receivers -
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The following ninth to twelfth embodiments of the
invention are modifications for implementing continuous air
conditioning and each have a circuit configuration having a
plurality of liquid receivers (two liquid receivers in the
embodiments) capable of storing liquid refrigerant.

- Ninth Embodiment -

The ninth embodiment has £first and second liquid
receivers. In this embodiment, the secondary refrigerant
circuit is configured for a heating-only air conditioner.

As shown in Fig. 32, a part of a gas flow pipe (4) is
divided into first and second branch gas flow pipes (4a, 4b).
The first branch gas flow pipe {(4a) is connected toc a first
liquid receiver (25a) through a first gas pipe (26a) and the
second branch gas flow pipe (4b) is connected to a second
liquid receiver (25b} through a second gas pipe (26b}).

Between the hot heat source heat exchanger (1) and the
connection points of the gas flow pipes (4a, 4b) with the gas
pipes (26a, 26b), there are respectively provided seventh
solenoid wvalves (EV7-1, EV7-2) referred to as first shut-
off valves in claim 43 of the invention. Between the cold heat
source heat exchanger (2) and the connection points of the
gas flow pipes (4a, 4b) with the gas pipes (26a, 26b), there
are respectively provided eighth solenoid valves (EV8-1,
EV8-2) referred to as second shut-off valves in claim 43 of
the invention.

A part of a liquid flow pipe (5) is divided into first
and second branch 1iquid £low pipes {5a, 5b}. The first branch

liguid flowpipe (5a) is connected to the first liquid receiver

131



10

15

20

25

(25a) through a first liquid pipe (27a) and the second branch
liquid flow pipe (5b) is connected to the second liquid
receiver (52b)} through a second liquid pipe (27b). Between
the hot heat source heat exchanger (1) and the connection
points of the liquid pipes {(27a, 27b) with the branch liquid
flow pipes (5a, 5b}, there are respectively provided first
check valves (CV1i-1, CV1-2) which allow only flows of liguid
refrigerant from the liguid receivers (25a, 25b) to the hot
heat source heat exchanger (1).

Between the cold heat source heat exchanger (2} and the
connection points of the liguid pipes (27a, 27b) with the
branch liquid flow pipes (5a, 5b), there are respectively
provided second check valves (CV2-1, CV2-2} which allow only
flows of liquid refrigerant from the indoor heat exchanger
{3) and the cold heat source heat exchangers (2) to the liguid
receivers (25a, 25b)}.

Further, a liquid pipe (7) is provided with a fourth check
valve (CV4) which allows only a flow of liquid refrigerant
from the indoor heat exchanger (3) to the liguid receivers
(25a, 25b).

Next, description is made about a heating operation of
the secondary refrigerant circuit (B) configured as
above-described.

In this heating operation, firstly, the controller (C)
opens the seventh solenoid valve (EV7-1) located in the first
branch gas fiow pipe (4a) and the eighth solenoid valve {(EV8-2)
located in the second branch gas flow pipe (4b), and closes

the seventh solenoid valve (EV7-2) located in the second
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brandhgasflowpipe(4b)andtheeighthsolenoidvalve(EVB—l)
located in the first branch gas flow pipe (4a).

In this state, the hot heat source heat exchanger (1)
receives an amount of heat from the primary refrigerant
circuit to evaporate refrigerant so that, as shown in Fig.
33(a), a part of high-pressure gas refrigerant from the hot
heat source heat exchanger (1) is supplied to the discharging
first liquid receiver (25a) through the first branch gas flow
pipe (4a) and the first gas pipe (26a), and the remaining
high-pressure gas refrigerant is supplied to the indoor heat
exchanger (3) through the gas pipe (6). The gas refrigerant
exchanges heat with room air in the indoor heat exchanger (3)
to condense therein so that the room air is heated resulting
in heating the room.

Under this condition, as shown in Fig. 33(b), the liquid
refrigerant in the indoor heat exchanger (3) is transferred
to the charging liquid receiver (25b) through the second
branch liquid flow pipe (5b) by pressure difference between
the indoor heat exchanger (3) and the second liquid receiver
(25b). Consequently, with the running of the heating operation,
liguid refrigerant is gradually stored in the second liguid
receiver (25b). On the other hand, when gas refrigerant is
supplied from the hot heat source heat exchanger (1) to the
first liquid receiver (25a), liquid refrigerant in the first
liguid receiver (25a) is recovered to the hot heat source heat
exchanger (1) through the £first liquid pipe (27a) and the first
branch liquid flow pipe (5a).

When such a heating operation is executed for a specified

133



10

15

20

25

time so that the storage amount of liguid refrigerant in the
second liquid receiver (25b) exceeds a specified amount, the
controller (C)} opens the seventh solenoid valve {EV7-2) in
the second branch gas flow pipe (4b) and the eighth solenoid
valve (EV8-1) in the first branch gas flow pipe {4a), and
closes the seventh solenocid valve (EV7-1) in the first branch
gas flow pipe (4a) and the eighth solenoid valve (BEV8-2) in
the second branch gas flow pipe (4b). Thereby, the second
liquid receiver (25b) is changed to a discharging liquid
receiver and the first liquid receiver (25a) is changed to
a charging liquid receiver.

Then, as shown in Fig. 33(c), a part of high-pressure
gas refrigerant from the hot heat source heat exchanger (1)
is supplied to the second liquid receiver (25b) through the
second branch gas flow pipe (4b) and the remaining high-
pPressure gas refrigerant is supplied to the indoor heat
exchanger (3) through the gas pipe (6). The gas refrigerant
exchanges heat with the room air in the indoor heat exchanger
(3) to condense therein so that the room air is heated
resulting in heating the room.

Under this condition, as shown in Fig. 33(d4), liquid
refrigerant in the indoor heat exchanger (3) is transferred
to the first liquid receiver (25a) through the first branch
liquid flow pipe (5a) by pressure difference between the gas
pipe (6) and the liquid pipe (7). Consequently, with the
running of the heating operation, liguid refrigerant is
gradually stored in the first liquid receiver (25a).

On the other hand, when gas refrigerant is supplied from
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the hot heat source heat exchanger (1) to the second liguid
receiver (25b), liquid refrigerant in the second liquid
receiver (25b)} is recovered to the hot heat source heat
exchanger (1) through the second branch 1liquid £low pipe (5b).
Such two operations are alternately executed.

Thus, under the configuration of this embodiment, two
liguid receivers (25a, 25b) are provided, refrigerant is
transferred from the indoor heat exchanger (3) to one of the
liguid receivers while liquid refrigerant is recovered from
the other liguid receiver to the hot heat source heat exchanger
(1), and the operations of these liguid receivers (25a, 25b)
are alternately executed. Accordingly, the operation of
radiating heat of the indoor heat exchanger (3) can be
successively executed. In other words, the heating operation
can be successively executed. This increases comfortableness
of the room.

- Tenth Embodiment -

This tenth embodiment is an embodiment according to
claims 45 to 48 of this invention and has first and second
liguid receivers. The secondary refrigerant circuit is
configured for a cooling-only air conditioner. In this
embodiment, only differences in circuit configuration from
the ninth embodiment are described.

As shown in Fig. 34, a connection point of a gas pipe
(6) with a gas flow pipe (4) is located betﬁeen a cold heat
source heat exchanger {2) and an eighth solenoid valve (EV8-2)
provided in a second branch gas flow pipe (4b).

A connection point of a liquid pipe (7) with a liguid

135



10

15

20

25

flow pipe (5) is located between a hot heat source heat
exchanger (1) and a first check valve (CV1i-2) provided in a
second branch liquid flow pipe (5b). Further, the liquid flow
pipe (5) is provided with a fourth solenocid valve {(EV4). In
this embodiment, the liquid pipe (7) is provided with no fourth
check valve (CV4). Other structures are the same as in the
ninth embodiment.

Next, description is made about a cooling operation of
the refrigerant circuit (B) configured as above-described.

At the start of the cooling operation, firstly, the
controller (C)} opens the seventh solenoid wvalve (EV7-1)
provided in the first branch gas flow pipe (4a) and the eighth
solenoid valve (EV8-2) provided in the second branch gas flow
pipe (4b), and closes the seventh solenoid wvalve (BV7-2)
provided in the second branch gas flow pipe {4b) and the eighth
solenoid valve (EV8-1) provided in the first branch gas flow
pipe (4a).

In this state, as shown in Fig. 35{(a), high-pressure gas
refrigerant is supplied from the hot heat source heat
exchanger (1) to the discharging first liquid receiver (25a)
through the first branch gas flow pipe (4a}. When the gas
refrigerant is thus supplied, the pressure of the gas
refrigerant acts so that liquid refrigerant previously stored
in the first liquid receiver (25a) is introduced into the
indoor heat exchanger (3) through the first branch liquid flow
pipe {(5a) and the liguid pipe (7). Then, liguid refrigerant
exchanges heat with room air in the indoor heat exchanger (3)

to evaporate therein so that the room air is cooled resulting
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in cooling the room.

At this time, as shown in Fig. 35(b), the gas refrigerant
in the indoor heat exchanger (3) is transferred to the cold
heat source heat exchanger (2) through the gas pipe (6) by
pressure difference between the c¢old heat source heat
exchanger (2) under the condensation of refrigerant and the
indoor heat exchanger (3) under the evaporation of refrigerant.
Then, the gas refrigerant is condensed to liquid refrigerant
in the cold heat source heat exchanger (2). The liquid
refrigerant is transferred to the charging second liquid
receiver (25b) through the second branch liguid flow pipe
(5b).

When such an operation is continued for a specified time
so that the storage amount of liguid refrigerant in the first
liquid receiver (25a} becomes short of a specified amount,
the controller (C) opens the seventh solenoid wvalve (EV7-
2) provided in the second branch gas flow pipe (4b)} and the
eighth sclenoid valve (EV8-1) provided in the first branch
gas flow pipe (4a) and closes the seventh solenoid valve
(EV7-1) provided in the first branch gas flow pipe {(4a) and
the eighth solenoid valve (EV8-2) provided in the second
branch gas flow pipe (4b). Thereby, the second liquid receiver
(25b) is changed to a discharging liquid receiver and the first
liquid receiver (25a) 4is changed to a charging liquid
receiver.

Then, as shown in Fig. 35(c¢), high-pressure gas
refrigerant is supplied from the hot heat source heat

exchanger (1) to the second liguid receiver {25b) through the
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second branch gas flow pipe (4b). When the gas refrigerant
is thus supplied, the pressure of the gas refrigerant acts
so that liquid refrigerant previously stored in the second
liquid receiver (25b) is introduced into the indoor heat
exchanger (3) through the second branch liquid flow pipe (5b)
and the liguid pipe (7). Then, liquid refrigerant exchanges
heat with the room air in the indoor heat exchanger (3) to
evaporate therein so that the room air is cooled resulting
in cooling the room.

At this time, as shown in Fig. 35(d), the gas refrigerant
in the indoor heat exchanger (3) is transferred to the cold
heat source heat exchanger (2) through the gas pipe (6) by
pressure difference between the c¢old heat source heat
exchanger (2) and the indoor heat exchanger (3). Thereafter,
the gas refrigerant is condensed to liquid refrigerant in the
cold heat source heat exchanger {2). The liquid refrigerant
is transferred to the first liquid receiver (25a) through the
first branch liquid flow pipe (5a).

The above operations of the liquid receivers (25a, 25b)
are alternately executed so that the operation of absorbing
heat of the indoor heat exchanger (3) is successively executed.
In other words, the cooling operation can be successively
executed.

When the cooling operation is executed for a specified
time so that the storage amount of liguid refrigerant in the
hot heat source heat exchanger (1) becomes short of a specified
amount, the controller (C) opens the seventh solenoid valves

(EV7-1, EV7-2) connected to the liquid receivers (25a, 25b)
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in which liquid refrigerant is stored, and opens the fourth
solenoid valve (EV4). Thereby, pressure is equalized between
the hot heat source heat exchanger (1) and the cold heat source
heat exchanger (2) so that liquid refrigerant in the cold heat
source heat exchanger (2) is recovered to the hot heat source
heat exchanger (1)}.

- Eleventh Embodiment -

An embodiment of a heat transfer device according to
claims 49 to 52 of the invention will be described next with
reference to the drawings.

In this eleventh embodiment, first and second liquid
receivers are provided and the secondary refrigerant circuit
is configured for an air conditioner changeable between a
heating operation and a cooling operation. Described in this
embodiment are only differences in circuit configuration from
the embodiments described so far.

As shown in Fig. 36, a gas flow selecting means (8) of
the secondary refrigerant circuit (B) of this eleventh
embodiment is configured such that in the refrigerant circuit
of the ninth embodiment, a second solenoid wvalve (EV2)
referred to as a third shut-off valve in claim 51 is provided
in the gas pipe (6) and a gas connecting pipe (20) is provided
between each of the branch gas pipes (4a, 4b) and the gas pipe
(6).

More specifically, one end of the gas connecting pipe
(20) is connected to a part of the gas pipe (6) located between
the second solencid valve (EV2) and the indoor heat exchanger

{3). The other end of the gas connecting pipe (20) is connected
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to a part of the second branch gas flow pipe {(4b) located
between the eighth solenoid valve (EV8-2) and the cold heat
source heat exchanger (2). Further, the gas connecting pipe
(20) is provided with a third solenoid valve (EV3) referred
to as a fourth shut-off valve in claim 51.

A liquid flow selecting means (9) is configured such that
in addition to the refrigerant circuit of the tenth embodiment,
the liquid pipe (7) is provided with a ninth solenoid valve
(EV9) and a liquid connecting pipe (21) is provided between
each of the branch liquid f£low pipes {(5a, 5b) and the liguid
pipe (7). In detail, the liquid connecting pipe (21) is
connected at one end thereof to a part of the liquid pipe (7)
located between the ninth solenoid valve (EV9) and the indoor
heat exchanger (3) and is connected at the other end to a part
of the second branch liquid flow pipe (5b) located between
the second solenoid valve (EV2-2) and the cold heat source
heat exchanger (2). The 1ligquid connecting pipe (21) is
provided with a tenth solenoid valve (EV10).

Under such a configuration, in a heating operation of
the secondary refrigerant circuit (B), the heating operation
as described in the ninth embodiment is executed so that a
room is successively heated. In detail, as shown in Fig. 37,
when recovery of liguid refrigerant is executed with respect
to the discharging liquid receiver {(25a), liquid refrigerant
condensed in the indoor heat exchanger (3) is transferred to
the charging liguid receiver (25b). Such an operation is
alternately repeated between both the ligquid receivers (25a,

25b).
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On the other hand, in a cooling operation, the cooling
operation as described in the tenth embodiment is executed
so that the room is successively cooled. In detail, as shown
in Fig. 38, when liguid refrigerant is supplied from the
discharging liquid receiver {(25a) to the indoor heat exchanger
(3), the liquid refrigerant is evaporated to gas refrigerant
in the indoor heat exchanger (3), the gas refrigerant is
condensed to liguid refrigerant in the cold heat source heat
exchanger (2) and the liquid refrigerant is transferred to
the charging liquid receiver (25b). Such an operation is
alternately repeated between both the liguid receivers (25a,
25b). Further, when the storage amount of liquid refrigerant
in the hot heat source heat exchanger (1) becomes short of
a specified amount with the running of the cooling operation,
liguid refrigerant is recovered to the hot heat source heat
exchanger (1) through the ligquid flow pipe (5).

- Twelfth Embodiment -~

An embodiment of a heat transfer device according to
claims 53 to 58 of the invention will be described next with
reference to the drawings.

In this twelfth embodiment, the secondary refrigerant
circuit is configured for a multi-type air conditioner freely
operable for cooling and heating operations. The air
conditioner has first and second liquid receivers and four
indoor heat exchangers placed in four rooms individually so
as to be individually selectable between the cooling and
heating operations. Described in this embodiment are only

differences in circuit configuration from the fourth
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embodiment.

As shown in Fig. 39, a gas flow selecting means (8) of
the secondary refrigerant circuit (B) is configured such that
a part of a gas flow pipe (4) is divided into first and second
branch gas flow pipes {4a, 4b), the first branch gas £low pipe
(4a) is connected to a first liquid receiver (25a) through
a first gas pipe {(26a) and the second branch gas flow pipe
(4b) is connected to a second liquid receiver (25b) through
a second gas pipe (26b}).

Further, between a hot heat source heat exchanger (1)
and connection points of the branch gas flow pipes (4a, 4b)
with the gas pipes (26a, 26b), seventh solenoid valves (EV7-1,
EV7-2) are provided respectively. Between a cold heat source
heat exchanger (2} and the connection points of the branch
gas flow pipes {4a, 4b) with the gas pipes (26a, 26b), eighth
solenoid valves (EV8-1, EV8-2) are provided respectively.

A part of a liquid flow pipe (5) is divided into first
and second branch ligquid flow pipes (5a, 5b), the first branch
liquid flow pipe (5a) is connecied to the first l1iquid receiver
{25a) through a first liquid pipe (27a) and the second branch
liguid flow pipe (5b)} is connected to the second 1liquid
receiver (25b) through a second liquid pipe (27b).

Between the hot heat source heat exchanger (1) and
connection points of the branch ligquid flow pipes (5a, 5b)
with the liguid pipes (27a, 27b), first check valves {(CV1-1,
CV1l-2) for allowing only flows of liquid refrigerant from the
ligquid receivers (25a, 25b) to the hot heat source heat

exchanger (1) are provided respectively. Between the cold heat

142



10

15

20

25

source heat exchanger (2) and the connection points of the
branch ligquid flow pipes (5a, 5b) with the liquid pipes (27a,
27b}), second check valves (CvV2-1, CV2-2) for allowing only
flows of liquid refrigerant from indoor heat exchanges (3a-34d)
and the cold heat source heat exchanger (2) to the liquid
receivers (25a, 25b) are provided respectively.

Further, the liquid pipe (7) is provided with a ninth
solenoid valve (EV9) and a liquid connecting pipe (21) is
provided between each of the branch liquid flow pipes (5a,
5b) and the liquid pipe (7). In detail, the liquid connecting
pipe (21) is connected at one end thereof to a part of the
liquid pipe (7) located between the ninth solenoid valve (EV9)
and the indoor heat exchanges (3a-3d) and is connected at the
other end to a part of the second branch liquid £low pipe (5b)
located between the second check valve (CV2-2) and the cold
heat source heat exchanger (2).

The liquid connecting pipe (21) is provided with a tenth
solenoid valve (EV10). Other structures are the same as in
the fourth embodiment (See Fig. 12).

Under such a configuration, at the time of air
conditioning of the secondary refrigerant circuit (B), the
direction of refrigerant flow is changed in accordance with
the operation mode of each of the indoor heat exchangers
(3a-34) described in the fourth embodiment and recovery and
supply of liquid refrigerant with respect to each of the liquid
receivers (25a, 25b) are alternately changed, so that the
operation of each of the indoor heat exchanges (3a-3d) is

successively executed.
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More specifically, the case of the operation of mainly
radiating heat in which the heat balance among all rooms
requests the heating operation is as shown in Fig. 40. When
recovery of liquid refrigerant from the discharging ligquid
receiver (25a) to the hot heat source heat exchanger (1) is
made, liquid refrigerant is supplied from the indoor heat
exchangers (3a-3c) under the operation of radiating heat to
the charging liquid receiver (25b)}. Such an operation is
repeated alternately between both the liquid receivers.

The case of the operation of mainly absorbing heat in
which the heat balance among all the rooms requests the cooling
coperation is as shown in Fig. 41. When gas refrigerant
evaporated in the indoor heat exchangers (3b-3d) under the
operation of absorbing heat is condensed to liquid refrigerant
in the cold heat source heat exchanger (2) and is transferred
to the discharging liquid receiver (25b), liquid refrigerant
is recovered from the charging liquid receiver (25a) to the
hot heat source heat exchanger (1) while liquid refrigerant
is supplied from the charging liguid receiver (25a) to the
indoor heat exchangers (3b-3d)} under the operation of
absorbing heat. Such an operation is repeated alternately
between both the liguid receivers.

The case that the total amount of heat radiated and the
total amount of heat absorbed are equal among all the indoor
heat exchangers (3a-3d) is as shown in Fig. 42. When recovery
of liquid refrigerant from the discharging liquid receiver
{25a) to the hot heat source heat exchanger (1) is made, liquid

refrigerant is supplied from the indoor heat exchangers (3a,
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3b) under the operation of radiating heat to the indoor heat
exchangers (3c, 3d) under the operation of absorbing heat and
gas refrigerant evaporated in the indoor heat exchangers (3c,
3d) is transferred to the charging liquid receiver (25b). Such
an operation is repeated alternately between both the liquidg
recelivers.

Since the operations in the case that all the indoor heat
exchangers (3a-3d) execute the operation of radiating heat
and in the case that all the indoor heat exchangers (3a-34)
execute the operation of absorbing heat are the same as in
the operations described in the eleventh embodiment,
description is omitted.

- Modifications of primary refrigerant circuit -

Description has been made so far about the secondary
refrigerant circuits (B). The following description will be
made about plural modifications of the primary refrigerant
circuit (A) combinable with the above-described secondary
refrigerant circuits (B).

In the below-described modifications of the primary
refrigerant circuit (A), description about the secondary
refrigerant c¢ircuit (B) 1is omitted. Further, in the
below-described circuits, same names and reference numerals
refer to parts having same functions.

- Thirteenth Embodiment -

This thirteenth embodiment is an embodiment according
to claims 61 and 62 of the invention and a modification of
the primary refrigerant circuit (A) applied to a heating-

only air conditioner.
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As shown in Fig. 43, in this primary refrigerant circuit
(A}, a compressor (11), a heating heat exchanger (12) capable
of exchanging heat with a hot heat source heat exchanger (1),
a first motor-operated valve (18a) as an expansion mechanism,
and a cooling heat exchanger {15) for exchanging heat with
a cold heat source heat exchanger (2), are connected in this
order so as to be capable of circulating refrigerant through
refrigerant piping (16). Thereby, a main refrigerant
circulating passage (30) is formed.

A bypass passage (17) is connected at one end thereof
between the motor-operated valve (18a) and the heating heat
exchanger (12) and at the other end between the compressor
(11) and the cooling heat exchanger (15). The bypass passage
(17} is provided with a heat amount adjusting heat exchanger
(14) and a second motor-operated valve (18b) as a flow control
valve adjustable in opening for controlling a flow rate of
refrigerant flowing into the heat amount adjusting heat
exchanger {(14}. The motor-operated valves (18a, 18b) are each
controlled in its opening by an unshown controller.

Under such a configuration, during the refrigerant
circulation in the primary refrigerant circuit (A)., the
motor-operated valves (18a, 18b) are each controlled in its
opening in accordance with a difference between an amount of
heat given from the heating heat exchanger (12) to the hot
heat source heat exchanger (1) and an amount of heat taken
from the cold heat source heat exchanger (2) to the cooling
heat exchanger (15).

Refrigerant discharged from the compressor (11) is
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heat-exchanged, in the heating heat exchanger (12), with the
hot heat source heat exchanger (1) to condense to liquid
refrigerant. In accordance with respective openings of the
motor-operated valves (18a, 18b), a part of the liquid
refrigerant introduced from the heating heat exchanger (12)
is introduced into the main circulating passage (on the first
motor-operated valve (18a) side) while the remaining liguid
refrigerant is introduced into the bypass passage (on the
second motor-operated valve (18b) side).

The 1liquid refrigerant introduced into the main
circulating passage (30) is reduced in pressure in the first
motor-operated valve {(18a), and is heat-exchanged, in the
cooling heat exchanger (15), with the cold heat source heat
exchanger (2} to evaporate. On the other hand, the liguid
refrigerant introduced into the bypass passage {17} is reduced
in pressure in the second motor-operated valve (18b), and is
heat-exchanged, in the heat amount adjusting heat exchanger
(14), with, for example, outside air to evaporate. The gas
refrigerant evaporated in the above manners is sucked into
the compressor {(11). Such a circulation of refrigerant is
repeated.

Under such a circulation of refrigerant, when the
opening of the motor-operated flow rate control valve (18)
is set such that the amount of heat absorbed in the heat amount
adjusting heat exchanger (14) becomes equal to a difference
between the heat exchange amounts described above, the amount
of heat radiated and the amount of heat absorbed can become

equal as the overall primary refrigerant circuit (A). This
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achieves excellent refrigerant circulation in the primary
refrigerant circuit {(A).

- Fourteenth Embodiment -

This fourteenth embodiment is an embodiment according
to claims 63 and 64 of the invention and a modification of
the primary refrigerant circuit (A) applied to a cooling-
only air conditioner. Described in this embodiment are only
differences from the primary refrigerant circuit (A)
described in the first embodiment.

As shown in Fig. 44, the primary refrigerant circuit (A)
is configured such that an expansion valve (13) is provided
between a heat amount adjusting heat exchanger {(14) and a
cooling heat exchanger (15} and a bypass passage {(17) is
connected at one end thereof between the expansion valve (13)
and the heat amount adjusting heat exchanger (14) and at the
other end between a heating heat exchanger {(12) and the heat
amount adjusting heat exchanger (14). In other words, the
primary refrigerant circuit (A) is configured such that gas
refrigerant is heat-exchanged, in the heat amount adjusting
heat exchanger (14}, with, for example, outside air to
condense.

Under such a configuration, when the opening of the
motor-operated flow rate control valve {(18) is set such that
the amount of heat radiated in the heat amount adjusting heat
exchanger (14) becomes equal to a difference between an amount
of heat given from the heating heat exchanger (12) to the hot
heat source heat exchanger (1) and an amount of heat taken

from the cold heat source heat exchanger (2) to the cooling
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heat exchanger (15), the amount of heat radiated and the amount
of heat absorbed can become equal as the overall primary
refrigerant circuit (A). This achieves excellent refrigerant
circulation in the primary refrigerant circuit (A).

- Fifteenth Embodiment -

This fifteenth embodiment is an embodiment according to
claims 65 and 66 of the invention and a modification of the
primary refrigerant circuit (A) applied to a cooling-only air
conditioner. Described in this embodiment are only
differences from the primary refrigerant circuit (A)
described in the thirteenth embodiment.

As shown in Fig. 45, the primary refrigerant circuit (A)
is configured such that a bypass passage (17) is connected
at one end thereof between a first motor-operated valve (18a)
as an expansion mechanism and a cooling heat exchanger (15)
and at the other end to the discharge side of a compressor
(11), i.e., between the compressor (11) and a heating heat
exchanger (12)}. In other words, the primary refrigerant
circuit (A) is configured such that gas refrigerant discharged
from the compressor (11) is distributed between the heating
heat exchanger (12) and the heat amount adjusting heat
exchanger (14).

Under such a configuration, when the openings of the
motor-operated valves (18a, 18b) are set respectively such
that the amount of heat radiated in the heat amount adjusting
heat exchanger (14) becomes equal to a difference between an
amount of heat given from the heating heat exchanger (12) to

the hot heat source heat exchanger (1) and an amount of heat
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taken from the cold heat source heat exchanger (2) to the
cooling heat exchanger (15), the amount of heat radiated and
the amount of heat absorbed can become equal as the overall
primary refrigerant circuit (A). This achieves excellent
refrigerant circulation in the primary refrigerant circuit
(A).

- Sixteenth Embodiment -

This sixteenth embodiment is an embodiment according to
claims 67 and 68 of the invention and a modification of the
primary refrigerant circuit (A) applied to an air conditioner
changeable between cooling and heating operations. Described
in this embodiment are only differences from the primary
refrigerant circuit (A) described in the first embodiment.

As shown in Fig. 46, the primary refrigerant circuit (A4)
includes a four-way selector valve (13) selectable between
(a) afirst position capable of introducing liquid refrigerant
from a heating heat exchanger (12) to a heat amount adjusting
heat exchanger (14) and a bypass passage (17) through an
expansion valve {(13) and {(b) a second position capable of
introducing the ligquid refrigerant to the expansion valve {(13)
through the heat amount adjusting heat exchanger (14) and the
bypass passage (17). Other structures are the same as in the
first embodiment.

Under such a configuration, during the heating operation
(during the operation of radiating heat of an indoor heat
exchanger (3)), the four-way selector valve (19) selects the
first position shown in broken lines in Fig. 46 so that

refrigerant absorbs heat in the heat amount adjusting heat
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exchanger (14) to evaporate. The amount of heat absorbed is
controlled by an motor-operated flow rate control valve (18).

On the other hand, during the cooling operation (during
the operation of absorbing heat of the indoor heat exchanger
(3)), the four-way selector valve (19) selects the second
position shown in solid lines in Fig. 46 so that refrigerant
radiates heat in the heat amount adjusting heat exchanger (14)
to condense. The amount of heat radiated is controlled by the
motor-operated flow rate control valve {18). Such operations
allow the amount of heat radiated and the amount of heat
absorbed to become equal as the overall primary refrigerant
circuit (A) during either operation. This achieves excellent
refrigerant circulation in the primary refrigerant circuit
(A).

Fig. 47 shows amodification of the sixteenth embodiment.
As shown in the figure, the modification includes a defrosting
circuit (31) as defrosting means for defrosting the heat
amount adjusting heat exchanger {(14) when the heat amount
adjusting heat exchanger {(14) is frosted during the heating
operation.

More specifically, a hot gas pipe (32) is connected at
one end thereof between the compressor (11) and the heating
heat exchanger (12) (to the discharge side of the compressor
(11)) and at the other end between the heat amount adjusting
heat exchanger (14) and the four-way selector valve (19). In
the vicinities of both ends of the hot gas pipe (32), first
solencid valves (EVD1l, EVDl) for defrosting are provided

respectively.
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Further, a refrigerant recovery pipe (33) is connected
at one end thereof between the heating heat exchanger (12)
and one end of the hot gas pipe (32) and is connected at the
other end between a cooling heat exchanger (15) and the
compressor (11) (to the discharge side of the compressor (11)).
The refrigerant recovery pipe (33) is provided with a second
solenoid valve (EDV2) for defrosting.

On the discharge side of the compressor (11), a third
solenoid valve (EDV3) for defrosting is provided between a
connection point of the refrigerant piping (16) with the hot
gas pipe (32) and a connection point of the refrigerant piping
(16) with the refrigerant recovery pipe (33). On the suction
side of the compressor (11), a third solenoid valve (EDV3)
for defrosting is provided between a connection point of the
refrigerant piping (16) with the refrigerant recovery pipe
(33) and the cooling heat exchanger (15).

Under such a configuration, when the heat amount
adjusting heat exchanger (14) is frosted, the four-way
selector valve (19) is changed to the position shown in broken
lines in Fig. 47, the third solenoid valves (EDV3, EDV3) for
defrosting are closed and the first solenoid valves (EDV1,
EDV1) for defrosting and the second solenoid valve (EDV2) for
defrosting are opened. Thereby, hot refrigerant discharged
from the compressor (11) is introduced into the heat amount
adjusting heat exchanger {(14) through the hot gas pipe (32)
thereby defrosting the heat amount adjusting heat exchanger
(14). Thereafter, the refrigerant is recovered to the

compressor (11) through the expansionvalve (13}, the four-way

152



10

15

20

25

selector valve (19), the heating heat exchanger (12) and the
refrigerant recovery pipe (33). Accordingly, frost on the heat
amount adjusting heat exchanger (14) can be promptly
eliminated. This increases air conditioning performance.

Further, such a defrosting circuit (31) can be applied
to the first and thirteenth embodiments as well as the air
conditioner changeable between the heating and cooling
operations as in this embodiment.

- Seventeenth Embodiment -

This seventeenth embodiment is an embodiment according
to claims 69 and 70 of the invention and a modification of
the primary refrigerant circuit (A) applied to an air
conditioner changeable between cooling and heating
cperations. Described in this embodiment are only differences
from the primary refrigerant circuit (A) described in the
thirteenth embodiment {See Fig. 43).

As shown in Fig. 48, the primary refrigerant circuit (A)
is configured such that a third motor-operated valve (18c)
is provided on the discharge side of the heating heat exchanger
(12), a bypass passage (17) between a compressor (11) and a
heat amount adjusting heat exchanger (14) is divided into a
suction side branch pipe {(17a) and a discharge side branch
pipe (17b), the suction side branch pipe (17a) is connected
to the suction side of the compressor (11) and the discharge
side branch pipe (17b) is connected to the discharge side of
the compressor (11).

The suction side branch pipe (17a) is provided with a

suction side solenoid valve (EVI) which is opened during the
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heating operation and is closed during the cooling operation.
The discharge side branch pipe (17b) is provided with a
discharge side solenoid valve (EVQ) which is closed during
the heating operation and is opened during the cooling
operation. Other structures are the same as in the thirteenth
embodiment.

Under such a configuration, during the heating operation
(during the operation of radiating heat of an indoor heat
exchanger (3)), the suction side solencid valve [(EVI} is
opened and the discharge side solenoid valve {(EVO) is closed
so that refrigerant absorbs heat in the heat amount adjusting
heat exchanger (14) to evaporate. The amount of heat absorbed
is controlled by motor-operated valves (18a, 18b).

On the other hand, during the cooling operation {(during
the operation of absorbing heat of the indoor heat exchanger
{3)}, the suction side solenoid valve (EVI) is closed and the
discharge side solenoid wvalve (EVQO) 1is opened so that
refrigerant radiates heat in the heat amount adjusting heat
exchanger (14) to condense. The amount of heat radiated is
controlled by the motor-operated valves (18a, 18b}. Such
operations allow the amount of heat radiated and the amount
of heat absorbed to become equal as the overall primary
refrigerant circuit (A) during either operation. This
achieves excellent refrigerant circulation in the primary
refrigerant circuit (3).

Fig. 49 shows a modification of the seventeenth
embodiment. As shown in the figure, the modification includes

a defrosting circuit (31) for defrosting the heat amount
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adjusting heat exchanger (14) when the heat amount adjusting
heat exchanger (14) is frosted during the heating operation.
More specifically, a refrigerant recovery pipe (33) is
connected at one end thereof between the compressor (11) and
the heating heat exchanger (12) (to the discharge side of the
compressor (11)) and is connected at the other end between
the compressor {(11) and a cooling heat exchanger (15) (to the
suction side of the compressor (11)). The refrigerant recovery
pipe (33) is provided with a third solenoid valve (EDV3) for
defrosting.

On the discharge side of the compressor (11), a fourth
solenoid valve (EDV4) for defrosting is provided between the
compressor (11) and a connection point of the refrigerant
piping (16) with the refrigerant recovery pipe (33).

Under such a configuration, when the heat amount
adjusting heat exchanger (14) is frosted, the suction side
solenoid valve (EVI) and the fourth solenoid valve {(EVD4) for
defrosting are closed, and the discharge side solenoid valve
(EVO) and the third solenoid valve (EVD3) for defrosting are
opened.

Thereby, hot refrigerant discharged from the compressor
(11) is introduced into the heat amount adjusting heat
exchanger (14) through the discharge side branch pipe (17b)
thereby defrosting the heat amount adjusting heat exchanger
(14). Thereafter, the refrigerant is recovered to the
compressor (11) through the second and third expansion valves
(18b, 18c), the heating heat exchanger (12) and the

refrigerant recovery pipe (33). Accordingly, £frost on the heat
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amount adjusting heat exchanger (14) can be promptly
eliminated. This increases air conditioning performance.

Further, such a defrosting circuit (31} can be applied
to the circuit of the thirteenth embodiments as well as the
air conditioner selectively operable between the heating and
cooling operations as in this embodiment.

The configuration of the above-mentioned primary
refrigerant circuits (A) can be applied to the ninth to twelfth
embodiments including a plurality of liguid receivers (25a,
25b}.

~- Modifications having
plural cold heat source heat exchangers -

In the following eighteenth to twenty-third embodiments
of the invention, the primary refrigerant circuit
configurations in the cases that the secondary refrigerant
circuits each have a plurality of cold heat source heat
exchangers (two heat exchangers in the embodiments )} are shown.

- Eighteenth Embodiment -

As shown in Fig. 50, this eighteenth embodiment has the
configuration that the secondary refrigerant circuit (B) of
the first embodiment includes two cold heat source heat
exchangers {2a, 2b). As a primary refrigerant circuit (A},
same configuration as in the first embodiment (See Fig. 1)
is employed.

In such a configuration, the primary refrigerant circuit
{(A) is configured such that cooling heat exchangers (15a, 15b)
are provided in correspondence with the cold heat source heat

exchangers (2a, 2b), refrigerant piping (16) is divided into
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branch pipes (16a, 16b) in correspondence with the cooling
heat exchangers (15a, 15b) and the branch pipes (16a, 16b)
are provided with motor-operated valves (EVA, EVB) for
controlling flow rates of refrigerant toward the cooling heat
exchangers (15a, 15b) respectively.

The configuration of the secondary refrigerant circuit
(B} is the same as in the fifth embodiment (See Fig. 21).

- Nineteenth Embodiment -

As shown in Fig. 51, this nineteenth embodiment has the
configuration that the secondary refrigerant circuit (B) of
the first embodiment includes two cold heat source heat
exchangers (2a, 2b). As a primary refrigerant circuit (A),
same configuration as in the thirteenth embodiment (See Fig.
43) is emploved.

In such a configuration, the primary refrigerant circuit
(A) is configured such that branch pipes (l16a, 16b) of
refrigerant piping (16) are provided with second motor-
operated valves (18a-1, 18a-2) for controlling flow rates of
refrigerant toward cooling heat exchangers (15a, 15b)
respectively. Also in this embodiment, the configuration of
the secondary refrigerant circuit is the same as in the fifth
embodiment (See Fig. 21).

- Twentieth Embodiment -

As shown in Fig. 52, this twentieth embodiment has the
configuration that the secondary refrigerant circuit (B) of
the fourteenth embodiment (See Fig. 44) includes two cold heat
scurce heat exchangers {(2a, 2b).

In such a configuration, a primary refrigerant circuit
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(A) is configured such that branch pripes (l6a, 16b) of
refrigerant piping (16) are provided with expansion valves
(13a, 13b) for controlling flow rates of refrigerant toward
cooling heat exchangers (15a, 15b) respectively. The
configuration of the secondary refrigerant circuit (B) is the
same as in the sixth embodiment (See Fig. 23).

- Twenty-first Embodiment -

As shown in Fig. 53, this twenty-first embodiment has
the configuration that the secondary refrigerant circuit (B)
of the fifteenth embodiment (See Fig. 45) includes two cold
heat source heat exchangers (2a, 2b).

In such a configuration, a primary refrigerant circuit
(A) is configured such that branch pipes (l6a, 16b) of
refrigerant piping {16) are provided with motor-operated
valves (18d-1, 18d-2) for controlling flow rates of
refrigerant toward cooling heat exchangers (15a, 15b)
respectively. Also in this embodiment, the configuration of
the secondary refrigerant circuit (B) is the same as in the
sixth embodiment (See Fig. 23).

- Twenty-second Embodiment -

As shown in Fig. 54, this twenty-second embodiment has
the configuration that the secondary refrigerant circuit (B)
of the sixteenth embodiment (See Fig. 46) includes two cold
heat source heat exchangers (2a, 2b).

In such a configuration, a primary refrigerant circuit
(A} is configured such that branch pipes (16a, 16b) of
refrigerant piping (16) are provided with expansion valves

(18d-1, 18d-2) composed of motor-operated valves for
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controlling flow rates of refrigerant toward cooling heat
exchangers (15a, 15b) respectively. The configuration of the
secondary refrigerant circuit (B) is the same as in the seventh
embodiment (See Fig. 25}).

- Twenty-third Embodiment -

As shown in Fig. 55, this twenty-third embodiment has
the configuration that the secondary refrigerant circuit (B)
of the seventeenth embodiment (See Fig. 48) includes two cold
heat source heat exchangers {2a, 2b}.

In such a configuration, a primary refrigerant circuit
(A) is configured such that branch pipes (1l6a, 16b) are
provided with motor-operated valves (18a-1, 18a-2) for
controlling flow rates of refrigerant toward cooling heat
exchangers (15a, 15b) respectively. Also in this embodiment,
the configuration of the secondary refrigerant circuit (B)
is the same as in the seventh embodiment (See Fig. 25).

- Other Embodiments -

The above embodiments describe the cases that the
present invention is applied to refrigerant circuitry of air
conditioners for air-conditioning one or more rooms. However,
this invention is not restricted to these cases and can be
applied to various kinds of refrigerating machines such as
refrigerant circuitry for refrigerator.

The above-~described embodiments are each configured
such that the hot heat source heat exchanger (1)} of the
secondary refrigerant circuit (B) receives heat from
refrigerant circulating in the primary refrigerant circuit

(A} and the cold heat source heat exchanger (2) of the
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secondary refrigerant circuit (B) gives heat to refrigerant
circulating in the primary refrigerant circuit (A). The heat
transfer devices according to claims 1 to 58 of the invention
are not limited to the above configuration, and may be
configured such that a heater is disposed in the hot heat
source heat exchanger (1) of the secondary refrigerant circuit
(B) so as to evaporate refrigerant through the application
of heat from the heater or the cold heat source heat exchanger
(2) exchanges heat with outside air.

In this invention, an absorption refrigerating machine
may be provided in place of the compressor (11) of the primary
refrigerant circuit (A4).

[Industrial Applicability]

As described so far, a heat transfer device of this
invention is suitable for a non-power heat transfer type
device necessitating no drive source and particularly useful

in refrigerant circuitry for air conditioner.
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1. A heat transfer device comprising:

hot heat source means (1) for evaporating refrigerant
through the application of heat;

cold heat scurce means {(2) which is connected to the hot
heat source means (1) through a gas flow pipe {(4) and a liguid
flow pipe (5) to form a closed circult with the hot heat source
means (1) and condenses refrigerant by heat radiation;

user-side means (3) connected to the gas flow pipe (4)
through a gas pipe (6) and to the ligquid flow pipe (5) through
a liquid pipe (7);

gas flow selecting means (8) for changing gas
refrigerant flow between the gas flow pipe (4) and the gas
pipe (6):;

liquid flow selecting means (9) for changing liquid
refrigerant flow between the liquid flow pipe (5) and the
liquid pipe (7): and

control means {(C) for controlling at least one of the
gas flow selecting means {(8) and the ligquid flow selecting
means (9) to change refrigerant flow with respect to the
user-side means (3) according to an operation mode of the
user-side means (3).

2. A heat transfer device according to claim 1, wherein

the control means (C)} is configured to control at least
the gas flow selecting means (8) to execute an operation of
radiating heat of the user-side means (3)

in a manner that gas refrigerant is supplied from the
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hot heat source means (1) to the user-side means {(3) for
condensation and liguid refrigerant condensed in the
user-side means (3) is transferred to the cold heat source
means (2) by pressure difference between the cold heat source
means (2) which condenses gas refrigerant at a temperature
lower than that of the user-side means (3) and the user-side
means (3)}.

3. A heat transfer device according to claim 2, wherein

the cold heat source means (2) is placed at a position
higher than the hot heat source means (1), and

the control means (C) is configured to control at least
the gas flow selecting means (8) to execute an operation of
recovering refrigerant when liquid refrigerant in the cold
heat source means (2) exceeds a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means {1) to the cold heat source means {2)
to equalize pressures of the hot heat source means (1) and
the cold heat source means (2) so that a flow of ligquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering the
liquid refrigerant in the cold heat source means {2) to the
hot heat source means (1).

4. A heat transfer device according to claim 3, wherein

the gas flow selecting means (8) has a shut-off valve
(EV1) provided between the cold heat source means {(2) and a
connection point of the gas flow pipe (4) with the gas pipe
(6), and

the control means (C) is configured to close the shut-off
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valve {(EV1) during the operation of radiating heat of the
user~side means (3) and open it during the operation of
recovering liquid refrigerant in the cold heat source means
(2).

5. A heat transfer device according to claim 3, wherein

the liquid flow selecting means (9} includes: a first
check valve {CV1) which is provided between the hot heat source
means {1) and a connection point of the liquid flow pipe (5)
with the liquid pipe {(7) and allows only a flow toward the
hot heat source means (1); and a second check valve {(CV2) which
is provided in the liquid pipe (7) and allows only a flow toward
the cold heat source means (2).

6. A heat transfer device according to claim 1, wherein

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of absorbing heat of the user-side
means (3)

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the cold heat source means (2)
to push out liguid refrigerant in the cold heat source means
(2) to the user-side means (3), the liguid refrigerant is
evaporated 1in the user-side means (3) while the dgas
refrigerant is condensed in the cold heat source means (2),
and the gas refrigerant evaporated in the user-side means (3)
is transferred to the cold heat source means (2) by pressure
difference between the user-side means (3) and the cold heat
source means (2) caused due to drop in pressure of the cold

heat source means (2).
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7. A heat transfer device according to claim 6, wherein

the cold heat source means (2) is placed at a position
higher than that of the hot heat source means (1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of recovefing refrigerant when
liquid refrigerant in the hot heat source means (1) becomes
short of a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the cold heat source means {2)
to equalize pressures of the hot heat source means (1) and
the cold heat source means (2) so that a flow of liquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering the
liquid refrigerant in the cold heat source means (2) to the
hot heat source means (1).

8. A heat transfer device according to claim 7, wherein

the gas flow selecting means (8) includes: a shut-off
valve (EV1) provided between the hot heat source means (1)
and a connection point of the gas flow pipe (4) with the gas
pipe (6); and a check valve (CVG) which is provided in the
gas pipe (6) and allows a flow toward the cold heat source
means {(2), and

the control means {(C) is configured to open the shut-off
valve (EV1) at the time of pushing out the liquid refrigerant
from the cold heat source means (2) to the user-side means
(3) and during the operation of recovering liquid refrigerant

in the cold heat source means (2} and close it at the time
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of transfer of refrigerant from the user-side means (3) to
the cold heat socurce means (2).

9. A heat transfer device according to claim 7, wherein

the liquid flow selecting means (9) includes: a shut-off
valve (EV4) provided at a recovery flow side part of the liquid
flow pipe (5) between the hot heat source means (1) and a
connection point with the ligquid pipe (7); a £first check valve
(CV1l) which is provided at a recovery flow side part of the
ligquid flow pipe (5) and allows only a flow toward the hot
heat source means (1); and a second check valve (CV3) which
is provided in the liquid pipe (7) and allows only a £low toward
the user-side means (3), and

the control means (C) is configured to close the shut~off
valve (EV4) during the operation of absorbing heat of the
user-side means (3) and open it during the operation of
recovering liguid refrigerant in the cold heat source means
{2). |

10. A heat transfer device according to claim 1, wherein

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to selectively execute an operation of radiating heat of
the user-side means (3) and an operation of absorbing heat
of the user-side means (3} in a manner that:

during the operation of radiating heat, gas refrigerant
is supplied from the hot heat source means (1) to the user-side
means {(3) for condensation and liquid refrigerant condensed
in the user-side means (3) is transferred to the cold heat

source means {2) by pressure difference between the cold heat
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source means (2) which condenses gas refrigerant at a
temperature lower than that of the user-side means (3) and
the user-side means (3); and

during the operation of absorbing heat, gas refrigerant
is supplied from the hot heat source means (1) to the cold
heat source means {2) to push out liguid refrigerant in the
cold heat source means (2) to the user-side means (3), the
liguid refrigerant is evaporated in the user-side means (3}
while the gas refrigerant is condensed in the cold heat source
means {2), and the gas refrigerant evaporated in the user-side
means (3) is transferred to the cold heat source means (2)
by pressure difference between the user-side means (3) and
the cold heat source means (2) caused due to drop in pressure
of the cold heat source means (2).

11. Aheat transfer device according to claim 10, wherein

the cold heat source means (2} is placed at a position
higher than the hot heat source means (1), and

the control means (C} is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
{9) to execute an operation of recovering refrigerant when
liquid refrigerant in the cold heat source means (2) exceeds
a specified amount of storage during the operation of
radiating heat and when liquid refrigerant in the hot heat
source means (1) becomes short of a specified amount of storage
during the operation of absorbing heat,

in a manner that gas refrigerant is supplied from the
hot heat source means (1)} to the cold heat source means (2)

to equalize pressures of the hot heat source means (1) and
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the cold heat source means {(2) so that a flow of liquid
refrigerant from the cold heat source means {(2) to the hot
heat source means (1) is produced thereby recovering liquid
refrigerant in the cold heat source means (2) to the hot heat
source means (1).

12. A heat transfer device according to claim 11, wherein

the gas flow selecting means (8) includes: a first
shut-off valve (EV1) provided between the cold heat source
means (2) and a connection point of the gas flow pipe (4) with
the gas pipe (6); a second shut-off valve (EV2) provided in
the gas pipe (6); a connecting pipe (10) whose one end is
connected between the first shut-off valve (EV1) and the cold
heat source means (2) and whose other end is connected between
the second shut-off valve (EV2) and the user-side means (3);
a third shut-off valve (EV3) provided in the connecting pipe
(10); and a check valve {CVG) which is provided in the
connecting pipe (10) and allows only a filow toward the cold
heat source means {(2), and

the control means (C) is configured to allow:

the first shut-off valve (EV1) toc be closed during the
operation of radiating heat of the user-side means (3) and
at the transfer of gas refrigerant from the user-side means
(3) to the cold heat source means (2) during the operation
of absorbing heat of the user-side means (3) and to be open
at the time of pushing out liquid refrigerant from the cold
heat source means (2) to the user-side means (3) during the
operation of absorbing heat of the user-side means {(3) and

during the operation of recovering liguid refrigerant in the
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cold heat source means (2);

the second shut-off valve (EV2) to be open only during
the operation of radiating heat of the user-side means (3):
and

the third shut-off valve {EV3) to be closed during the
operation of radiating heat of the user-side means (3) and
to be open during the operation of absorbing heat of the
user-side means (3).

13. Aheat transfer device according toclaimll, wherein

the liquid flow selecting means (9} includes: a first
shut-off valve (EV4) provided at a recovery flow side part
of the liguid flow pipe (5) between the hot heat socurce means
{1) and a connection point with the liguid pipe (7): a first
check valve (CV1l) which is provided at a recovery flow side
part of the liquid flow pipe (5) and allows only a £low toward
the hot heat source means {(l); and a second shut-off valve
(EV5) provided in the liquid pipe (7), and

the control means (C)} is configured to allow:

the shut-off valve (EV4) to be open during the operation
of recovering liguid refrigerant in the colid heat source means
(2) and to be closed during the operation of absorbing heat
of the user-side means (3)}; and

the second shut-off valve (EV5) to be open during the
operation of radiating heat of the user-side means (3} and
during the operation of absorbing heat of the user-side means
(3) and to be closed during the operation of recovering liquid
refrigerant in the cold heat source means (2}.

14. A heat transfer device according to claim 1, wherein
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a plurality of the user-side means (3a-34) are provided
and - each of the user-side means (3a-3d) is connected to the
gas flow pipe (4) and the liquid flow pipe (5) through the
gas pipe (6) and the liquid pipe (7) respectively in a manner
capable of individual selection between an operation of
radiating heat and an operation of absorbing heat, and

the control means (C)} is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of mainly radiating heat in which
the heat balance among all the user-side means (3a-34) is in
a heat radiative condition, in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the heat-radiative user-side means (3) for
condensation and the liquid refrigerant condensed in the
heat-radiative user-side means (3) is transferred to the cold
heat source means (2) by pressure difference between the cold
heat source means (2) which condenses the gas refrigerant at
a temperature lower than that of the heat-radiative user-
side means {3) and the heat~radiative user-side means (3) and
transferred to the heat-absorptive user-side means {(3) by
pressure difference between the heat-absorptive user-side
means (3) and the heat-radiative user-side means (3);

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas
refrigerant evaporated in the heat-absorptive user-side
means (3) is transferred to the cold heat source means (2}
by pressure difference between the cold heat source means (2)

and the heat-absorptive user-side means (3) caused due to
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refrigerant condensation in the cold heat source means {(2}).

15. A heat transfer device according to claim 14, wherein

the cold heat source means (2) is placed at a position
higher than the hot heat source means (1), and

the control means (C} is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of recovering refrigerant when
liquid refrigerant in the cold heat source means (2) exceeds
a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the cold heat source means {(2)
to equalize pressures of the hot heat source means (1) and
the cold heat source means (2) so that a flow of ligquid
refrigerant from the cold heat source means {2) to the hot
heat source means (1) is produced thereby recovering liguid
refrigerant in the cold heat source means {2) to the hot heat
source means (1).

16. A heat transfer device according to claim 1, wherein

a plurality of the user-side means (3a-3d) are provided
and each of the user-side means (3a-3d) is connected to the
gas flow pipe (4) and the liguid flow pipe (5) through the
gas pipe (6) and the liquid pipe (7) respectively in a manner
capable of individual selection between an operation of
radiating heat and an operation of absorbing heat, and

the control means (C) is configured to controcl the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of mainly absorbing heat in which

the heat balance among all the user-side means (3a-3d) is in
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a heat absorptive condition, in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the cold heat source means (2) to push out liquid
refrigerant in the cold heat source means (2) to the
heat-absorptive user-side means (3), the liquid refrigerant
is evaporated in the heat-absorptive user-side means (3) while
the gas refrigerant is condensed in the cold heat source means
(2), and the gas refrigerant evaporated in the heat-absorptive
user-side means (3) is transferred to the cold heat source
means (2) by pressure difference between the heat-absorptive
user-side means (3) and the cold heat source means (2) caused
due to drop in pressure of the cold heat source means (2);

while gas refrigerant is concurrently supplied from the
hot heat source means (1) to the heat-radiative user-side
means {3) for condensation and the 1liquid refrigerant
condensed in the heat-radiative user-side means (3) is
transferred to the cold heat source means (2) by pressure
difference between the heat-radiative user-side means (3) and
the cold heat source means (2) having a condensation
temperature lower than that of the heat-radiative user-side
means (3).

17. Aheat transfer device according to claim 16, wherein

the cold heat source means (2) is placed at a position
higher than the hot heat source means (1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(%) to execute an operation of recovering refrigerant when

ligquid refrigerant in the hot heat source means (1) becomes
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short of a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the cold heat source means (2)
to equalize pressures of the hot heat source means (1) and
the cold heat source means (2) so that a flow of liquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering liquid
refrigerant in the cold heat source means (2) to the hot heat
source means (1).

18. A heat transfer device according to claim 1, wherein

a plurality of the user-side means {(3a-3d) are provided
and each of the user-side means (3a-3d) is connected to the
gas flow pipe (4) and the liquid flow pipe (5) through the
gas pipe (6) and the liquid pipe (7) respectively in a manner
capable of individual selection between an operation of
radiating heat and an operation of absorbing heat,

the cold heat source means (2) is placed at a position
higher than the hot heat source means (1)},

the control means (C) is configured to control the gas
flow selecting means {(8) and the liquid flow selecting means
{9) to execute:

{a} an operation of mainly radiating heat in which the
heat balance among all the user-side means (3a-3d} is in a
heat radiative condition, in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the heat-radiative user-side means (3) for
condensation and the liquid refrigerant condensed in the

heat-radiative user-side means (3) is transferred to the cold
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heat source means (2) by pressure difference between the cold
heat source means (2) which condenses the gas refrigerant at
a temperature lower than that of the heat-radiative user-
side means (3) and the heat-radiative user-side means (3) and
to the heat-absorptive user-side means (3) by pressure
difference between the heat-absorptive user-side means (3)
and the heat-radiative user-side means (3),

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas
refrigerant evaporated in the heat-absorptive user-side
means (3) is transferred to the cold heat source means (2)
by pressure difference between the cold heat source means (2)
and the heat-absorptive user-side means (3) caused due to
refrigerant condensation in the cold heat source means {(2);

(b) an operation of mainly absorbing heat in which the
heat balance among all the user-side means {(3a-3d) is in a
heat absorptive condition, in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the cold heat source means (2) to push out liquid
refrigerant in the cold heat source means (2} to the
heat-absorptive user-side means (3), the liquid refrigerant
is evaporated in the heat-absorptive user-side means (3) while
the gas refrigerant is condensed in the cold heat source means
(2), and the gas refrigerant evaporated in the heat-absorptive
user-side means (3) is transferred to the cold heat source
means (2) by pressure difference between the heat-absorptive
user-side means (3) and the cold heat source means (2) caused

due to drop in pressure of the cold heat source means (2),
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while gas refrigerant is concurrently supplied £xrom the
hot heat source means (1) to the heat-radiative user-side
means (3) for condensation and the liguid refrigerant
condensed in the heat-radiative user-side means (3) is
transferred to the cold heat source means (2) by pressure
difference between the heat-radiative user-side means (3} and
the cold heat source means (2) having a condensation
temperature lower than that of the heat-radiative user-side
means (3); and

{c) an operation of recovering refrigerant when liquid
refrigerant in the cold heat source means (2) exceeds a
specified amount of storage and when ligquid refrigerant in
the hot heat source means (1) becomes short of a specified
amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means {1) to the cold heat source means (2)
to egualize pressures of the hot heat source means (1) and
the cold heat source means (2) so that a flow of liquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering liquid
refrigerant in the cold heat source means (2) to the hot heat
source means {1).

19. A heat transfer device according to claim 18, wherein

the gas flow selecting means (8) includes: a first
shut-off valve (EV1l) provided between the cold heat source
means {2) and a connection point of the gas £flow pipe (4) with
the gas pipe (6); second shut-off valves (EVZ-1 to EV2Z-4)

provided in the gas pipes (6a-64) and corresponding to the
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user-side means (3a-3d), respectively; a plurality of
connecting pipes (10a-10d) each connected at one end thereof
between the first shut-off valve (EV1) and the cold heat source
means (2) and at the other end between the corresponding second
shut-off valve (EV2-1 to EV2-4) and the corresponding
user-side means (3a-3d); third shut-off valves (EV3-1 to
EV3-4) provided in the connecting pipes (10a-10d) and
corresponding to the user-side means (3a-3d), respectively;
and a check valve (CVG) which is provided in the connecting
pipe (10a-10d) and allows only a flow toward the cold heat
source means {(2), and

the control means (C) is configured to allow:

the first shut-off valve (EV1) to be closed during the
operation of mainly radiating heat and at the transfer of gas
refrigerant from the user-side means (3) to the cold heat
source means (2) during the operation of mainly absorbing heat
but to be open at the time of pushing out liguid refrigerant
from the cold heat source means (2) to the heat-absorptive
user-side means (3) during the operation of mainly absorbing
heat and during the operation of recovering liquid refrigerant
in the cold heat source means (2);:

each of the second shut-off valves (EV2-1 to EV2-4) to
be open only during the operation of radiating heat of the
corresponding user-side means (3a-3d); and

each of the third shut-off valves {EV3-1 to EV3-4) to
be open only during the operation of absorbing heat of the
corresponding user-side means (3a-3d).

20. A heat transfer device according to claim 18, wherein
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the liquid flow selecting means (9) includes: a first
shut-off valve (EV4) provided at a recovery flow side part
of the liquid flow pipe (5) between the hot heat source means
(1) and a connection point with the liquid pipe (7); a check
valve (CVL) which is provided at a recovery flow side part
of the liquid flow pipe (5) and allows only a flow toward the
hot heat source means (1); and second shut-off valves (EV5-1
to EV5-4) provided in the 1liquid pipes (7a-7d) and
corresponding to the user-side means (3a-3d), respectively,
and

the control means (C) is configured to allow:

the shut-off valve (EV4) to be open during the operation
of recovering liquid refrigerant in the cold heat source means
(2) but to be closed during the operation of mainly absorbing
heat; and

each of the second shut-off valves (EV5-1 to EV5-4) to
be open during the operation of radiating heat and the
operation of absorbing heat of the corresponding user-side
means (3a-3d) but to be closed during the operation of
recovering liquid refrigerant in the cold heat source means
(2).

21. A heat transfer device according to any one of claims
1 to 20, wherein

liquid receive means (22) for storing liquid refrigerant
is provided in parallel with the cold heat source means (2),
and

the liquid receive means {(22) is connected at one end

thereof between the cold heat source means (2) and a connection
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point of the gas flow pipe {4) with the gas pipe (6) through
a branch pipe {23) and connected at the other end between the
cold heat source means (2} and a connection point of the liquid
flow pipe (5) with the liquid pipe (7) through a branch pipe
(23).

22. A heat transfer device according to claim 21, wherein

a shut-off wvalve (EV1l) <for changing a flow of
refrigerant toward the cold heat source means (2) is provided
between the cold heat source means {(2) and a connection point
of the gas flow pipe (4) with the branch pipe (23).

23. A heat transfer device according to claim 1, wherein

a plurality of the cold heat source means (2a, 2b) are
provided, are connected to the hot heat source means (1)
through the gas f£flow pipes (4a, 4b) and the liquid flow pipes
{5a, 5b) respectively to each form a closed circulit with the
hot heat source means (1), and are each configured to
switchably serve as operating cold heat source means for
executing the operation of radiating heat in a state that gas
refrigerant is stored therein and as stopping cold heat source
means for stopping the operation of radiating heat in a state
that ligquid refrigerant is stored therein,

the gas flow selecting means (8) is configured to change
gas refrigerant flow between each of the gas flow pipes (4a,
4b) and the gas pipe (6), and

the liguid flow selecting means (9) is configured to
change liquid refrigerant flow between each of the liquid flow
pipes (5a, 5b) and the liquid pipe (7).

24. A heat transfer device according to claim 23, wherein
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each of the cold heat source means (2a, 2b) is placed
at a position higher than that of the hot heat source means
(1},

the user-side means (3) is connected to the gas flow pipes
(4a, 4b) and the liquid flow pipes (5a, 5b) through the gas
pipe (6) and the liquid pipe (7) respectively, and

the control means (C) is configured to control at least
the gas flow selecting means (8) to execute an operation of
radiating heat of the user-side means (3) in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the stopping cold heat source means (2a) and the
user-side means (3) so that the gas refrigerant is condensed
in the user-side means (3) and the 1liquid refrigerant
condensed in the user-side means (3) is transferred to the
operating cold heat source means (2b) by pressure difference
between the operating cold heat source means (2b) which
condenses the gas refrigerant at a temperature lower than that
of the user-side means (3) and the user-side means {(3);

when 1liguid refrigerant in the operating cold heat
source means {2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) into the stopping cold heat source means (2b) to execute
an operation of recovering refrigerant and changes the
remaining stopping cold heat source means (2a) into the
operating cold heat source means (2a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means {2a)

is stopped, gas refrigerant is supplied from the hot heat
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source neans (1) to the user-side means (3} and is condensed
in the user-side means {3) thereby allowing the operation of
radiating heat to be continued, and gas refrigerant is
supplied from the hot heat source means (1)} to the stopping
cold heat .source means (2b) to equalize pressures of the hot
heat source means (1) and the stopping cold heat source means
{2b) thereby producing a flow of liquid refrigerant from the
stopping cold heat source means (2b} to the hot heat source
means {1} to recover the liquid refrigerant in the stopping
cold heat source means {(2b) to the hot heat source means (1);
and

the control means (C} alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of radiating
heat.

25. A heat transfer device according to claim 24, wherein

the gas flow selecting means (8) includes shut-off
valves (EV1-1, EV1-2) which are provided between the cold heat
source means (2a, 2b) and connection points of the gas flow
pipes (4a, 4b) with the gas pipe (6) and correspond to the
cold heat source means (2a, 2b), respectively, and

the control means (C) is configured to close each of the
shut-off wvalves (EV1-1, EV1-2) at the transfer of gas
refrigerant from the user-side means (3) to the ccld heat
source means {2a, 2b) corresponding to the shut-off wvalve
(EV1-1, EVi-2) and open it during the operation of recovering

liquid refrigerant in the cold heat source means (2a, 2b)
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corresponding to the shut-off valve (EV1-1, EV1-2).

26. A heat transfer device according to ¢claim 24, wherein

the liguid flow selecting means (9) includes: first
check valves (CV1-1, CV1-2} which are provided between the
hot heat source means (1} and connection points of the ligquid
flow pipes (5a, 5b) with the liquid pipes (7a, 7b) and allow
only flows toward the hot heat source means (1), respectively;
and second check valves {CV2-1, CV2-2) which are provided in
the liguid pipes {(7a, 7b) and allows only flows toward the
cold heat source means (2), respectively.

27. A heat transfer device according to claim 23, wherein

the user-means (3) is connected to the gas flow pipes
{4a, 4b) and the liquid flow pipes (5a, 5b) through the gas
pipe (6) and the liquid pipe (7) respectively, and

the control means (C) is configured to control the gas
flow selecting means (8) and the ligquid flow selecting means
{9) to execute an operation of absorbing heat of the user-side
means {(3) in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the stopping cold heat source means {(2a) to push
out liquid refrigerant in the stopping cold heat source means
(2a) to the user-side means (3}, the liquid refrigerant is
evaporated in the user-side means (3) while the gas
refrigerant is condensed in the operating cold heat source
means (2b), and the gas refrigerant evaporated in the
user-side means (3) is transferred to the operating cold heat
source means (2b) by pressure difference between the user-side

means (3) and the operating cold heat source means (2b) caused
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due to drop in pressure of the operating cold heat source means
(2b);

when liquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) and the remaining stopping cold heat source means (2a)
into the stopping cold heat source means {2b) and the operating
cold heat source means (2a) respectively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means (2a)
is stopped while gas refrigerant is supplied from the hot heat
source means (1) to the stopping cold heat source means (2b)
to push out the liquid refrigerant in the stopping cold heat
source means (2b) to the user-side means (3) thereby allowing
the operation of absorbing heat to be continued: and

the control means (C) alternately changes each of the
cold heat source means {(2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of absorbing
heat.

28. A heat transfer device according to claim 27, wherein

the cold heat source means {2a, 2b) are each placed at
a position higher than that of the hot heat source means (1),
and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(2) to execute an operation of recovering refrigerant when

ligquid refrigerant in the hot heat source means (1) becomes
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short of a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the operating cold heat socurce
means {2) to egqualize pressures of the hot heat source means
(1) and the cold heat source means (2} so that a flow of liquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering the
liguid refrigerant in the cold heat source means (2) to the
hot heat source means {(1).

29. A heat transfer device according to claim 28, wherein

the gas flow selecting means (8) includes: shut-off
valves (EV1-1, EV1-2) provided between the hot heat source
means {1) and connection points of the gas flow pipes (4a,
4b) with the gas pipes (6e, 6f) and corresponding to the cold
heat source means {(2a, 2b)}, respectively; and check valves
{CVGl, CVG2) which are provided in the gas pipes {(6e, 6f) and
allow only flows toward the cold heat source means (2a, 2b},
respectively, and

the control means (C) is configured to open each of the
shut-off valves (EV1-1, EV1-2) at the time of pushing out
liquid refrigerant from the cold heat source means {2a, 2b)
corresponding to the shut-off valve (EVi-1, EV1-2) to the
user-side means (3) and during the operation of recovering
the liquid refrigerant in the cold heat source means (2a, 2b)
corregponding to the shut-off valve (EV1-1, EV1-2) and close
it at the transfer of gas refrigerant £from the user-side means
{3) to the cold heat source means (2a, 2b) corresponding to

the shut-off valve (EV1-1, EV1-2).
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30. A heat transfer device according to claim 28, wherein

the liquid flow selecting means (9) includes: a shut-off
valve (EV4) provided at a recovery £low side part of the liquid
flow pipes (5a, 5b) between the hot heat source means (1)} and
connection points with the liguid pipes (7e, 7f£); first check
valves (CV1l-1, CV1-2) which are provided at recovery flow side
parts of the liquid flow pipes (5a, 5b) and allow conly flows
toward the hot heat source means {1), respectively; and second
check valves {CV3-1, CV3-2) which are provided in the ligquid
pipes (7e, 7f) and allow only flows toward the cold heat source
means (2), respectively, and

the control means (C) is configured to close the shut-off
valve (EV4) during the operation of absorbing heat of the
user-side means (3) and open it during the operation of
recovering liguid refrigerant in the cold heat source means
(2).

31. Aheat transfer device according to claim 23, wherein

each of the cold heat source means {(2a, 2b) is placed
at a position higher than that of the hot heat source means
(1),

the user-side means {3) is connected to the gas flow pipes
(4a, 4b) and the liquid flow pipes (5a, 5b) through the gas
pipe (6) and the liquid pipe (7) respectively, and

the control means (C) is configured to control the gas
flow selecting means (8) and the liguid flow selecting means
(9) to selectively execute:

(a) an operation of radiating heat of the user-side means

(3) in a manner that

183



10

15

20

25

BRI RE

gas refrigerant is supplied from the hot heat source
means (1) to the stopping cold heat source means (2a) and the
user-side means (3) so that the gas refrigerant is condensed
in the user-side means (3) and the 1liquid refrigerant
condensed in the user-side means (3) is transferred to the
operating cold heat source means (2b} by pressure difference
between the operating cold heat source means (2b) which
condenses the gas refrigerant at a temperature lower than that
of the user-side means (3} and the user-side means (3},

when ligquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) into the stopping cold heat source means (2b) to execute
an operation of recovering refrigerant and changes the
remaining stopping cold heat source means (2a) into the
operating cold heat source means {2a),

whereby the supply of gas refrigerant £rom the hot heat
source means {1) to the operating cold heat source means {2a)
is stopped, gas refrigerant is supplied from the hot heat
source means (1) to the user-side means (3) and is condensed
in the user-side means (3) thereby allowing the operation of
radiating heat of the user-side means (3) to be continued,
and gas refrigerant is supplied from the hot heat source means
{1) to the stopping cold heat source means (2b) to equalize
pressures of the hot heat source means (1) and the stopping
cold heat source means (2b) thereby producing a £low of liquid
refrigerant from the stopping cold heat source means {(2b} to

the hot heat sourcemeans (1) to recover the liquid refrigerant
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in the stopping cold heat source means (2b) to the hot heat
source means (1)}, and

the control means (C) alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of radiating
heat; and

(b) an operation of absorbing heat of the user-side means
(3) in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the stopping cold heat source means (2a) to push
out liquid refrigerant in the stopping cold heat source means
(2a}) to the user-side means (3), the liquid refrigerant is
evaporated in the user-side means (3) while the gas
refrigerant is condensed in the operating cold heat source
means (2b), and the gas refrigerant evaporated in the
user-side means (3) is transferred to the operating cold heat
source means (2b) by pressure difference between the user-side
means (3) and the operating cold heat source means {2b) caused
due to drop in pressure of the operating cold heat source means
(2b),

when liquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) and the remaining stopping cold heat source means (2a)
into the stopping cold heat source means (2b) and the operating
cold heat source means (2a) respectively,

whereby the supply of gas refrigerant from the hot heat
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source means {1) to the operating cold heat source means (2a)
is stopped while gas refrigerant is supplied from the hot heat
source means (1) to the stopping cold heat source means (2b)
te push out the liquid refrigerant in the stopping cold heat
source means {2b) to the user-side means (3) thereby allowing
the operation of absorbing heat of the user-side means (3)
to be continued, and

the control means (C) alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cocld heat source means
thereby successively executing the operation of radiating
heat.

32. Aheat transfer device according to ¢laim 31, wherein

the contrcl means (C) is configured to control the gas
flow selecting means (8) and the liguid flow selecting means
{(9) to execute an operation of recovering refrigerant when
liquid refrigerant in the hot heat source means (1) becomes
short of a specified amount of storage during the operation
of absorbing heat of the user-side means (3},

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the operating cold heat source
means {(2) to equalize pressures of the hot heat source means
{1) and the cold heat source means (2) so that a £flow of liquid
refrigerant from the cold heat source means (2) to the hot
heat source means (1) is produced thereby recovering ligquid
refrigerant in the cold heat source means (2) to the hot heat
source means (1).

33. Aheat transfer device according to claim 32, wherein
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the gas flow selecting means (8) includes: first
shut-off valves (EV1-1, EV1-2) which are provided between the
cold heat source means (2) and connection points of the gas
flow pipes (4a, 4b) with the gas pipe (6) and correspond to
the cold heat source means {(2a, 2b), respectively:; a second
shut-off valve (EV2) provided in the gas pipe (6);: a connecting
pipe (20) connected at one end thereof between the first
shut-off valves (EV1-1, EV1-2) and the cold heat source means
(2a, 2b) and at the other end between the second shut-off valve
(EV2) and the user-sidemeans {(3); a third shut-off valve (EV3)
provided in the connecting pipe (20);: and check valves (CVGL,
CVG2) which are provided in the connecting pipe (20) and alliow
only flows toward the cold heat source means (2a, 2b},
respectively, and

the control means (C} is configured to allow:

each of the first shut-off valves {(EV1-1, EV1-2)}) to be
closed at the transfer of 1liquid refrigerant from the
user-side means {3) to the cold heat source means (2a, 2b)
corresponding to the first shut-off wvalve (EV1-1, EV1-2)
during the operation of radiating heat and at the transfer
of gas refrigerant from the user-side means (3) to the cold
heat source means {2a, 2b) corresponding to the first shut-off
valve (EV1-1, EV1-2) during the operation of absorbing heat
but to be open at the supply of gas refrigerant £rom the hot
heat source means (1) to the cold heat source means {2a, 2b)
corresponding to the first shut-off wvalve (EVi-1, EV1-2)
during the operation of absorbing heat: the second shut-off

valve {(EV2) to be open only during the operation of radiating
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heat of the user-side means (3):; and the third shut-off valve
(EV3) to be open only during the operation of absorbing heat
of the user-side means (3).

34. Aheat transfer device according to claim 32, wherein

the liquid flow selecting means (9) includes: a first
shut-off valve (EV4) provided at a recovery flow side part
of the liquid flow pipes (5a, 5b) between the hot heat source
means (1) and connection points with the ligquid pipes (7e,
7f); check valves (CV1i-1, CV1-2) which are provided at
recovery flow side parts of the liquid flow pipes (5a, 5b)
and allow only flows toward the hot heat source means {1),
respectively: and second shut-off valves (EV6-1, EV6-2) which
are provided in the liquid pipes (7e, 7f) and correspond to
the cold heat source means (2a, 2b), respectively, and

the control means (C) is configured to allow:

the shut-off valve (EV4) to be open during the operation
of recovering liquid refrigerant in the cold heat source means
(2a, 2b) but to be closed during the operation of absorbing
heat of the user-side means (3):; each of the second shut-
off valves (EV6-1, EV6-2) to be open at the transfer of ligquid
refrigerant from the user-side means (3) to the cold heat
source means (2a, 2b) corresponding to the second shut-off
valve (EV6-1, EV6-2) during the operation of radiating heat
and at the time of pushing out liquid refrigerant from the
cold heat source means {(2a, 2b) corresponding to the second
shut-off valve (EV6-1, EV6-2) to the user-side means (3}
during the operation of absorbing heat; and each of the second

shut-off valves (EV6-1, EV6-2) to be closed at the supply of
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gas refrigerant from the hot heat source means (1) to the cold
heat source means (2a, 2b) corresponding to the second
shut-off wvalve (EV6-1, EV6-2) during the operation of
radiating heat and at the transfer of gas refrigerant from
the user-side means (3) to the cold heat scurce means (2a,
2b) corresponding to the second shut-off valve (EV6-1, EV6-2)
during the operation of absorbing heat.

35. A heat transfer device according to claim 23, wherein

a plurality of the user-side means (3a-3d) are provided
and each of the user-side means (3a-3d) is connected to the
gas flow pipes (4a, 4b) and the liguid flow pipes (5a, 5b)
through the gas pipe (6} and the 1liquid pipes (7e, 7f)
respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat,

each of the cold heat source means {(2a, 2b) is placed
at a position higher than that of the hot heat source means
{1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liguid flow selecting means
(9) to execute an operation of mainly radiating heat in which
the heat balance among all the user-side means (3a-3d) is in
a heat radiative condition, in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the stopping cold heat source means (2a) and the
heat-radiative user-side means (3) so that the gas refrigerant
is condensed in the user-side means (3) and the 1liquid

refrigerant condensed in the heat-radiative user-side means
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(3) is transferred to the operating cold heat source means
(2b) by pressure difference between the operating cold heat
source means (2b) which condenses the gas refrigerant at a
temperature lower than that of the heat-radiative user-side
means (3) and the heat-radiative user-side means (3) and
transferred to the heat-absorptive user-side means (3) by
pressure difference between the heat-absorptive user-side
means (3) and the heat-radiative user-side means (3);

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas
refrigerant evaporated in the heat-absorptive user-side
means (3) is transferred to the operating cold heat source
means (2b) by pressure difference between the operating cold
heatsourcemeans(2b)andtheheat-absorptiveuser—sidemeans
(3) caused due to refrigerant condensation in the operating
cold heat source means (2b);

when 1liguid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) into the stopping cold heat source means (2b) to execute
an operation of recovering refrigerant and changes the
remaining stopping cold heat source means (2a) into the
operating cold heat source means (2a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means (2a)
is stopped, gas refrigerant is supplied from the hot heat
source means {1) to the heat-radiative user-side means (3)

and is condensed in the heat-radiative user-side means {3)
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thereby allowing the operation of mainly radiating heat to
be continued, and gas refrigerant is supplied from the hot
heat source means (1) to the stopping cold heat source means
(2b) to equalize pressures of the hot heat source means (1)
and the stopping cold heat source means {2b) thereby producing
a flowof liquid refrigerant £from the stopping cold heat source
means (2b) to the hot heat source means {1) to recover the
ligquid refrigerant in the stopping cold heat source means (2b)
to the hot heat source means (1); and

the control means (C) alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of mainly
radiating heat.

36. A heat transfer device according to claim 23, wherein

a plurality of the user-side means {(3a-3d) are provided
and each of the user-side means (3a-3d) is connected to the
gas flow pipes (4a, 4b) and the liguid flow pipes (5a, 5b}
through the gas pipe (6) and the liquid pipes (7e, 7f)
respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat, and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of mainly absorbing heat in which
the heat balance among all the user~-side means (3a-3d4) is in
a heat absorptive condition, in a manner that:

gas refrigerant is supplied from the hot heat source
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means (1) to the heat-radiative user-side means {3) and is
condensed in the user-side means (3) and the liquid
refrigerant condensed in the heat-radiative user-side means
(3) is transferred to the heat-absorptive user-side means (3)
by pressure difference between the heat-radiative user-side
means (3) and the heat-absorptive user-side means {3) while
gas refrigerant is supplied from the hot heat source means
(1) to the stopping cold heat source means (2a) to push out
liquid refrigerant in the stopping cold heat source means {2a)
to the heat-absorptive user-side means (3);

the 1liquid refrigerant is evaporated in the heat-
absorptive user-side means (3) while gas refrigerant is
condensed in the operating cold heat source means {2b), and
the gas refrigerant evaporated in the heat-absorptive
user-side means (3) is transferred to the operating cold heat
source means (2b) by pressure difference between the
heat-absorptive user-side means (3) and the operating cold
heat source means (2b) caused due to drop in pressure of the
operating cold heat source means {(2b):

when liquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means {C) changes the operating cold heat source means
(2b) and the remaining stopping cold heat source means {2a)
intothestoppingcoldheatsourcemeans(2b)andtheoperating
cold heat source means (2a) respectively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means (2a)

is stopped while gas refrigerant is supplied from the hot heat
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source means (1) to the stopping cold heat source means (2b)
and the heat-radiative user-side means (3) so that the liguid
refrigerant in the stopping cold heat source means (2b) is
pushed out to the heat-absorptive user-side means (3) thereby
allowing the operation of mainly absorbing heat to be
continued; and

the control means (C} alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of mainly
absorbing heat.

37. Aheat transfer device according to claim 36, wherein

each of the cold heat source means (2a, 2b) is placed
at a position higher than that of the hot heat source means
(1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
{9) to execute an operation of recovering refrigerant when
liquid refrigerant in the hot heat source means (1) becomes
short of a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the operating c¢cold heat source
means {(2a, 2b) to egualize pressures of the hot heat source
means (1) and each of the cold heat source means (2a, 2b) so
that a flow of liquid refrigerant from the cold heat source
means {2a, 2b) to the hot heat source means (1) is produced
thereby recovering ligquid refrigerant in the cold heat source

means {(2a, 2b) to the hot heat source means (1).
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38. A heat transfer device according to claim 23, wherein

a plurality of the user-side means (3a-3d) are provided
and each of the user-side means (3a-3d) is connected to the
gas flow pipes (4a, 4b) and the liguid flow pipes (5a, 5b)
through the gas pipe (6) and the liquid pipes (7e, 7f)
respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat,

each of the cold heat source means (2a, 2b) is placed
at a position higher than that of the hot heat source means
(1}, and

the control means (C) is configured to control the gas
flow selecting means (8) and the ligquid flow selecting means
(9) to execute:

(a) an operation of mainly radiating heat in which the
heat balance among all the user-side means (3a-34) is in a
heat radiative condition, in a manner that

gas refrigerant is supplied from the hot heat scurce
means (1) to the stopping cold heat source means (2a) and the
heat-radiative user-side means (3) so that the gas refrigerant
is condensed in the user-side means (3) and the liquid
refrigerant condensed in the heat-radiative user-side means
{3) is transferred to the operating cold heat source means
{2b) by pressure difference between the operating cold heat
source means (2b) which condenses the gas refrigerant at a
temperature lower than that of the heat-radiative user-side
means (3) and the heat-radiative user-side means (3} and

transferred to the heat-absorptive user-side means (3) by
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pressure difference between the heat-absorptive user-side
means (3) and the heat-radiative user-side means (3), and

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas
refrigerant evaporated in the heat-absorptive user-side
means (3) is transferred to the operating cold heat source
means (2b) by pressure difference between the operating cold
heat source means (2b) and the heat-absorptive user-side means
{3) caused due to refrigerant condensation in the operating
cold heat source means (2b),

when liquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
{2b) into the stopping cold heat source means (2b) to execute
an operation of recovering refrigerant and changes the
remaining stopping cold heat source means (2a) into the
operating cold heat source means {(2a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means (2a)
is stopped, gas refrigerant is supplied from the hot heat
source means (1) to the heat-radiative user-side means (3)
and is condensed in the heat-radiative user-side means (3)
thereby allowing the operation of mainly radiating heat to
be continued, and gas refrigerant is supplied from the hot
heat source means (1) to the stopping cold heat source means
{2b) to equalize pressures of the hot heat source means (1)
and the stopping cold heat source means (2b) thereby producing

a flow of liquid refrigerant from the stopping cold heat source
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means {(2b) to the hot heat source means (1) to recover the
liguid refrigerant in the stopping cold heat source means (2b)
to the hot heat source means (1), and

the control means (C) alternately changes each of the
celd heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of mainly
radiating heat; and

{b)} an operation of mainly absorbing heat in which the
heat balance among all the user-side means (3a-3d) is in a
heat absorptive condition, in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the heat-radiative user-side means {3) and is
condensed 1in the user-side means (3) and the liguid
refrigerant condensed in the heat-radiative user-side means
(3) is transferred to the heat-absorptive user-side means {(3)
by pressure difference between the heat-radiative user-side
means (3) and the heat-absorptive user-side means (3) while
gas refrigerant is supplied from the hot heat source means
{1) to the stopping cold heat source means (2a) to push out
liguid refrigerant in the stopping cold heat source means (2a)
is pushed out to the heat-absorptive user-side means (3},

the liguid refrigerant is evaporated in the heat-
absorptive user-side means (3) while gas refrigerant is
condensed in the operating cold heat source means {(2b), and
the gas refrigerant evaporated 1in the heat-absorptive
user-side means (3) is transferred to the operating cold heat

source means (2b) by pressure difference between the
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heat-absorptive user-side means (3) and the operating cold
heat source means (2b) caused due to drop in pressure of the
operating cold heat source means (2b},

when liquid refrigerant in the operating cold heat
source means (2b) exceeds a specified amount of storage, the
control means (C) changes the operating cold heat source means
(2b) and the remaining stopping cold heat source means (2a)
into the stopping cold heat source means (2b)} into the
coperating cold heat source means (2a) respeétively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the operating cold heat source means (2a)
is stopped while gas refrigerant is supplied from the hot heat
source means (1) to the stopping cold heat source means {2b)
and the heat-radiative user-side means (3) so that the liquid
refrigerant in the stopping cold heat source means (2b) is
pushed out to the heat-absorptive user-side means (3) thereby
allowing the operation of mainly absorbing heat to be
continued, and

the control means (C) alternately changes each of the
cold heat source means (2a, 2b) between the operating cold
heat source means and the stopping cold heat source means
thereby successively executing the operation of mainly
absorbing heat.

39. A heat transfer device according to claim 38, wherein

the gas flow selecting means (8} includes: first
shut-off valves (EV1-1, EV1-2) which are provided between the
cold heat source means {2a, 2b) and connection points of the

gas flow pipes (4a, 4b) with the gas pipe (6) and correspond
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to the cold heat source means (2a, 2b), respectively; second
shut-off valves (EV2-1 to EV2-4) provided in the gas pipes
(6a-6d) and corresponding to the user-side means (3a-3d),
respectively; a plurality of connecting pipes (20) which are
connected at one side thereof between the first shut-off
valves (EV1-1, EV1-2) and the cold heat source means (2a, 2b)
respectively and connected at the other side between the
second shut-off valves (EV2-1 to EV2-4) and the user-side
means (3a-3d) respectively; third shut-off valves (EV3-1 to
EV3-4) provided in the connecting pipes (20) and corresponding
to the user-side means (3a-34), respectively; and check valves
(CVGl, CVG2) which are provided in the connecting pipes (20)
and allow only flows toward the cold heat source means {(2a,
2b}), respectively, and

the control means (C)} is configured to allow:

each of the first shut-off valves (EV1-1, EV1-2) to be
closed at the transfer of liquid refrigerant from the
heat-radiative user-side means (3) to the cold heat source
means (2a, 2b) corresponding to the first shut-off valve
(EV1i-1, EV1-2) during the operation of mainly radiating heat
and at the transfer of gas refrigerant from the heat-
absorptive user-side means (3) to the cold heat source means
(2a, 2b) corresponding to the first shut-off valve (EV1-1,
EV1-2) during the operation of mainly absorbing heat, but to
be open at the supply of gas refrigerant from the hot heat
source means (1) to the cold heat source means (2a, 2b)
corresponding to the first shut-off valve (EV1-1, EV1-2);

each of the second shut-off valves (EV2-1 to EV2-4) to
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be open only during the operation of radiating heat of the
user-side means (3) corresponding to the second shut-off valve
(EV2-1 to EV2-4); and

each of the third shut-off valves (EV3-1 to EV3-4) to
be open only during the operation of absorbing heat of the
user-side means (3) corresponding to the third shut-off valve
(EV3-1 to EV3-4).

40. A heat transfer device according to claim 38, wherein

the liquid flow selecting means (9) includes: a first
shut-off valve (EV4) provided at a recovery flow side part
of the liquid flow pipes (5a, 5b) between the hot heat source
means (1) and connection points with the liquid pipes (7e,
7£): check wvalves (CV1l-1, CV1-2) which are provided at
recovery flow side parts of the liquid flow pipes (5a, 5b)
and allow only flows toward the hot heat source means (1),
respectively; and second shut-off wvalves (EV6-1, EV6-2)
provided in the liquid pipes (7e, 7f) and corresponding to
the cold heat source means (2a, 2b), respectively, and

the control means (C)} is configured to allow:

the shut-coff valve (EV4) to be open only during the
operation of recovering liquid refrigerant in the cold heat
source means (2a, 2b);

each of the second shut-off valves (EV6~1, EV6-2) to be
open at the transfer of refrigerant from the heat-radiative
user-side means (3) to the cold heat source means (2a, 2b)
corresponding to the second shut-off valve (EV6-1, EV6-2)
during the operation of mainly radiating heat and at the time

of pushing out ligquid refrigerant from the cold heat source
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means (2a, 2b) corresponding to the second shut-off wvalve
(EV6-1, EV6-2) to the heat-absorptive user-side means (3);
and

and each of the second shut-off valves (EV6-1, EV6-2)
to be closed at the supply of gas refrigerant from the hot
heat source means (1) to the cold heat source means {2a, 2b)
corresponding to the second shut-off valve (EV6-1, EV6-2)
during the operation of mainly radiating heat and at the
transfer of gas refrigerant from the heat-absorptive
user-side means (3) to the cold heat source means {(2a, 2b)
corresponding to the second shut-off wvalve (EV6-1, EV6-2)
during the operatiocn of mainly absorbing heat.

41 . A heat transfer device according to claim 1, wherein

a plurality of liguid receive means {(25a, 25b) for
storing liquid refrigerant are provided, are connected to the
gas flow pipes (4a, 4b) and the liquid flow pipes (5a, 5b)
through gas pipes (26a, 26b) and liquid pipes (27a, 27b)
respectively and are each configured to switchably serve as
charging liguid receive means for storing liquid refrigerant
from a state that the storage amount of gas refrigerant is
large and as discharging liguid receive means for discharging
liguid refrigerant in a state that the storage amount of liquid
refrigerant is large,

the gas flow selecting means (8) is configured to change
gas refrigerant flow between each of the gas flow pipes (4a,
4b) and the corresponding gas pipe (26a, 26b), and

the ligquid flow selecting means (9) is configured to

change liquid refrigerant £low between each of the liquid flow
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pipes (5a, 5b) and the corresponding liquid pipe (27a, 27b).

42. A heat transfer device according to claim 41, wherein

each of the liquid receive means (25a, 25b) is placed
at a position higher than that of the hot heat source means
(1), and

the control means (C) is configured to control at least
the gas flow selecting means (8) to execute an operation of
radiating heat of the user-side means (3) in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the discharging liquid receive means (25a) and
the user-side means (3) so that the gas refrigerant is
condensed in the user-side means (3} and the liquid
refrigerant condensed in the user-side means (3) is
transferred to the charging liquid receive means (25b) by
pressure difference between the cold heat source means (2)
which condenses the gas refrigerant at a temperature lower
than that of the user-side means (3) and the user-side means
(3):

when liquid refrigerant in the charging liquid receive
means {25b) exceeds a specified amount of storage, the control
means (C) changes the charging liguid receive means (25b) into
the discharging liquid receive means (25b) to execute an
operation of recovering refrigerant and changes the remaining
discharging liquid receive means (25a) into the charging
ligquid receive means (25a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liquid receive means (25a)

is stopped, gas refrigerant is supplied from the hot heat
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source means {1} to the user-side means (3) and is condensed
in the user-side means (3) thereby allowing the operation of
radiating heat to be continued, and gas refrigerant is
supplied from the hot heat source means (1) to the discharging
liguid receive means {(25b) to equalize pressures of the hot
heat source means (1) and the discharging liquid receive means
{25b) thereby producing a f£flow of liquid refrigerant from the
discharging liquid receive means (25b) to the hot heat source
means (1) to recover the liquid refrigerant in the discharging
liguid receive means (25b) to the hot heat source means (1);
and

the control means (C) alternately changes each of the
liguid receive means {(25a, 25b) between the charging liquid
receive means and the discharging liguid receive means thereby
successively executing the operation of radiating heat.

43. A heat transfer device according to claim 42, wherein

the gas flow selecting means (8) includes: first
shut-off valves (EV7-1, EV7-2) which are provided between the
hot heat source means {1) and connection points of the gas
flow pipes (4a, 4b) with the gas pipes (26a, 26b) and
correspond to the liguid receive means (25a, 25b},
respectively:; and second shut-off valves (EV8-1, EV8-2) which
are provided between the cold heat source means (2) and
connection points of the gas f£low pipes {4a, 4b) with the gas
pipes (26a, 26b) and correspond to the liquid receive means
(25a, 25b), respectively, and

the control means (C) is configured to allow:

each of the first shut-off valves (EV7-1, EV7-2) to be
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closed at the transfer of liguid refrigerant from the
user-side means (3) to the liquid receive means {25a, 25b)
corresponding to the first shut~-off valve (EV7-1, EV7-2} but
to be open during the operation of recovering liguid
refrigerant in the liquid receive means (25a, 25b)
corresponding to the first shut-off valve (EV7-1, EV7-2); and
each of the second shut-off valves (EV8-1, EVE-Z) to be
closed at the supply of gas refrigerant from the hot heat
source means (1) to the liquid receive means {25a, 25b)
corresponding to the second shut-coff valve (EV8-1, EV8-2) but
to be open at the transfer of liguid refrigerant from the
user-side means (3) to the liguid receive means {(25a, 25b)
corresponding to the second shut-off valve (EV8-1, EV8-2).
44 . A heat transfer device according to claim 42, wherein
the liquid flow selecting means (92) includes: first
check valves (CV1i-1, CV1-2) which are provided between the
hot heat source means (1) and connection points of the liquid
flow pipes (5a, 5b) with the liquid pipes (27a, 27b) and allow
only flows toward the hot heat source means (1), respectively:;
second check valves {(CV2-1, CV2-2) which are provided between
the cold heat source means (2) and connection points of the
ligquid flow pipes {(5a, 5b) with the liquid pipes (27a, 27b)
and allow only flows toward the liquid receive means (25a,
25b}, respectively; a third check wvalve (CV4) which is
provided in the liquid pipe (7) and allows only flows toward
the ligquid receilve means (25a, 25b}.
45, A heat transfer device according to claim 41, wherein

the control means (C) is configured to control the gas
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flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of absorbing heat of the user-side
means {(3) in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the discharging liquid receive means (25a) to
push out liquid refrigerant in the discharging liquid receive
means (25a) to the user-side means (3), the liquid refrigerant
is evaporated in the user-side means (3) while the gas
refrigerant is condensed in the cold heat source means {2),
and the gas refrigerant evaporated in the user-side means {3)
is transferred to the charging liquid receive means {25b)
communicated with the cold heat source means (2) by pressure
difference between the user-side means (3) and the cold heat
source means (2) caused due to drop in pressure of the cold
heat source means (2);

when liquid refrigerant in the charging liquid receive
means (25b) exceeds a specified amount of storage, the control
means {C) changes the charging liquid receive means (25b) and
the remaining discharging liquid receive means (25a) into the
discharging liquid receive means (25b) and the charging liquid
receive means (25a) respectively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liquid receive means (25a)
is stopped while gas refrigerant is supplied from the hot heat
source means (1) to the discharging liquid receive means (25b)
to push out the liquid refrigerant in the discharging liquid
receive means (25b) to the user-side means (3) thereby

allowing the operation of absorbing heat to be continued; and
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the control means (C) alternately changes each of the
liquid receive means (25a, 25b) between the charging liquid
receivemeansandthedischargingliquidreceivemeansthereby
successively executing the operation of absorbing heat.

46. A heat transfer device according to claim 45, wherein

each of the cold heat source means (2a, 2b) is placed
at a position higher than that of the hot heat source means
(1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of recovering refrigerant when
liquid refrigerant in the hot heat source means {1) becomes
short of a specified amount of storage,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the charging liquid receive means
(25a, 25b) to equalize pressures of the hot heat source means
(1) and the charging liquid receive means (25a, 25b) so that
a flow of liqguid refrigerant from the liquid receive means
(25a, 25b) to the hot heat source means (1) is produced thereby
recovering liquid refrigerant in the liquid receive means (25a,
25b)} to the hot heat source means (1).

47. A heat transfer device according to claim 46, wherein

the gas flow selecting means (8) includes: first
shut-off valves (EV7-1, EV7-2) which are provided between the
hot heat source means (1) and connection points of the gas
flow pipes (4a, 4b) with the gas pipes (26a, 26b) and
correspond to the 1liquid receive means (25a, 25b},

respectively; and second shut-off valves (EV8-1, EV8-2) which
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are provided between the cold heat source means (2) and the
connection points of the gas flow pipes (4a, 4b) with the gas
pipes (26a, 26b) and correspond to the liquid receive means
{(25a, 25b), respectively, and

the control means (C) is configured to allow:

each of the first shut-off valves (EV7-1, EV7-2) to be
closed at the supply of liquid refrigerant from the cold heat
source means (2) to the liguid receive means (25a, 25b)
corresponding to the first shut-off valve (EV7-1, EV7-2) but
to be open during the operation of recovering the ligquid
refrigerant in the liquid receive means (25a, 25b)
corresponding to the first shut-off valve (EV7-1, EV7-2): and

each of the second shut-off valves (EV8-1, EV8-2) to be
closed at the supply of gas refrigerant from the hot heat
source means (1) to the liquid receive means (25a, 25b)
corresponding to the second shut-off valve (EV8-1, EV8-2} but
to be open at the transfer of 1iquid refrigerant from the cold
heat source means (2) to the liquid receive means {(25a, 25b)
corresponding to the second shut-off valve (EV8-1, EV8-2).

48. A heat transfer device according to claim 46, wherein

the liquid flow selecting means (9) includes: a shut-off
valve (EV4) provided at a recovery flow side part of the liguid
flow pipes (5a, 5b) between the hot heat source means (1) and
connection points with the ligquid pipes (27a, 27b); first
check valves (CV1-1, CV1-2) which are provided at recovery
flow side parts of the liquid £low pipes (5a, 5b) respectively
and each allow only a flow toward the hot heat source means

(1) and the user-side means (3); and second check valves {CV2-1,
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CvV2-2) which are provided between the cold heat source means
(2) and the connection points of the liquid flow pipes (5a,
5b) with the liguid pipes (27a, 27b) and allow only flows
toward the liquid receive means (25a, 25b), respectively, and

the control means (C) is configured to open the shut-off
valve (EV4) during the operation of recovering liquid
refrigerant in the discharging liguid receive means (25a,
25b).

49. A heat transfer device according to claim4l, wherein

each of the ligquid receive means (25a, 25b) is placed
at a position higher than that of the hot heat source means
{1), and

the control means {C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(3) to selectively execﬁte:

{a) an operation of radiating heat of the user-side means
in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the discharging liquid receive means (25a) and
the user-side means (3) so that the gas refrigerant is
condensed in the user-side means (3) and the liguid
refrigerant condensed 1in the user-side means (3) 1is
transferred to the charging liguid receive means (25b) by
pressure difference between the cold heat source means (2)
which condenses the gas refrigerant at a temperature lower
than that of the user-side means (3) and the user-side means
(3).

when liquid refrigerant in the charging liquid receive
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means (25b) exceeds a specified amount of storage, the control
means (C) changes the charging liquid receive means (25b) into
the discharging liquid receive means (25b) to execute an
operation of recovering refrigerant and changes the remaining
discharging liquid receive means (25a) into the charging
liquid receive means (25a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liquid receive means (25a)
is stopped, gas refrigerant is supplied from the hot heat
source means (1) to the user-side means (3) and is condensed
in the user-side means (3) thereby allowing the operation of
radiating heat to be continued, and gas refrigerant is
supplied from the hot heat source means (1) to the discharging
liguid receive means (25b) to equalize pressures of the hot
heat source means (1) and the discharging liquid receive means
(25b) thereby producing a flow of liquid refrigerant from the
discharging liquid receive means (25b) to the hot heat source
means (1) to recover the liquid refrigerant in the discharging
liquid receive means (25b) to the hot heat source means (1),
and

the control means (C) alternately changes each of the
liguid receive means (25a, 25b) between the charging liquid
receive means and the discharging liquid receive means thereby
successively executing the operation of radiating heat;

(b) an operation of absorbing heat of the user-side means
{3) in a manner that

gas refrigerant is supplied from the hot heat source

means (1) to the discharging liquid receive means (25a) to
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push out liguid refrigerant in the discharging liquid receive
means {25a) to the user-side means {3), the liquid refrigerant
is evaporated in the user-side means {3} while the gas
refrigerant is condensed in the cold heat source means (2),
and the gas refrigerant evaporated in the user-side means (3}
is transferred to the charging liquid receive means (25b)
communicated with the cold heat source means (2} by pressure
difference between the user-side means (3) and the cold heat
source means (2) caused due to drop in pressure of the cold
heat source means (2},

when liquid refrigerant in the charging liquid receive
means {25b) exceeds a specified amount of storage, the control
means (C) changes the charging liquid receive means (25b) and
the remaining discharging liguid receive means (25a) into the
discharging liquid receive means {25b) and the charging liguid
receive means (25a) respectively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging ligquid receive means (25a)
is stopped while gas refrigerant is supplied from the hot heat
source means (1) to the discharging liguid receive means {25b)
to push out the liguid refrigerant in the discharging liquid
receive means (25b) to the user-side means (3} thereby
allowing the operation of absorbing heat to be continued, and

the control means (C) alternately changes each of the
liguid receive means (25a, 25b) between the charging liquid
receive means and the discharging liquid receive means thereby
succesgsively executing the operation of absorbing heat.

50. A heat transfer device according to claim 49, wherein
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the control means (C) is configured to control the gas
flow selecting means (8) and the liguid flow selecting means
(9) to execute an operation of recovering refrigerant when
liquid refrigerant in the hotft heat source means (1) becomes
short of a specified amount of storage during the operation
of absorbing heat of the user-side means (3),

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the charging liquid receive means
{(25a, 25b) to equalize pressures of the hot heat source means
(1) and the charging liquid receive means (25a, 25b) so that
a flow of liquid refrigerant from the cold heat source means
{(2) to the hot heat source means (1) is produced thereby
recovering liquid refrigerant in the 1iquid receive means (25a,
25b} to the hot heat source means {(1).

51. Aheat transfer device according to claim 50, wherein

the gas flow selecting means (8} includes: <£first
shut-off valves (EV7-1, EV7-2) which are provided between the
hot heat source means (1) and connection points of the gas
flow pipes (4a, 4b) with the gas pipes (26a, 26b} and
correspond to the 1liquid receive means (25a, 25b),
respectively; second shut-off valves {(EV8-1, EV8-2) which are
provided between the cold heat source means (2) and the
connection points of the gas flow pipes {4a, 4b) with the gas
pipes (26a, 26b) and correspond to the liguid receive means
{25a, 25b), respectively; a third shut-off wvalve (EV2)
provided in the gas pipe (6): and a fourth shout-off valve
(EV3) provided in a connecting pipe (20) for connecting the

user-side means (3) and the cold heat source means {(2), and
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the control means (C) is configured to allow:

the first shut-off valve (EV7-1, EV7-2} corresponding
to the charging liquid receive means {(25a, 25b) to be closed
at the transfer of liquid refrigerant from the user-side means
{3) to the liquid receive means (25a, 25b) during the operation
of radiating heat and at the transfer of liquid refrigerant
from the cold heat source means (2) to the liguid receive means
{25a, 25b) during the operation of absorbing heat;

the first shut-off valve (EV7-1, EV7-2) corresponding
to the discharging liguid receive means {25a, 25b) to be open
during the operation of recovering liquid refrigerant from
the liguid receive means (25a, 25b) to the hot heat source
means {1};

the second shut-off valve (EV8-1, EV8-2) corresponding
to the discharging liguid receive means {(25a, 25b) to be closed
at the supply of gas refrigerant £from the hot heat source means
(1) to the liguid receive means (25a, 25b}:

the second shut-off valve (EV8-1, EV8-2) corresponding
to the charging liquid receive means (25a, 25b) to be open
at the transfer of liquid refrigerant from the cold heat source
means (2) to the liguid receive means (25a, 25b);

the third shut-off valve (EV2) to be open only during
the operation of radiating heat of the user-side means (3);
and

the fourth shut-off valve (EV3)} to be open only during
the operation of absorbing heat of the user-side means (3).

52. Aheat transfer device according to claim 50, wherein

the liquid flow selecting means (9) includes: a first
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shut-off valve (EV4)} provided at a recovery flow side part
of the liquid flow pipes (5a, 5b) between the hot heat source
means {1) and connection points with the liguid pipes (27a,
27h); first check valves {(CVl-1, CV1-2) which are provided
at recovery flow side parts of the liquid flow pipes (5a, 5b)
respectively and each allow only a flow toward the hot heat
source means (1) and the user-side means (3): second check
valves (CV2-1, CV2-2) which are provided between the cold heat
source means {2) and connection points of the ligquid flow pipes
{5a, 5b) with the liquid pipes (27a, 27b) and allow only flows
toward the ligquid receive means (25a, 25b), respectively: a
second shut-off valve (EV9) provided in the liguid pipe (7):
and a third shut-off valve (EV10) provided in a connecting
pipe (21) for connecting the user-side means (3) with the
liguid receive means {(25a, 25b) through the second check
valves (CV2-1, CV2-2) respectively, and

the control means (C) is configured to allow:

the first shut-off valve (EV4) to be open only during
the operation of recovering ligquid refrigerant £from the liquid
receive means (25a, 25b) to the hot heat source means (1);

the second shut-off valve (EV9) to be open only during
the operation of absorbing heat of the user-side means {(3};
and

the third shut-off valve (EV10) to be open only during
the operation of radiating heat of the user-side means (3).

53. A heat transfer device according toclaim41l, wherein

a plurality of the user-side means {(3a-3d) are provided

and are connected to the gas flow pipes (4a, 4b) and the liguid
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flow pipes (5a, 5b) through the gas pipes (6a-6d)} and the
liquid pipes (7a-7d) respectively in a manner capable of
individual selection between an operation of radiating heat
and an operation of absorbing heat,

each of the liquid receive means (25a, 25b} is placed
at a position higher than that of the hot heat source means
{1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liguid flow selecting means
{9} to execute an operation of mainly radiating heat in which
the heat balance among all the user-side means (3a-3d) is in
a heat radiative condition, in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the discharging liguid receive means (25a) and
the heat-radiative user-side means (3} so that the gas
refrigerant is condensed in the user-side means {(3) and the
liguid refrigerant condensed in the heat-radiative user-side
means {3) is transferred to the charging liquid receive means
{25h) by pressure difference between the cold heat source
means (2) which condenses the gas refrigerant at a temperature
lower than that of the heat-radiative user-side means (3) and
the heat-~radiative user-side means (3) and transferred to the
heat-absorptive user-side means (3) by pressure difference
between the heat-absorptive user-side means (3} and the
heat-radiative user-side means (3);

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas

refrigerant evaporated in the heat-absorptive user-side
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means (3) is transferred to the charging liquid receive means
(25b) by pressure difference between the cold heat source
means (2) and the heat-absorptive user-side means (3) caused
due to refrigerant condensation in the cold heat source means
(2):

when liquid refrigerant in the charging liquid receive
means {25b) exceeds a specified amount of storage, the control
means {(C) changes the charging liquid receive means (25b) into
the discharging liquid receive means {25b) to execute an
operation of recovering refrigerant and changes the remaining
discharging liquid receive means (25a) into the charging
liquid receive means (25a),

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liquid receive means {(25a)
is stopped, gas refrigerant is supplied from the hot heat
source means (1) to the heat-radiative user-side means (3)
and is condensed in the heat-radiative user-side means {(3)
thereby allowing the operation of radiating heat to be
continued, and gas refrigerant is supplied from the hot heat
source means (1) to the discharging liquid receive means (25b})
to equalize pressures of the hot heat source means (1) and
the discharging liguid receive means (25b) thereby producing
a flow of liquid refrigerant from the discharging liquid
receive means (25b) to the hot heat source means (1) to recover
the liquid refrigerant in the discharging liquid receive means
{25b) to the hot heat source means (1); and

the control means (C) alternately changes each of the

liquid receive means (25a, 25b) between the charging liguid
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receive means and the discharging 1liquid receive means thereby
successively executing the operation of radiating heat.

54. A heat transfer device according to claim 41, wherein

a plurality of the user-side means (3a-3d) are provided
and are connected to the gas flow pipes (4a, 4b) and the liquid
flow pipes (5a, 5b) through the gas pipes (6a-64}) and the
ligquid pipes {7a-74) respectively in a manner capable of
individual selection between an operation of radiating heat
and an operation of absorbing heat,

each of the cold heat source means (2a, 2b) is placed
at a position higher than that of the hot heat source means
(1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
{9} to execute an operation of mainly absorbing heat in which
the heat balance among all the user-side means (3a-3d) is in
a heat absorptive condition, in a manner that:

gas refrigerant is supplied from the hot heat source
means (1) to the heat-radiative user-side means (3) and is
condensed in the user-side means (3) and the liquid
refrigerant condensed in the heat-radiative user-side means
(3) is transferred to the heat-absorptive user-side means (3)
by pressure difference between the heat-radiative user-side
means (3) and the heat-absorptive user-side means (3) while
gas refrigerant is supplied from the hot heat source means
(1) to the discharging liquid receive means (25a) to push out
liquid refrigerant in the discharging liguid receive means

(25a) to the heat-absorptive user-side means (3}:
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the 1liquid refrigerant is evaporated in the heat-
absorptive user-side means {(3) while gas refrigerant is
condensed in the cold heat source means (2), and the gas
refrigerant evaporated in the heat-absorptive user-side
means {(3) is transferred to the charging liquid receive means
(25b) by pressure difference between the heat-absorptive
user-side means {(3) and the cold heat source means (2) caused
due to drop in pressure of the cold heat source means (2);

when liquid refrigerant in the charging liquid receive
means {25b) exceeds a specified amount of storage, the control
means (C) changes the charging ligquid receive means (25b) and
the remaining discharging liquid receive means (25a) into the
discharging liquid receive means (25b) and the charging liguid
receive means (25a) respectively,

whereby the supply of gas refrigerant f£from the hot heat
source means (1) to the charging liguid receive means (25a)
is stopped while gas refrigerant is supplied from the hot heat
source means {1) to the discharging liquid receive means {(25b)
and the heat-radiative user-side means (3) so that the liguid
refrigerant in the discharging liquid receive means (25b) is
pushed out to the heat-absorptive user-side means (3) thereby
allowing the operation of absorbing heat to be continued; and

the control means (C) alternately changes each of the
liguid receive means (25a, 25b) between the charging liquid
receive means and the discharging liguid receive means thereby
successively executing the operation of absorbing heat.

55. A heat transfer device according to claim 54, wherein

each of the liquid receive means (25a, 25b) is placed
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at a position higher than that of the hot heat source means
(1), and

the control means (C) is configured to control the gas
flow selecting means (8) and the liquid flow selecting means
(9) to execute an operation of recovering refrigerant when
liguid refrigerant in the hot heat source means (1) becomes
short of a specified amount of storage during the coperation
of mainly absorbing heat,

in a manner that gas refrigerant is supplied from the
hot heat source means (1) to the charging liquid receive means
{(25a, 25b) to equalize pressures of the hot heat source means
(1) and the charging liquid receive means (25a, 25b) so that
a flow of liquid refrigerant from the liguid receive means
(25a, 25b) to the hot heat source means {1) is produced thereby
recovering liquid refrigerant in the liquid receive means (25a,
25b) to the hot heat source means (1).

56. Aheat transfer device according to claim 41, wherein

a plurality of the user-side means (3a-3d) are provided
and each of the user-side means {(3a-3d} is connected to the
gas flow pipes (4a, 4b) and the liquid flow pipes (Ba, 5b)
through the gas pipe (6) and the liquid pipes (7e, 7f)
respectively in a manner capable of individual selection
between an operation of radiating heat and an operation of
absorbing heat,

each of the liquid receive means (25a, 25b) is placed
at a position higher than that of the hot heat source means
(1), and

the control means {C) is configured to control the gas
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flow selecting means (8) and the liquid flow selecting means
{9) to execute:

{(a) an operation of mainly radiating heat in which the
heat balance among all the user-side means (3a-3d) is in a
heat radiative condition, in a manner that

gas refrigerant is supplied from the hot heat source
means (1) to the discharging liquid receive means (25a) and
the heat-radiative user-side means (3) so that the gas
refrigerant is condensed in the user-side means (3) and the
ligquid refrigerant condensed in the heat-radiative user-side
means (3) is transferred to the charging liquid receive means
{25b) by pressure difference between the cold heat source
means (2) which condenses the gas refrigerant at a temperature
lower than that of the heat-radiative user-side means (3} and
the heat-radiative user-side means {3} and transferred to the
heat-absorptive user-side means {(3) by pressure difference
between the heat-absorptive user-side means (3) and the
heat-radiative user-side means (3),

while the gas refrigerant is concurrently evaporated in
the heat-absorptive user-side means (3) and the gas
refrigerant evaporated in the heat-absorptive user-side
means {(3) is transferred to the charging liquid receive means
{25b) by pressure difference between the cocld heat source
means (2) and the heat-absorptive user-side means (3) caused
due to refrigerant condensation in the cold heat source means
(2).

when liquid refrigerant in the charging liquid receive

means (25b) exceeds a specified amount of storage, the control
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means (C) changes the charging liquid receive means (25b) into
the discharging liquid receive means (25b) to execute an
operation of recovering refrigerant and changes the remaining
discharging liquid receive means (25a) into the charging
liquid receive means (25a},

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liquid receive means (25a)
is stopped, gas refrigerant is supplied from the hot heat
source means (1) to the heat-radiative user-side means (3)
and is condensed in the heat-radiative user-side means (3)
thereby allowing the operation of radiating heat to be
continued, and gas refrigerant is supplied from the hot heat
source means (1) to the discharging liquid receive means {25b)
to equalize pressures of the hot heat source means (1) and
the discharging liguid receive means {(25b) thereby producing
a flow of liguid refrigerant from the discharging liquid
receive means (25b) to the hot heat source means (1) to recover
the liquid refrigerant in the discharging liquid receive means
{25b) to the hot heat source means (1), and

the control means (C} alternately changes each of the
liguid receive means (25a, 25b) between the charging liguid
receive means and the discharging Lligquid receive means thereby
successively executing the operation of radiating heat; and

{b) an operation of mainly absorbing heat in which the
heat balance among all the user-side means (3a-3d} is in a
heat absorptive condition, in a manner that

gas refrigerant is supplied from the hot heat source

means (1) to the heat-radiative user-side means {(3) and is
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condensed in the user-side means (3) and the liquid
refrigerant condensed in the heat-radiative user-side means
(3) is transferred to the heat-absorptive user-side means (3)
by pressure difference between the heat-radiative user-side
means (3) and the heat-absorptive user-side means (3) while
gas refrigerant is supplied from the hot heat source means
(1) to the discharging ligquid receive means {(25a) to push out
liguid refrigerant in the discharging liguid receive means
{25a) to the heat-absorptive user-side means (3)

the 1liquid refrigerant 1is evaporated in the heat-
absorptive user-side means (3) while gas refrigerant is
condensed in the cold heat source means (2), and the gas
refrigerant evaporated in the heat-absorptive user-side
means {3) is transferred to the charging liquid receive means
{25b} by pressure difference between the heat-absorptive
user-side means (3) and the cold heat source means (2) caused
due to drop in pressure of the cold heat source means (2},

when ligquid refrigerant in the charging liquid receive
means {25b) exceeds a specified amount of storage, the control
means {C) changes the charging liquid receive means (25b) and
the remaining discharging liguid receive means (25a) into the
discharging ligquid receive means {25b) and the charging ligquid
receive means (25a) respectively,

whereby the supply of gas refrigerant from the hot heat
source means (1) to the charging liguid receive means (25a)
is stopped while gas refrigerant is supplied £from the hot heat
source means {1) to the discharging liquid receive means {25b)

and the heat-radiative user-side means (3) so that the liquid
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refrigerant in the discharging liquid receive means (25b) is
pushed out to the heat-absorptive user-side means (3) thereby
allowing the operation of absorbing heat to be continued, and
the control means {(C) alternately changes each of the
ligquid receive means {(25a, 25b) between the charging liguid
receive means and the discharging liquid receive means thereby
successively executing the operation of absorbing heat.
57. Aheat transfer device according to claim 56, wherein
the gas flow selecting means (8} includes: first
shut-off valves (EV7-1, EV7-2) which are provided between the
hot heat source means (1) and connection points of the gas
flow pipes (4a, 4b} with the gas pipes (26a, 26b) and
correspond to the liquid receive means {(25a, 25b},
respectively; second shut-off valves (EV8-1, EV8-2) which are
provided between the cold heat source means (2) and connection
points of the gas flow pipes (4a, 4b) with the gas pipes (26a,
26b) and correspond to the liquid receive means (25a, 25b),
respectively; third shut-off valves (EV2-1 to EV2-4) provided
in the gas pipes (6a-6d) and corresponding to the user-side
means (3a-3d), respectively; a plurality of connecting pipes
{10a-10d4) which are each connected at one side thereof between
the second shut-off valves (EV8-1, EV8-2)} and the cold heat
source means {2) and are connected at the other side between
the third shut-off valves (EV2-1 to EV2-4) and the user-side
means {3a-34) respectively; and fourth shut-off valves (EV3-1
to EV3-4) provided in the connecting pipes (10a-104) and
corresponding to the user-side means (3a-34), respectively,

the control means {C) is configured to allow:
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the first shut-off valve (EV7-1, EV7-2) corresponding
to the charging liquid receive means {(25a, 25b) to be closed
at the transfer of liquid refrigerant from the heat-radiative
user-side means (3} to the liguid receive means (25a., 25b)
during the operation of mainly radiating heat and at the
transfer of liquid refrigerant £from the cold heat source means
{2) to the ligquid receive means {(25a, 25b) during the operation
of mainly absorbing heat; the first shut-off valve (EV7-1,
EV7-2) corresponding to the discharging liguid receive means
{25a, 25b) to be open at the supply of gas refrigerant from
the hot heat source means (1) to the 1ligquid receive means (25a,
25b);

the second shut-off valve (EV8-1, EV8-~2) corresponding
to the discharging liquid receive means (25a, 25b) to be closed
at the supply of gas refrigerant £from the hot heat source means
{1) to the liquid receive means (25a, 25b):

the second shut-off valve (EV8-1, EV8-2) corresponding
to the charging liquid receive means (25a, 25b) to be open
at the transfer of liquid refrigerant from the cold heat source
means (2} to the ligquid receive means (25a, 25b};

each of the third shut-off valves (EV2-1 to EV2-4) to
be open only during the operation of radiating heat of the
corresponding user-side means {(3); and

each of the fourth shut-off valves (EV3-1 to EV3-4) to
be open only during the operation of absorbing heat of the
corresponding user-side means (3).

58. Aheat transfer device according to claim 56, wherein

the liquid flow selecting means (9) includes: a first
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shut-off valve (EV4) provided between the hot heat source
means (1) and connection points of the liquid flow pipe (5)
with the ligquid pipes (27a, 27b); first check valves (CV1-1,
CV1l-2) which are provided between the hot heat source means
(1) and connection points of the liquid flow pipes (5a, 5b)
with the liquid pipes (27a, 27b) respectively and each allow
only a flow toward the hot heat source means (1} and the
user-side means (3a-34); second check valves (CV2-1, CV2-
2} which are provided between the cold heat source means (2)
and connection points of the liguid flow pipes (5a, 5b} with
the liquid pipes (27a, 27b) and allow only flows toward the
liquid receive means (25a, 25b), respectively; a second
shut-off valve (EV9) provided in the liquid pipe (7); and a
third shut-off valve (EV10) provided in a connecting pipe {(21)
for connecting the user-side means (3a-3d) with the ligquid
receive means (25a, 25b)} through the second check valves
{Cv2~1, CV2-2) respectively, and

the control means (C) is configured to allow:

the first shut-off valve (EV4) to be open only during
the operation of recovering liquid refrigerant £from the liquid
receive means (25a, 25b) to the hot heat source means (1);

the second shut-off valve (EV9) to be open only during
the operation of mainly absorbing heat of the user-side means
(3): and

the third shut-off valve {EV10)} to be open only during
the operation of mainly radiating heat of the user-side means
(3}).

59. A heat transfer device according to any one of claims
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1 to 5, 14, 15, 23 to 26, 35, 41 to 44 and 53, wherein

the hot heat source means (1) is configured to evaporate
refrigerant by receiving an amount of heat from refrigerant
for heat source circulating in a heat source-side refrigerant
circuit (A),

the cold heat source means {2) is configured to condense
refrigerant by losing an amount of heat to the refrigerant
for heat source, and

the heat source-side refrigerant circuit () comprises:

heating heat exchange means (12) for exchanging heat
with the hot heat source means (1) to give an amount of heat
for evaporating refrigerant to the hot heat source means (1);

cooling heat exchange means (15) for exchanging heat
with the cold heat source means (2) to take an amount of heat
for condensing refrigerant from the cold heat source means
(2); and

heat exchange amount adijusting means (14) for giving,
to the refrigerant for heat source, a difference between both
the heat exchange amounts of the heating heat exchange means
{(12) and the cooling heat exchange means (15) during the
operation of radiating heat of the user-side means (3) when
the heat exchange amount of the heating heat exchange means
{12) is larger than that of the cooling heat exchange means
(15).

60. A heat transfer device according to claim 59, wherein

the heat source-side refrigerant circuit (A) is
configured in a manner that refrigerant heating means (11},

the heating heat exchange means (12), expansionmechanism (13},
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the heat exchange amount adjusting means {14) and the cooling
heat exchange means (15) are connected in this order in a
manner capable of circulating refrigerant,

the heat source-side refrigerant circuit (A) further
comprises a bypass passage (17) which is connected at one end
thereof between the expansion mechanism (13) and the heat
exchange amount adjusting means (14) and at the other end
between the heat exchange amount adjusting means (14) and the
cooling heat exchange means (15), and

the bypass passage (17} is provided with a flow control
valve (18) adjustable in opening for controlliing a flow rate
of refrigerant flowing into the heat exchange amount adjusting
means {14) according to a difference between the heat exchange
amount of the heating heat exchange means (12) and that of
the cooling heat exchange means (15).

61. Aheat transfer device according to claim 59, wherein

the heat source-side refrigerant circuit (A) is
configured in a manner that refrigerant heating means (11},
the heating heat exchange means (12}, expansion mechanism
{18a) and the cooling heat exchange means (15) are connected
in this order in a manner capable of circulating refrigerant,

the heat source-side refrigerant circuit (A) further
comprises a bypass passage (17) for bypassing the cooling heat
exchange means {15) and directly introducing refrigerant from
the heating heat exchange means (12) into the refrigerant
heating means (11), and

the bypass passage (17) is provided with the heat

exchange amount adjusting means (14}.

225



10

15

20

25

AR

62. Aheat transfer device according to claim6l, wherein

the bypass passage (17) is connected at one end thereof
between the heating heat exchange means (12) and the expansion
mechanism (18a) and at the other end between the cooling heat
exchange means (15) and the refrigerant heating means (11},
and

a flow control valve {(18b) adjustable in opening for
controlling a £low rate of refrigerant flowing into the heat
exchange amount adjustingmeans (14) according to a difference
between the heat exchange amount of the heating heat exchange
means {(12) and that of the cooling heat exchange means (15)
and for reducing the pressure of refrigerant for heat source
is provided between one end of the bypass passage (17) and
the heat exchange amount adjusting means (14).

63. A heat transfer device according to claim 59, wherein

the heat source-side refrigerant circuit (A) further
comprises defrosting means (31) for supplyving refrigerant
discharged from the refrigerant heatingmeans (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means (14) when the heat exchange
amount adjusting means {(14) is frosted.

64. A heat transfer device according to claim 60, wherein

the heat source-side refrigerant circuit (A} further
comprises defrosting means {31} for supplying refrigerant
discharged from the refrigerant heating means (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means (14) when the heat exchange

amount adjusting means (14) is frosted, and
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the defrosting means (31) comprises:

a hot gas pipe {(32) which is connected at one end thereof
to a discharge side of the refrigerant heating means (11) and
at the other end to the heat exchange amount adjusting means
(14):

a shut-off valve {EVD1l) which is provided in the hot gas
pipe (32) and is opened only under defrosting operation;

a suction pipe (33) for introducing refrigerant having
passed through the heat exchange amount adjusting means {14),
the expansion mechanism {13) and the heating heat exchange
means (12) into a suction side of the refrigerant heating means
{11); and

a shut-off valve (EVD2) which is provided in the suction
pipe (33) and is opened only under defrosting operation.

65. A heat transfer device according toclaim6l, wherein

the heat source-side refrigerant circuit (A} further
comprises defrosting means (31) for supplying refrigerant
discharged from the refrigerant heating means (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means {(14) when the heat exchange
amount adjusting means (14) is frosted, and

the defrosting means (31) comprises:

a shut-off valve (EVD4) which is provided between the
refrigerant heating means (11) and the heating heat exchange
means (12) and is closed under defrosting operation;

a connecting pipe (33) which is connected at one end
thereof between the shut-off valve (EVD4) and the heating heat

exchange means (12) and at the other end to a suction side
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of the refrigerant heating means (11); and

a shut-off wvalve (EVD3) which is provided in the
connecting pipe (33) and is closed under defrosting operation.

66. A heat transfer device according to claim 59, wherein

the refrigerant heating means is a compressor (11).

67. A heat transfer device according to any one of claims
1, 6 to 9, 16, 17, 23, 27 to 30, 36, 37, 41, 45 to 48, 54 and
55, wherein

the hot heat source means (1) is configured to evaporate
refrigerant by receiving an amount of heat from refrigerant
for heat source circulating in a heat source-side refrigerant
circuit (A},

the cold heat source means (2) is configured to condense
refrigerant by losing an amount of heat to the refrigerant
for heat source, and

the heat source-side refrigerant circuit (A) comprises:

heating heat exchange means (12} for exchanging heat
with the hot heat source means {1} to give an amount of heat
for evaporating refrigerant to the hot heat source means (1);

cooling heat exchange means (15) for exchanging heat
with the cold heat source means {2) to take an amount of heat
for condensing refrigerant from the cold heat source means
(2); and

heat exchange amount adjusting means {(14) for taking,
from the refrigerant for heat source, a difference between
both the heat exchange amounts of the heating heat exchange
means {12) and the cooling heat exchange means {15) during

the operation of absorbing heat of the user-side means (3)
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when the heat exchange amount of the heating heat exchange
means (12) is smaller than that of the cooling heat exchange
means {(15).

68. A heat transfer device according to claim 67, wherein

the heat source-side refrigerant circuit (A} is
configured in a manner that refrigerant heating means (11},
the heating heat exchange means (12), the heat exchange amount
adjustingmeans (14), expansionmechanism (13) and the cocling
heat exchange means (15) are connected in this order in a
manner capable of circulating refrigerant,

the heat source-side refrigerant circuit (A} further
comprises a bypass passage (17) which is connected at one end
thereof between the expansion mechanism (13} and the heat
exchange amount adjusting means (14) and at the other end
between the heat exchange amount adjusting means (14) and the
cooling heat exchange means (15), and

the bypass passage (17) is provided with a flow control
valve (18) adjustable in opening for contrelling a flow rate
of refrigerant flowing into the heat exchange amount adjusting
means {(14) according to a difference between the heat exchange
amount of the heating heat exchange means (12) and that of
the cooling heat exchange means (15).

69. A heat transfer device according to claim 67, wherein

the heat source-side zrefrigerant circuit (A) is
configured in a manner that refrigerant heating means (11},
the heating heat exchange means (12), expansion mechanism
{18a) and the cooling heat exchange means (15) are connected

in this order in a manner capable of circulating refrigerant,
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the heat source-side refrigerant circuit (A) further
comprises a bypass passage {(17) for bypassing the heating heat
exchange means (12) and directly introducing refrigerant from
the refrigerant heating means (11) into the cooling heat
exchange means (15), and

the bypass passage {(17) is provided with the heat
exchange amount adjusting means (14).

70. Aheat transfer device according to claim 69, wherein

the bypass passage (17) is connected at one end thereof
between the expansion mechanism {18a) and the cooling heat
exchange means (15} and at the other end between the
refrigerant heating means (11) and the heating heat exchange
means (12}, and

a flow control valve (18b) adjustable in opening for
controlling a flow rate of refrigerant flowing intc the heat
exchange amount adjustingmeans (14} according to a difference
between the heat exchange amount of the heating heat exchange
means {12) and that of the cooling heat exchange means {15)
and for reducing the pressure of refrigerant for heat source
is provided between one end of the bypass passage (17} and
the heat exchange amount adjusting means {(14}.

71. A heat transfer device according to claim 67, wherein

the refrigerant heating means is a compressor {(1l1l).

72. A heat transfer device according to any one of claims
1, 10 to 13, 18 to 20, 23, 31 to 34, 38 to 40, 41, 49 to 52
and 56 to 58, wherein

the hot heat source means (1) is configured to evaporate

refrigerant by receiving an amount of heat from refrigerant
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for heat source circulating in a heat source-side refrigerant
circuit (A),

the cold heat source means {2) is configured to condense
refrigerant by losing an amount of heat to the refrigerant
for heat source, and

the heat source-side refrigerant circuit (A) comprises:

heating heat exchange means (12) for exchanging heat
with the hot heat source means (1) to give an amount of heat
for evaporating refrigerant to the hot heat source means (1};

cooling heat exchange means (15) for exchanging heat
with the cold heat source means (2) to take an amount of heat
for condensing refrigerant from the cold heat source means
(2); and

heat exchange amount adijusting means (14) for giving,
to the refrigerant for heat source, a difference between both
the heat exchange amounts of the heating heat exchange means
{12) and the cooling heat exchange means (15} during the
operation of radiating heat of the user-side means (3) when
the heat exchange amount of the heating heat exchange means
(12) is larger than that of the cooling heat exchange means
{15), but taking, from the refrigerant for heat source, a
difference between both the heat exchange amounts of the
heating heat exchange means (12) and the cooling heat exchange
means (15) during the operation of absorbing heat of the
user-side means (3) when the heat exchange amount of the
heating heat exchange means {(12) is smaller than that of the
cooling heat exchange means (15).

73. A heat transfer device according to claim 72, wherein
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the heat source-side refrigerant circuit (A) is
configured in a manner that refrigerant heating means (11),
the heating heat exchange means (12), expansionmechanism (13},
the heat exchange amount adjusting means (14) and the cooling
heat exchange means (15} are connected in this order in a
manner capable of circulating refrigerant,

the heat source-side refrigerant circuit (A) further
comprises:

a four-way selector valve {19) which selects, during the
heating operation of the user-side means (3}, a heating
operation position that allows refrigerant from the heating
heat exchange means (12) to pass through the expansion
mechanism (13), the heat exchange amount adjusting means (14}
and the cooling heat exchange means (15) in this order and
selects, during the cooling operation of the user-side means
{3), acooling operation position that allows refrigerant from
the heating heat exchange means {12) to pass through the heat
exchange amount adjusting means (14}, the expansion mechanism
(13} and the cooling heat exchange means (15} in this order;
and

a bypass passage (17} which is connected at one end
thereof between the expansion mechanism (13} and the heat
exchange amount adjusting means (14) and at the other end
between the heat exchange amount adjusting means (14) and the
four-way selector valve (19}, and

the bypass passage {(17) is provided with a flow control
valve (18) adjustable in opening for controlling a £flow rate

of refrigerant flowing into the heat exchange amount adjusting
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means (14) according to a difference between the heat exchange
amount of the heating heat exchange means (12} and that of
the cooling heat exchange means {(15).

74. A heat transfer device according to claim 72, wherein

the heat source-side refrigerant circuit (A} 1is
configured in a manner that refrigerant heating means (11),
the heating heat exchange means (12), expansion mechanism
(18c) and the cooling heat exchange means (15) are connected
in this order in a manner capable of circulating refrigerant,

the heat source-side refrigerant circuit (A) further
comprises a bypass passage (17) for bypassing the cooling heat
exchange means (15) during the heating operation of the
user-side means (3) to introduce refrigerant £from the heating
heat exchange means (12) into the refrigerant heating means
(11) while bypassing the heating heat exchange means (12)
during the cooing operation of the user-side means (3) to
introduce refrigerant £from the refrigerant heating means (11)
into the cooling heat exchange means (15), and

the bypass passage (17) 1is provided with the heat
exchange amount adjusting means {14} and a pressure reduction
mechanism (18) for reducing the pressure of refrigerant during
the heating operation of the user-side means (3).

75. A heat transfer device according to claim 74, wherein

one end of the bypass passage (17) is divided into a
suction branch pipe (1l6a) and a discharge branch pipe (16b),

the suction branch pipe (16a) is connected to a suction
side of the refrigerant heating means (11) and the discharge

branch pipe (16b)} is connected to a discharge side of the
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refrigerant heating means (11},

the suction branch pipe (16a) is provided with a shut-off
valve (EVI) which is open during the heating operation of the
user-side means (3) and is closed during the cooling operation
thereof, and

the discharge branch pipe (16b) is provided with a
shut-off valve (EVO) which is closed during the heating
operation of the user-side means (3) and is open during the
cooling operation thereof.

76. Aheat transfer device according to claim 72, wherein

the heat source-side refrigerant circuit (A} further
comprises defrosting means (31) for supplying refrigerant
discharged from the refrigerant heating means (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means (14) when the heat exchange
amount adjusting means (14} is frosted.

77. Aheat transfer device according to claim 73, wherein

the heat source-side refrigerant circuit (A) further
comprises defrosting means (31) for supplying refrigerant
discharged from the refrigerant heating means (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means (14} when the heat exchange
amount adjusting means (1l4) is frosted, and

the defrosting means (31) comprises:

a hot gas pipe (32) which is connected at one end thereof
to a discharge side of the refrigerant heating means {(11) and
at the other end to the heat exchange amount adjusting means

(14);
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a shut-off valve (EVDl) which is provided in the hot gas
pipe (32) and is opened only under defrosting operation;

a suction pipe (33) for introducing refrigerant having
passed through the heat exchange amount adjusting means (14),
the expansion mechanism (13) and the heating heat exchange
means (12) into a suction side of the refrigerant heating means
{11); and

a shut-off valve (EVD2) which is provided in the suction
pipe (33) and is opened only under defrosting operation.

78. A heat transfer device according to claim 74, wherein

the heat source-side refrigerant circuit {(A) further
comprises defrosting means (31) for supplying refrigerant
discharged from the refrigerant heating means (11) to the heat
exchange amount adjusting means (14) to defrost the heat
exchange amount adjusting means (14) when the heat exchange
amount adjusting means (14) is frosted, and

the defrosting means (31) comprises:

a shut-off valve (EVD4) which is provided between the
refrigerant heating means (11) and the heating heat exchange
means (12) and is closed under defrosting operation:

a connecting pipe (33) which is connected at one end
thereof between the shut-off valve {(EVD4) and the heating heat
exchange means (12) and at the other end to a suction side
of the refrigerant heating means (11}; and

a shut-off wvalve (EVD3) which is provided in the
connecting pipe {(33) and is closed under defrosting operation.

79. A heat transfer device according to claim 72, wherein

the refrigerant heating means is a compressor (11).
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