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Description

The invention relates to a space cooling and
heating and hot water supplying apparatus com-
prising a compressor, a first indoor heat
exchanger for hot water supply connected at one
end thereof to the compressor at its discharge
side via a conduit, a second indoor heat
exchanger for space cooling and heating and an
outdoor heat exchanger each switchingly con-
nected at one end thereof via a four-way vaive to
an opposite end of the first indoor heat exchanger
and a suction side of the compressor via conduits,
and an expansion valve connecting together
opposite ends of the second indoor heat
exchanger and outdoor heat exchanger via con-
duits.

The US-A-3 366 166 describes a conditioning
apparatus comprising a compressor, a heat
exchanger for heating water to supply hot water,
an indoor heat exchanger, an outdoor heat
exchanger, two expansion valves, each having a
bypass conduit and two four-way-valves. These
valves being adapted when in a first position to
cause the system to simultaneously cool the area
being conditioned by the indoor heat exchanger
while heating water in the hot water supplying
heat exchanger. Upon reversal of one of that
valves the system is caused to simultaneously
heat both the area being conditioned and the
water. Upon reversal of the other of that valves,
the system is caused to heat the area being
conditioned by heat extracted from the water. The
conditioning apparatus cannot be operated only
for supplying hot water. Further on, the amount of
refrigerant passed or circulated through the
refrigerant circuit cannot be controlied.

A space cooling and heating apparatus of the
generic kind capable of supplying hot water is
disclosed in JP-UM-A-79651/73. In this apparatus
a compressor, a heat exchanger for heating water
to supply hot water (hereinafter referred to as
“hot water supplying heat exchanger”), a four-
way-valve, a space cooling and heating heat
exchanger (indoor), an outdoor heat exchanger
and an expansion valve are successively con-
nected together by conduits to provide a refriger-
ation cycle or refrigeration circuit. In a space
heating and hot water supplying mode, a refriger-
ant discharged from the compressor flows, as the
four-way, valve is actuated, through the hot water
supplying heat exchanger, four-way valve, space
cooling and heating heat exchanger, expansion
valve, outdoor heat exchanger and four-way
valve before returning to the compressor, with
the hot water supplying heat exchanger and
space cooling and heating heat exchanger serv-
ing as condensers to perform the function of
heating water for supplying hot water {hereinafter
referred to as “hot water supplying function”) and
the space heating function.

In a space cooling and hot water supplying
mode, the refrigerant discharged from the com-
pressor flows, as the four-way valve is actuated,
through the hot water supplying heat exchanger,
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four-way valve, outdoor heat exchanger, expan-
sion valve, space cooling and heating heat
exchanger and four-way valve before returning to
the compressor, with the hot water supplying
heat exchanger and outdoor heat exchanger serv-
ing as condensers and the space cooling and
heating heat exchanger serving as an evaporator
to perform the functions of hot water supply and
space cooling.

In the apparatus of the aforesaid construction,
when it is desired to perform the hot water
supplying function preferentially in the space
heating and hot water supplying mode, it is
necessary to obtain sufficiently high heating
capabilities by letting the hot water supplying
heat exchanger perform the function of condens-
ing all the refrigerant. However, when the space
cooling and heating heat exchanger is low in
temperature, the majority of refrigerant under-
goes condensation in the space cooling and
heating heat exchanger, so that the hot water
supplying heat exchanger is unable to satis-
factorily perform a heating function and the heat-
ing capabilities of the apparatus for supplying hot
water are reduced.

On the other hand, if the hot water supplying
heat exchanger is low in temperature when it is
desired to give priority to the space heating
function, then the majority of refrigerant under-
goes condensation in the hot water supplying
heat exchanger and the heat given off by the
space cooling and heating heat exchanger is
markedly reduced in amount, thereby deteriorat-
ing the space heating function.

Thus, the apparatus of the aforesaid construc-
tion has the problem that difficulties are experi-
enced in selectively performing a space heating
operation or a hot water supplying operation by
giving priority to one of them when it is desired to
preferentially perform space heating or hot water
supply. This is also the case when a space cooling
and hot water supplying operation is performed.

When it is desired to give priority to the hot
water supplying function, it is necessary that the
majority of refrigerant be subjected to condensa-
tion in the hot water supplying heat exchanger.
However, when the outdoor temperature is low,
for example, the condensation of the refrigerant
also takes place in the outdoor heat exchanger,
making it impossible to let the refrigerant give off
heat in the hot water supplying heat exchanger in
an amount great enough to heat water.

This invention has as its object the provision of
an apparatus making it possible to selectively
perform a hot water supplying operation and a
space cooling or heating operation and allowing
the respective heat exchanger to have priority
over other heat exchangers in performing a heat
exchange function, whereby the apparatus can
function with a high degree of efficiency in
accordance with a load applied thereto.

The aforesaid object is accomplished by a first
on-off valve and a second on-off valve operating
in reverse actions connected at one end thereof to
inlet and outlet ports of a refrigerant tank for

~
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regulating the amount of a sealed-in refrigerant
and at an opposite end thereof to a lower
pressure conduit and a higher pressure conduit,
respectively, connected together by the expan-
sion valve located at their boundary, and wherein
the apparatus operates such that in a space
heating mode, the refrigerant tank is brought into
communication with the lower pressure conduit
when space heating and hot water supply are
both needed and when only the hot water supply
is needed, and the refrigerant tank is brought into
communication with the higher pressure conduit
when only the space heating is needed, and in a
space cooling mode, the refrigerant tank is
brought into communication with the lower
pressure conduit when space cooling and hot
water supply are both needed and when only the
hot water supply is needed, and the refrigerant
tank is brought into communication with the
higher pressure conduit when only the space
cooling is needed. .

The constructional feature that the on-off valves
operating in reverse actions are connected at one
end thereof to the inlet and outlet ports of the
refrigerant tank and at an opposite end thereof to
the lower pressure conduit and higher pressure
conduit, respectively, enables the refrigerant tank
to be selectively brought into communication
with the lower pressure conduit and higher
pressure conduit by the operation of the on-off
valves.

When the refrigerant tank is brought into com-
munication with the lower pressure conduit,
nearly ail the refrigerant in the refrigerant tank is
vaporized into a gaseous state with the refrigerant
tank being mounted in an ambience of a tempera-
ture higher than the saturation temperature of the
refrigerant corresponding to the pressure on the
lower pressure side (vaporizing pressure). When
the refrigerant tank is brought into communica-
tion with the higher pressure conduit, the refriger-
ant tank is filled with the refrigerant in a liquid
state with the refrigerant tank being mounted in
an ambience of a temperature higher than the
saturation temperature of the refrigerant corre-
sponding to the condensing pressure.

When space heating and hot water supply are
both needed in a space heating mode, the
pressure of the refrigerant in the refrigerant tank
falls as the tank is brought into communication
with the lower pressure conduit. This avoids
collection of the refrigerant in a liquid state in the
tank, and the sealed-in refrigerant in the refrigera-
tion circuit all flows therethrough, so that the first
indoor heat exchanger and second indoor heat
exchanger satisfactorily perform heat exchange
(condensation) to enable the apparatus to fully
perform the space heating and - hot water
supplying functions.

When hot water supply is not needed and only
the space heating is needed, the refrigerant in a
liquid state collects in the refrigerant tank and the
amount of the refrigerant circulating through the
refrigeration circuit is reduced if the refrigerant
tank is brought into communication with the
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higher pressure conduit. This enables the heat
exchanger for space cooling and heating to satis-
factorily perform heat exchange {(condensation)
because no refrigerant in a liquid state collects
therein, thereby enabling the space heating func-
tion to be fully performed. When no hot water
supply is needed, warm water in a heat
accumulating tank for hot water supply is con-
siderably high in temperature, so that the first
heat exchanger for hot water supply performs
almost no condensation and the water in the heat
accumulating tank for hot water supply is not
heated.

When space cooling and hot water supply are
both needed in a space cooling mode, the re-
frigerant in the refrigerant tank changes to a
gaseous state of low pressure if the refrigerant
tank is brought into communication with the low
pressure conduit, so that all the sealed-in gas
circulates through the refrigeration circuit without
the refrigerant in a liquid state collecting in the
refrigerant tank. The first indoor heat exchanger
for hot water supply and the outdoor heat
exchanger serve as condensers, and the refriger-
ant in a liguid state collects in the outdoor heat
exchanger located on the downstream side.
Almost no heat exchange (condensation) takes
place between the refrigerant and air in the
outdoor heat exchanger, so that almost all the
energy of the gaseous refrigerant of high
temperature discharged from the compressor is
released in the first indoor heat exchanger for hot
water supply. This is conducive to improved hot
water supply function due to condensation of
gaseous refrigerant in the first indoor heat
exchanger. Meanwhile, the second indoor heat
exchanger for space cooling and heating serves
as an evaporator to perform space cooling.

When no space cooling is needed but only the
hot water supply is needed, the refrigerant tank is
brought into communication with the lower
pressure conduit as described hereinabove by
referring to the space cooling mode. The hot
water supply function is perferentially performed
as in the space cooling mode described here-
inabove. In this case, the space cooling
capabilities not needed may be retained by
accumulating heat in a heat accumulating tank for
space cooling and heating. When no hot water
supply is needed but only the space cooling is
needed, the pressure in the refrigerant tank can
be raised by bringing it into communication with
the higher pressure conduit, with a result that the
refrigerant in a liquid state collects in the refriger-
ant tank and the refrigerant flowing through the
refrigeration circuit in circulation is reduced in
amount. As the amount of the refrigerant flowing
in circulation through the referigerant circuit is
reduced, the outdoor heat exchanger functions as
a condenser without the refrigerant collecting
therein, so that the first indoor heat exchanger
and the second heat exchanger serve as conden-
sers. As a result, the condensing pressure (dis-
charge pressure) falls, and when the saturation
temperature falls below the temperature of water
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in the heat accumulating tank for hot water
supply, almost no heat exchange (condensation)
occurs in the first indoor heat exchanger and no
further rise in the temperature of warm water in
the heat accumulating tank for hot water supply
occurs. Meanwhile, the second indoor heat
exchanger for space cooling and heating serves
as an evaporator and performs space cooling.

The invention also provides another construc-
tional form of the space cooling and heating and
hot water supplying apparatus further comprising
a third on-off valve connected in parallel with the
expansion valve through a conduit, and a parallel
circuit of a second expansion valve and a fourth
on-off valve connected to a conduit connecting
the four-way valve to the outdoor heat exchanger.
in operation, when only the hot water supply is
needed in a space cooling mode, the third on-off
valve is opened and fourth on-off valve is closed.
In other operation modes, the third on-off valve is
closed and fourth on-off valve is opened.

In the aforesaid constructional form, when no
space cooling is needed and only the hot water
supply is needed in the space cooling mode, the
first indoor heat exchanger for hot water supply
serves as a condenser and the refrigerant has its
pressure reduced by the second expansion vaive.
The outdoor heat exchanger and second indoor
heat exchanger for space cooling and heating
serve as evaporators, and ailmost no vaporization
takes place in the second indoor heat exchanger
located on the downstream side. Thus, there is no
risk that water in a heat accumulating tank for
space cooling and heating might freeze.

In the description of the constructional form set
forth hereinabove and the description of another
constructional form presently to be described, the
terms ““first indoor heat exchanger” and “second
indoor heat exchanger” have been used. How-
ever, these two heat exchangers are not neces-
sarily mounted indoors and they are intended to
function as heat exchangers for performing hot
water supply and space cooling and heating.
Preferably, the first indoor heat exchanger is used
for hot water supply, and although the term “first
indoor heat exchanger for hot water supply” is
ased in this specification, this heat exchanger is
not necessarily used exclusively for hot water
supply and may be used for other purposes. It is
to be understood that a heat exchanger for heat-
ing purposes is included in this heat exchanger.

The space cooling and heating and hot water
supplying apparatus according to the invention
can selectively perform with a high degree of
efficiency the operation of simultaneously per-
forming space heating and hot water supply, the
operation of performing only the hot water supply
and the operation of performing only the space
heating in winter, and the operation of simul-
taneously performing hot water supply and space
cooling, the operation of performing only the hot
water supply and the operation of performing
only the space cooling in summer. The apparatus
can achieve effects in conserving energy because
it is possible for the apparatus to selectively
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perform each one of the aforesaid operations in
accordance with a load. With the aid of drawings
embodiments of the invention are described.

Fig. 1 is a circuit diagram of the refrigeration
circuit of the space cooling and heating and hot
water supplying apparatus in accordance with
one embodiment of the invention;

Fig. 2 is a circuit diagram of the refrigeration
circuit of the space cooling and heating and hot
water supplying apparatus in accordance with a
modification of the embodiment shown in Fig. 1;

Fig. 3 is a circuit diagram of the refrigeration
circuit of the space cooling and heating and hot
water supplying apparatus in accordance with
another embodiment; and

Fig. 4 is a circuit diagram of the refrigeration
circuit of the space cooling and heating and hot
water supplying apparatus in accordance with a
modification of the embodiment shown in Fig. 3.

One embodiment of the invention will now be
described by referring to Fig. 1 showing refrigera-
tion circuit of the apparatus.

As shown, a compressor 1 is connected at a
discharge side thereof through a discharge con-
duit la to one end of a first indoor heat exchanger
4 disposed within a hot water supplying heat
accumulating tank 3. The opposite end of the heat
exchanger 4 is connected through a conduit 4a to
a four-way valve 2. The compressor 1 is con-
nected at a suction side thereof through a conduit
ib to the four-way valve 2. Mounted inside a
cooling and heating heat accumulating tank 5is a
heat exchanger 6 connected at one end thereof
through a conduit 6a to the four-way valve 2 and
at an opposite end thereof through a conduit 6b to
an expansion valve 8. An outdoor heat exchanger
7 is connected at one end thereof through a
conduit 7b to the expansion valve 8 and at an
opposite end thereof through a conduit 7a to the
four-way valve 2. A sealed-in refrigerant amount
regulating tank (Hereinafter referred to as “refri-
gerant tank’) 10 has two inlet and outlet ports,
one port being connected to a first on-off valve Ha
and the other port being connected to a second
on-off valve 11b. A conduit connecting the one
inlet and outlet port to the first on-off valve 11ais
connected to the conduit 6b connecting the
expansion valve 8 to the second indoor heat
exchanger 6, and a conduit connecting the other
inlet and outlet port to the second on-off valve
11b is connected to the conduit 7b connecting the
expansion valve 8 to the outdoor heat exchanger
7. The hot water supply heat accumulating tank 3
has a faucet 20 attached thereto.

Operation of the aforesaid constructional form
of the invention will now be described by refer-
ring to Fig. 1. First, a hot water supply and space
heating operation will be described. In this mode,
the four-way valve 2 is brought to a solid line
position in the figure to allow a refrigerant to flow
in directions indicated by solid line arrows. The
refrigerant of high temperature and pressure
released from the compressor 1 flows into the
first indoor heat exchanger 4 for hot water supply
to heat the water in the heat accumulating tank 3,
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and then through the four-way valve 2 into the
second indoor heat exchanger 6 for space cooling
and heating to heat a medium (such as water) in
the heat accumulating tank 5. Then, after having
its pressure reduced by the expansion valve 8, the
refrigerant flows into the outdoor heat exchanger
7 where it is vaporized by heat exchange with
outdoor air into a gaseous state, before returning
to the compressor | through the four-way vaive 2.

In the aforesaid refrigeration circuit, the oper-
ation for performing space heating and hot water
supply is as follows. In this case, the temperatures
of water in the hot water supply heat accumuiat-
ing tank 3 and space cooling and heating heat
accumulating tank 5 are both low, for example,
and it is necessary to make full use of the first
indoor heat exchanger 4 and second indoor heat
exchanger 6 to enable the refrigeration circuit to
achieve a high performance. If the operation is
performed by closing the first on-off valve 11a
and opening the second on-off valve 11b, then the
pressure in the refrigerant tank 10 falls and no
refrigerant collects therein, so that all the refriger-
ant sealed in the refrigeration circuit flows
through the circuit in circulation and is effectively
used.

The operation for space heating without provid-
ing hot water supply is as follows. In this case, the
temperature t; of water in the hot water supply
heat accumulating tank 3 is high enough but the
temperature, t, of water in the space cooling and
heating heat accumulating tank 5 is low and
needs further heating, for example. The second
indoor heat exchanger 6 is exposed to a lower
temperature than the first indoor heat exchanger
4, so that almost no refrigerant undergoes con-
densation in the first indoor heat exchanger 4 and
the refrigerant is condensed in the second indoor
heat exchanger 6. However, with the amount of
the refrigerant sealed in the refrigeration circuit
being constant, the refrigerant is inevitably
gathered together in the second indoor heat
exchanger 6, with the result that the second
indoor heat exchanger 6 has a greater liquid
refrigerant zone and a reduced function as a
condenser, raising the discharge pressure (con-
densing pressure) of the compressor 1. As the
saturation temperature of the refrigerant (corre-
sponding to the condensing pressure) rises above
the water temperature t,, the refrigerant begins to
condense in the first indoor heat exchanger 4 too
and the water temperature t; rises, thereby
unnecessarily raising the hot water temperature.
At this time, if the amount of the refrigerant
flowing through the refrigeration circuit is
reduced, then the second indoor heat exchanger 6
fully functions as a condenser without being
sealed by the liquid condenser, to thereby raise
the temperature t, in the space cooling and
heating heat accumulating tank 5 and avoid a rise
in condensing pressure. Thus, the refrigerant
does not undergo condensation in the first indoor
heat exchanger 4 and the water, in the hot water
supply heat accumulator 3 is hardly heated. To
effect adjustments of the amount of the sealed-in
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refrigerant as noted above, one only has to open
the first on-off valve 11a, close the second on-off
valve 11b and set the ambient temperature of the
refrigerant tank 10 at a level lower than the
saturation temperature of the refrigerant corre-
sponding to the condensing pressure. By this
arrangement, the excess refrigerant is all con-
tained in the refrigerant tank 10.

The operation of performing hot water supply
without performing space heating is as follows. In
this case, the first on-off valve 11a is ciosed and
second on-off valve 11b is opened while the
pressure in the refrigerant tank 10 falls. By placing
the refrigerant tank 10 in a space of an ambient
temperature higher than the saturation tempera-
ture of the refrigerant corresponding to the
pressure (vaporizing pressure) on a lower
pressure side of the refrigeration circuit, it is
possible to cause the refrigerant in the refrigerant
tank 10 to vaporize, and the refrigerant tank 10 is
filled with only the refrigerant in a gaseous state,
thereby increasing the effective amount of the
refrigerant flowing through the refrigeration cir-
cuit in circulation.

A hot water supply and space cooling operation

" will now be described. By bringing the four-way

valve 2 to a broken line position shown in Fig. 1,
the refrigerant can be made to flow in the direc-
tions of broken line arrows. The refrigerant of
high temperature and pressure released from the
compressor 1 first gives off heat in the first indoor
heat exchanger 4 for hot water supply, and then
fiows through the four-way valve 2 into the
outdoor heat exchanger 7 where it gives off heat
and condenses into a liquid state. The refrigerant
in a liquid state has its pressure reduced by the
expansion valve 8 and absorbs heat in the second
indoor heat exchanger 6 to vaporize into a
gaseous state. The gaseous refrigerant returns to
the compressor 1 through the four-way valve 2.

The operation of simultaneously performing
space cooling and hot water supply in the
aforesaid refrigeration circuit will be described. In
this case, the amount of the refrigerant flowing in
circulation through the refrigeration circuit is
increased to fill the outdoor heat exchanger 7 with
the liquid refrigerant. This results in almost no
heat exchange taking place in the heat exchanger
7 between the heat source (such as outdoor air)
and the refrigerant. Consequently, all the energy
of the gaseous refrigerant of high temperature
can be released into the hot water supply heat
accumulating tank 3, thereby increasing the hot
water supply performance. To increase the
amount of the refrigerant flowing through the
refrigeration circuit in circulation, the pressure in
the refrigerant tank 10 is lowered by opening the
first on-off valve 11a and closing the ‘second on-
off valve 11b.

The operation of performing hot water supply
without performing space cooling is as follows.
The operation is similar to that described by
referring to hot water supply and space cooling
operation, and one only has to store unnecessary
cooling capabilities in the space cooling and
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heating heat accumulating tank 5 in the form of
accumulated heat.

The operation of performing space heating
without performing hot water supply is as
follows. In this case, the first on-off valve 11a is
closed and second on-off valve 11b is opened to
allow the refrigerant to collect in the refrigerant
tank 10 and reduce the amount of the refrigerant
flowing through the refrigeration circuit in circula-
tion. As the amount of the refrigerant flowing in
circulation through the refrigeration circuit
decreases, the outdoor heat exchanger 7 func-
tions as a condenser, so that the condenser
increases in size because both the first indoor
heat exchanger 4 and outdoor heat exchanger 7
both function as condensers. As a result, the
condensing pressure {discharge pressure) falls.
As the satutation temperature of the refrigerant
falls to a level below the water temperature t,,
almost no heat exchange takes place in the first
indoor heat exchanger 4, thereby avoiding a
further raise of the temperature t; of warm water
in the hot water supply heat accumulating tank 3.

In the constructional form shown in Fig. 1 and
described hereinabove, the first on-off valve 11a
is connected to the conduit 6b and the second on-
off valve 11b is connected to the conduit 7b.
However, the connections of the first and second
on-off valves 11a and 11b may be made as shown
in a modification shown in Fig. 2.

In the modification shown in Fig. 2, the first on-
off valve 11a’ connected at one end thereof to one
inlet and outlet port of the refrigerant tank 10 is
connected at an opposite end thereof to the
conduit 6a connecting the second indoor heat
exchanger 6 to the four-way valve 2, and the
second on-off valve 11b’ connected at one end
thereof to an opposite inlet and outlet port of the
refrigerant tank 10 is connected at an opposite
end thereof to the conduit 7a connecting the
outdoor heat exchanger 7 to the four-way valve 2.

Even if the first and second on-off valves 11a’
and 11b’ are connected as described here-
inabove, no change is caused to occur in the
function of the refrigerant tank 10 which performs
the function of regulating the amount of the
sealed-in refrigerant as described by referring to
the first embodiment shown in Fig. 1. Other parts
of the modification shown in Fig. 2 are similar to
those shown in Fig. 1 and designated by like
reference characters, so that their detailed
description will be omitted.

In another modification of the embodiment
shown in Fig. 1, the first on-off valve 113’ may be
located in a solid line position and the second on-
off valve 11b may be located in a broken line

position. In still another modification, the second

on-off valve 11b’ may be located in a solid line
position and the first on-off valve lla may be
located in a broken line position.

Fig. 3 shows another embodiment of the space
cooling and heating and hot water supplying
apparatus in accordance with the invention,
which is distinct from the embodiment shown in
Fig. 1 in that a third on-off valve 21 for bypassing
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is connected in parallel with the expansion valve
8, and a parallel circuit of a second expansion
valve 22 and a fourth on-off valve 23 for bypas-
sing is connected to the conduit 7a connecting the
outdoor heat exchanger 7 and four-way valve 2
together. Other parts are similar to those shown
in Fig. 1 and designated by like reference charac-
ters, so that their detailed description will be
omitted. In the figure, solid line arrows indicate
the directions of flow of the refrigerant in a space
heating mode and broken line arrows indicate the
directions of flow of the refrigerant in a space
cooling mode. When space cooling is not needed
and only the hot water supply is needed in the
space cooling operation, the refrigerant flows
through the second expansion valve 22 and third
on-off valve 21 in directions indicated by double
broken line arrows. ’

The embodiment shown in Fig. 3 operates in
the same manner as described by referring to the
embodiment shown in Fig. 1 in the operation of
simultaneously performing space heating and hot
water supply, the operation of performing space
heating without performing hot water supply, the
operation of performing hot water supply without
performing space heating, the operation of simul-
taneously performing space cooling and hot
water supply and the operation of performing
space cooling without performing hot water
supply. When the aforesaid operations are per-
formed in the refrigeration circuit shown in Fig. 3,
the third on-off valve 21 is closed and the fourth
on-off valve 23 is opened.

The operation of performing hot water supply
without performing space cooling will be
described. The first on-off vaive lla is opened and
the second on-off valve Ilb is closed. When it is
impossible to store, in the form of accumulated
heat, cooling capabilities produced by the second
indoor heat exchanger 6 for cooling (heating) or it
is desired to avoid damage to the heat accumulat-
ing tank 5 or conduits which might occur when
the water in the tank 5 freezes, the fourth on-off
valve 23 is closed and the third on-off valve 21 is
opened. At this time, the refrigerant flows in
directions indicated by double broken lines. More
specifically, the refrigerant of high temperature
released from the compressor 1 gives off heat in
the first indoor heat exchanger 4 for hot water
supply and is condensed into a liquid state, and
the liquid refrigerant flows through the four-way
valve 2 to the second expansion valve 22 where it
has its pressure reduced. From the expansion
valve 22, the refrigerant flows to the outdoor heat
exchanger 7 where it absorbs heat from a heat
source {such as air) and undergoes vapaorization
to change into gaseous refrigerant which flows
through the third on-off valve 21 to the second
indoor heat exchanger 6 for cooling ({heating)
where it is slightly super-heated before flowing
through the four-way valve 2 to the compressor 1.
As the refrigerant flows as described here-
inabove, almost no cooling operation is per-
formed by the second indoor heat exchanger 6,
and freezing of the cold water in the heat



11 EP 0134 015 Bi 12

accumulating tank 5 can be avoided, thereby
keeping the parts from suffering damage.

In the constructional form shown in Fig. 3, the
first on-off valve 11a is connected to the conduit
6b and the second on-off valve 11b is connected
to the conduit 7b. However, the connections of
the two on-off vaives 11a and 11b may be made
as shown in Fig. 4 which illustrates a modification
of the embodiment shown in Fig. 3. In Fig. 4, the
first on-off valve 11a’ connected at one end
thereof to the refrigerant tank 10 is connected at
an opposite end thereof to the conduit 6a, and the
second on-off valve 11b’ connected at one end
thereof to the refrigerant tank 10 is connected at
an opposite end thereof to the conduit 7a con-
necting a junction 25 of the second expansion
valve 22 and the fourth on-off valve 23 to the four-
way valve 2. The first on-off valve 11a’ may be
located in a solid line position, and the second on-
off valve 11b may be located in a broken line
position. Alternatively, the first on-off valve 11a
may be located in a broken line position and the
second on-off valve 11b’ may be located in a solid
line position. Other parts are similar to those
which are shown in Fig. 3 and designated by like
reference characters, so that their detailed
description will be omitted. The refrigerant tank
10 shown in Fig. 4 performs the same function as
the refrigerant tank 10 shown in Fig. 3 for regulat-
ing the amount of the refrigerant sealed in the
refrigeration circuit.

Claims

1. A space cooling and heating and hot water
supplying apparatus comprising a compressor
(1), a first indoor heat exchanger (3) for hot water
supply connected at one end thereof to the
compressor (1) at its discharge side via a conduit
{1a), a second indoor heat exchanger (6) for space
cooling and heating and an outdoor heat
exchanger (7) each switchingly connected at one
end thereof via a four-way (2} valve to an opposite
end of the first indoor heat exchanger (3} and a
suction side of the compressor (1) via conduits
(7a, ib, 4a, 6a), and an expansion vaive (8) con-
necting together opposite ends of the second
indoor heat exchanger (6) and outdoor heat
exchanger (7) via conduits (6b, 7b), characterized
by further comprising:

a first on-off valve (11a) and a second on-off
valve (11b) operating in reverse actions con-
nected at one end thereof to inlet and outlet ports
of a refrigerant tank (10} for regulating the
amount of a sealed-in referigerant and at an
opposite end thereof to a lower pressure conduit
(7b) and a higher pressure conduit (6b), respec-
tively, connected together by the expansion valve
(8) located at their boundary, and wherein the
apparatus operates such that in a space heating
mode, the refrigerant tank (10) is brought into
communication with the lower pressure conduit
{7b) when space heating and hot water supply are
both needed and when only the hot water supply
is needed, the refrigerant tank (10) is brought into
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communication with the higher pressure conduit
(6b) when only the space heating is needed, and
in a space cooling mode, the refrigerant tank (10)
is brought into communication with the lower
pressure conduit (7b) when space cooling and hot
water supply are both needed and when only the
hot water supply is needed, and the refrigerant
tank (10) is brought into communication with the
higher pressure conduit (6b) when only the space
cooling is needed.

2. A space cooling and heating and hot water
supplying apparatus as claimed in claim 1,
wherein the higher pressure conduits (6b) and
lower pressure conduits (7b) comprise a conduit
connecting the expansion vaive (8} to the four-
way valve (2) via the second indoor heat
exchanger (6), and a conduit connecting the
expansion valve (8) to the four-way valve (2) via
the outdoor heat exchanger (7}, respectively.

3. A space cooling and heating and hot water
supplying apparatus as claimed in claim 1,
wherein the first on-off valve (11a’} is connected
to the conduit connecting the expansion valve (8)
to the four-way valve (2) via the second indoor
heat exchanger (6), and the second on-off valve
{11b’) is connected to the conduit connecting the
expansion valve (8) to the four-way valve (2) via
the outdoor heat exchanger (7}, and wherein in
the space heating mode, the first on-off valve
{11a’) is closed and the second on-off valve (11b’)
is opened when space heating and hot water
supply are both needed and when only the hot
water supply is needed and the first on-off valve
(11a’') is opened and the second on-off valve
{11b’) is closed when only the space heating is
needed, and in the space cooling mode, the first
on-off valve {11a’} is opened and the second on-
off valve (11b'} is closed when space cooling and
hot water supply are both needed and when only
the hot water supply is needed, and the first on-
off valve (11a’) is closed and the second on-off
valve (11b’) is opened when only the space
cooling is needed. .

4. A space cooling and heating and hot water
supplying apparatus as claimed in claim 1,
wherein the first indoor heat exchanger (3) is
located within a heat accumulating tank (3) for hot
water supply.

5. A space cooling and heating and hot water
supplying apparatus as claimed in claim 1,
wherein the second indoor heat exchanger (6} is
located within a heat accumulating tank (5) for
space cooling and heating.

6. A space cooling and heating and hot water
supplying apparatus as claimed in claim 1, further
comprising a third on-off valve (21) connected in
parallel with the expansion valve (8} via a conduit,
and a parallel circuit of a second expansion valve
(22) and a fourth on-off valve (23) connected to a
conduit {25) connecting the four-way valve (2) to
the outdoor heat exchanger (7), and wherein in
the space cooling mode, the third on-off valve (21)
is opened and the fourth on-off (23) valve is
closed when only the hot water supply is needed
and in other operation modes, the third on-off
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valve (21} is closed and the fourth on-off valve (23)
is opened.

Patentanspruche

1. Vorrichtung zum Kihlen und Heizen eines
Raums und zur Warmwasserversorgung mit
einem Kompressor (1), mit einem ersten Innen-
raumwaérmeaustauscher (3) flr die Warmwasser-
versorgung, der an seinem einen Ende mit dem
Kompressor {1) an dessen Forderseite (ber eine
Leitung (1a) verbunden ist, mit einem zweiten
Innenraumwarmeaustauscher (6) zum Kiihlen und
Heizen des Raums, und mit einem Auf3enraum-
wirmeaustauscher (7), von denen jeder, an sei-
nem einen Ende {iber ein Vier-Wege-Ventil (2} mit
einem gegeniiberliegenden Ende des ersten
Innenraumwarmeaustauschers (3) und einer
Ansaugseite des Kompressors (1) iber Leitungen
(7a, 1b, 4a, 6a) umschaltbar verbunden ist, und mit
einem Expansionsventil {8), das die gegeniberlie-
genden Enden des zweiten Innenraumwarmeaus-
tauschers (6) und des AuRenraumwérmeaustau-
schers (7) Uber Leitungen (6b, 7b) miteinander
verbindet, gekennzeichnet durch ein erstes Schalt-
ventil, {11a) und ein zweites Schaltventil (11b), die
mit Gegenwirkungen arbeiten und an ihrem einen
Ende mit EinlaR- und AuslaBoéffnungen eines
Kaltemittelbehditers (10) zur Regulierung der
Menge eines dicht eingeschlossenen Kéltemittels
und an einem gegentiiberliegenden Ende mit einer
Leitung (7b) mit niedrigerem Druck bzw. einer
Leitung (6b) mit hdherem Druck verbunden sind,
die (ber das Expansionsventil (8), das an ihrer
Grenze angeordnet ist, zusammengeschiossen
sind, wobei die Vorrichtung so arbeitet, dall im
Raumbheizungsmodus der Kaltemittelbehalter (10)
in Verbindung mit der Leitung (7b) mit dem
niedrigeren Druck gebracht wird, wenn sowohi die
Raumbheizung als auch die Warmwasserversor-
gung bendtigt werden und wenn nur die Warm-
wasserversorgung erforderlich ist, und der Kélte-
mittelbehalter (10) in Verbindung mit der Leitung
(6b) mit dem hdheren Druck gebracht wird, wenn
nur die Raumheizung bendétigt wird, und daf’ beim
Raumkithlungsmodus der Kaltemittelbehéiter (10)
in Verbindung mit der Leitung (7b} mit dem
niedrigeren Druck gebracht wird, wenn sowohl die
Raumkiihlung als auch die Warmwasserversor-
gung bendétigt werden und wenn nur die Warm-
wasserversorgung erforderlich ist, und der Kalte-
mittelbehalter (10) in Verbindung mit der Leitung
{6b) mit dem héheren Druck gebracht wird, wenn
nur die Raumk{ihlung benétigt wird.

2. Vorrichtung zum Kiihlen und Heizen eines
Raums und fiir die Warmwasserversorgung nach
Anspruch 1, bei weicher die Leitungen (6b} mit
dem hdheren Druck und die Leitungen (7b) mit

dem niedrigeren Druck, eine Leitung, die das

Expansionsventil {8) mit dem Vier-Wege-Ventil (2)
{iber den zweiten Innenraumwirmeaustauscher
(6) verbindet, bzw. eine Leitung aufweisen, die das
Expansionsventil (8) mit dem Vier-Wege-Ventil (2)
(iber den Aussenraumwirmeaustauscher (7)
verbindet.
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3. Vorrichtung zum Kiihlen und Heizen eines
Raums und fiir die Warmwasserversorgung nach
Anspruch 1, bei welcher das erste Schaltventil
(11a’) an die Leitung angeschlossen ist, die das
Expansionsventil {8} mit dem Vier-Wege-Ventil {2)
{iber den zweiten Innenraumwarmeaustauscher
(6) verbindet, und das zweite Schaltventil (11b’) an
die Leitung angeschlossen ist, die das Expansions-
ventil (8) mit dem Vier-Wege-Ventil (2) Gber den
AuRenraumwérmeaustauscher (7) verbindet,
wobei im Raumheizungsmodus das erste Schalt-
ventil (11a’} geschlossen und das zweite Schalit-
ventil {11b’) gedffnet ist, wenn sowohl Raumhei-
zung als auch Warmwasserversorgung erforder-
lich sind und wenn nur die Warmwasserversor-
gung bendtigt wird, und das erste Schaltventil
{11a’) offen und das zweite Schaltventil {11b’)
geschlossen ist, wenn nur der Raumheizungsmo-
dus bendétigt wird, und in dem Raumkiihimodus
das erste Schaltventil {11a’) offen und das zweite
Schaltventil {(11b’} geschlossen ist, wenn sowohi
Raumkihlung als auch Warmwasserversorgung
bendtigt werden und wenn nur die Warmwasser-
versorgung erforderlich ist, und das erste Schalt-
ventil (11a’) geschlossen und das zweite Schalt-
ventil (11b’) offen ist, wenn nur die Raumkiihlung
bendtigt wird.

4. Vorrichtung zum Kiihlen und Heizen eines
Raums und fir die Warmwasserversorgung nach
Anspruch 1, bei welcher der erste Innenraumwér-
meaustauscher (3} in einem wérmespeichernden
Behilter (3) fur die Warmwasserversorgung ange-
ordnet ist. -

5. Vorrichtung zum Kdhlen und Heizen eines
Raums und fiir die Warmwasserversorgung nach
Anspruch 1, bei welcher der zweite Innenraum-
wiérmeaustauscher {6) in einem wéarmespeichern-
den Behaiter (5} fiir die Raumkiihlung und -hei-
zung angeordnet ist.

6. Vorrichtung zum Kihlen und Heizen eines
Raums und fiir die Warmwasserversorgung nach
Anspruch 1 mit einem dritten Schaltventil (21}, das
parallel zu dem Expansionsventil {8) (iber eine
Leitung geschaltet ist, und mit einem Parallelkreis
mit einem zweiten Expansionsventil (22) und
einem vierten Schaltventil (23), der mit einer
Leitung (25) verbunden ist, die das Vier-Wege-
Ventil (2) mit dem Auenraumwéarmeaustauscher
(7} verbindet, wobei im Raumktiihlungsmodus das
dritte Schaltventil (21) offen und das vierte Schalt-
ventil (23) geschlossen ist, wenn nur die Warm-
wasserversorgung benotigt wird, und in anderen
Betriebsarten das dritte Schaltventil {21) geschlos-
sen und das vierte Schaltventil {23} offen ist.

Revendications

1. Appareil de refroidissement et chauffage
d’espace et de fourniture d’eau chaude, compre-
nant un compresseur (1), un premier échangeur de
chaleur d‘intérieur (3) pour alimentation d'eau
chaude, relié & I'une de ses extrémités au compres-
seur (1), sur son coté de refoulement, par l'inter-
médiaire d’'une tuyauteric (1a), un second échan-
geur de chaleur d'intérieur (6) pour refroidisse-
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ment et chauffage d’espace et un échangeur de
chaleur d’extérieur (7) reliés chacun a l'une de
leurs extrémités, avec possibilité de commuta-
tion, par lintermédiaire d’un robinet & quatre
voies {2), & une extrémité opposée du premier
échangeur de chaleur d'intérieur (3) et & un c6té
d'aspiration du compresseur (1) par linter-
médiaire de tuyauterie (7a, 1b, 4a, 6a), et une
soupape de détente (8) reliant entre elles des
extrémités opposées du second échangeur de
chaleur d'intérieur (6} et de I'échangeur de cha-
leur d'extérieur (7) par Vintermédiaire de
tuyauteries (6b, 7b), caractérisé en ce qu'il com-
prend en outre une premiére vanne ouverte-
fermée (11a) et une deuxieme vanne ouverte-
fermée (11b} fonctionnant en sens inverses et
reliées a I'une de leurs extrémités a des orifices
d’entrée et de sortie d'un réservoir de refrigérant
(10) en vue d’assurer la régulation de la quantité
d’un réfrigérant scellé, et a leurs autres extrémités
respectivement & une tuyauterie & plus basse
pression (7b} et & une tuyauterie & plus haute
pression (6b) réunies entre elles par la soupape
de détente (8) disposée & I’'endroit ol elles se
rejoignent, l'appareil fonctionnant de fagon telle
que, dans un mode de chauffage d’espace, le
réservoir de réfrigérant {10) est mis en communi-
cation avec la tuyauterie 3 plus basse pression
{7b) lorsqu’on a besoin & la fois du chauffage
d’espace et de la fourniture d’eau chaude, ainsi
que lorsqu’on a seulement besoin de la fourniture
d’eau chaude, ce réservoir de réfrigérant (10) est
mis en communication avec la tuyauterie a plus
haute pression (6b) lorsqu’on a seulement besoin
du chauffage d'espace, et, dans un mode de
refroidissement d’espace, le réservoir de réfrigé-
rant (10) est mis en communication avec la
tuyauterie & plus basse pression (7b) forsqu’on a
besoin 3 la fois du refroidissement d'espace et de
la fourniture d’eau chaude, ainsi que lorsqu’on a
seulement besoin de la fourniture d’eau chaude,
et ce réservoir de refrigérant {10) est mis en
communication avec la tuyauterie & plus haute
pression (6b) lorsqu’on a seulement besoin du
refroidissement d'espace.

2. Appareil de refroidissement et chauffage
d’espace et de fourniture d’eau chaude suivant la
revendication 1, dans lequel la tuyauterie a plus
haute pression (6b) et la tuyauterie & plus basse
pression (7b) comprennent respectivement une
tuyauterie reliant la soupape de détente (8) au
robinet & quatre voies (2) par I'intermédiaire du
second échangeur de chaleur d’intérieur (6) et
une tuyauterie reliant cette soupape de détente
(8) & ce robinet & quatre voies )2) par I'intermé-
diaire de I’échangeur de chaleur d’extérieur (7).

3. Appareil de refroidissement et chauffage
d'espace et de fourniture d'eau chaude suivant la
revendication 1, dans lequel la premiére vanne
ouverte-fermée (11a’) est branchée sur la
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tuyauterie reliant la soupape de détente (8) au
robinet & quatre voies (2) par l'intermédiaire du
second échangeur de chaleur d'intérieur {6) et la
deuxidme vanne ouverte-fermée ({11b’) est
branchée sur la tuyauterie reliant cette soupape
de détente (8) a ce robinet & quatre voies (2) par
I'intermédiaire de I'échangeur de chaleur d'exté-
rieur (7), et dans lequel, dans le mode de chauf-
fage d’'espace, la premiére vanne ouverte-fermée
(11a’} est formée et la deuxiéme vanne ouverte-
fermée (11b’) est ouverte lorsqu’on a besoin a la
fois du chauffage d'espace et de la fourniture
d'eau chaude, ainsi que lorsqu‘on a seulement
besoin de {a fourniture d’eau chaude, et ia pre-
miére vanne ouverte-fermée (11a’) est ouverte et
la deuxieme vanne ouverte-fermée (11b’) est
fermée lorsqu‘on a seulement besoin du chauf-
fage d’espace et, dans le mode de refroidisse-
ment d’espace, la premiére vanne ouverte-fermée
(11a’) est ouverte et la deuxiéeme vanne ouverte-
fermée (11b’) est fermée lorsqu’on a besoin a la
fois du refroidissement d’espace et de la fourni-
ture d’eau chaude, ainsi que lorsqu’on a seule-
ment besoin de la fourniture d'eau chaude, et la
premiére vanne ouverte-fermée {11a’) est fermée
et la deuxisme vanne ouverte-fermée {11b’) est
ouverte lorsqu‘on a seulement besoin du refroi-
dissement d'espace.

4. Appareil de refroidissement et chauffage
d’espace et de fourniture d’eau chaude suivant la
revendication 1, dans lequel le premier échangeur
de chaleur d‘intérieur (3) est disposé a I'intérieur
d’un réservoir d'accumulation de chaleur (3) des-
tinée & l'alimentation en eau chaude.

5. Appareil de refroidissement et chauffage
d’espace et de fourniture d’eau chaude suivant la
revendication 1, dans lequel le second échangeur
de chaleur d‘intérieur (6) est disposé a l'intérieur
d’un réservoir d’accumulation de chaleur (5) des-
tinée au refroidissement et au chauffage d’es-
pace.

6. Appareil de refroidissement et chauffage
d'espace et de fourniture d'eau chaude suivant la
revendication 1, comprenant en outre une troi-
siéme vanne ouverte-fermée (21) branchée en
paralléle sur ia soupape de détente (8) par l'inter-
médiaire d’une tuyauterie, et un circuit paralléle
formé d’une seconde soupape de détente (22) et
d’'une quatrigme vanne ouverte-fermée (23) et
branghé sur un tuyauterie (25) reliant le robinet &
quatre voies {2) a I'échangeur de chaleur d'exté-
rieur (7), et dans lequel, dans fe mode de refroidis-
sement des locaux, la troisiéme vanne ouverte-
fermée (21) est ouverte et la quatriéme vanne
ouverte-fermée (23) est fermée lorsqu’on a seule-
ment besoin de la fourniture d'eau chaude et,
dans les autres modes de fonctionnement, la
troisiéme vanne ouverte-fermée (21) est fermée et
la quatrigme vanne ouverte-fermée (23) est
ouverte.
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