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AIR CONDITIONING/HOT WATER SUPPLY SYSTEM AND CONTROL METHOD FOR AIR

CONDITIONING/HOT WATER SUPPLY SYSTEM

(67)  Acontrol device (1a) calculates an air condition-
ing heat radiating amount, a hot-water supply heat ab-
sorbing amount, a target condensation temperature at
an air conditioning refrigerant circuit (5), and a target
evaporation temperature at a hot-water supply refriger-
ant circuit (6) in a case where a cooling operation by an
air conditioning cycle and a hot-water supply operation
by a hot-water supply cycle are simultaneously executed
in order to provide an air conditioning and hot-water sup-
ply system which can preferably distribute a refrigerant
ina cycle having alarge heat amount to a heat exchanger
for recovering exhaust heat, and a heat exchanger for
exhaust heat in an exhaust heat recovery operation and

a control method of the air conditioning and hot-water
supply system. There is provided an air conditioning and
hot-water supply system in which in a case where the air
conditioning heat radiating amount is larger than the hot-
water heat absorbing amount, the control device (1a)
closes a hot-water supply refrigerant flow rate adjusting
valve (49a) arranged at a hot-water supply refrigerant
inlet (44a) of a hot-water supply side heat exchanger (44)
and adjusts a valve opening degree of an air conditioning
refrigerant flow rate adjusting valve (35c) arranged at a
cooling time air conditioning refrigerant inlet (24a) of an
air conditioning heat source side heat exchanger (24)
based on a temperature of a vicinity of a cooling time air
conditioning refrigerant outlet (24b).
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Description
Technical Field

[0001] The present invention relates to an air condi-
tioning and hot-water supply system having multi-heat-
sources which is configured with a two-element refriger-
ating cycle of an air conditioning cycle and a hot-water
supply cycle by heat-exchangeably connecting an air
conditioning refrigerant circuit and a hot-water supply re-
frigerant circuit to each other via an intermediate heat
exchanger and a control method of an air conditioning
and hot-water supply system.

Background Art

[0002] There is a widely-known air conditioning and
hot-water supply system having a multi-heat-sources
two-element refrigerating cycle configured by an air con-
ditioning cycle which can carry out a cooling operation
and a heating operation and a hot-water supply cycle
which can carry out a hot-water supply operation by con-
necting an air conditioning refrigerant circuit and a hot-
water supply refrigerant circuit heat-exchangeably via an
intermediate heat exchanger (refer to, for example, Pat-
ent Literatures 1, 2).

Patent Literature 1 discloses a heat pump system which
includes a high temperature cycle (hot-water supply cy-
cle) that carries out high temperature outputting, and a
medium temperature cycle (air conditioning cycle) that
carries out medium temperature outputting or low tem-
perature outputting, and in which an evaporator of the
high temperature cycle and a condenser of the medium
temperature cycle are configured to be able to exchange
heat. According to a technology disclosed in Patent Lit-
erature 1, an operation (exhaust heat recovery operation)
can be carried out such that exhaust heat of the medium
temperature cycle is effectively utilized in the high tem-
perature cycle, and an economic operation can be carried
out.

[0003] Also, Patent Literature 2 discloses an air-con-
ditioner which can carry out a heating and cooling oper-
ation, a hot-water supply operation, a cool storage oper-
ation, a heating and cooling and hot-water supply oper-
ation or the like. According to a technology disclosed in
Patent Literature 2, the respective operations described
above can be switched by including plural switching
valves and expansion valves. According to the technol-
ogy disclosed in Patent Literature 2, the respective op-
erations can efficiently be switched.

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Unexamined Patent
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Application Publication No. Hei4(1992)-32669
Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2005-299935

Summary of Invention
Technical Problem

[0005] However, according to the heat pump system
disclosed in Patent Literature 1, exhaust heat of the me-
dium temperature cycle can be utilized as a heat source
of the high temperature cycle only when an exhaust heat
amount of the medium temperature cycle is larger than
a heat absorbing amount of the high temperature cycle.
In other words, the exhaust heat of the medium temper-
ature cycle can be utilized for the heat source of the high
temperature cycle, and the exhaust heat recovery oper-
ation can be carried out only in a case where a load of
the medium temperature cycle (air conditioning load) is
high.

For example, there is a case where the air-conditioning
load is low in an air-conditioning operation for air-condi-
tioning a space having a small internal heat generation
such as a space having high insulating performance or
a space of few dwellers or the like, or an air-conditioning
operation in a state of a low outdoor temperature at night-
time. In such a case, the load of the high temperature
cycle (hot-water supply load) may exceed the air condi-
tioning load.

The technology disclosed in Patent Literature 1 poses a
problem that a high temperature cycle cannot be oper-
ated asrequested only by the exhaust heat of the medium
temperature cycle in such a case.

[0006] Also, the air-conditioner disclosed in Patent Lit-
erature 2 is configured such that a cascade condenser
(intermediate heat exchanger) of recovering exhaust
heat of a main cycle (air conditioning cycle) and an out-
door heat exchanger (air conditioning heat source side
heat exchanger) of the main cycle are arranged in par-
allel, and the exhaust heat recovery operation can be
carried out by delivering heat to a sub cycle (hot-water
supply cycle) by recovering exhaust heat of the main cy-
cle by the cascade condenser by simultaneously oper-
ating the cascade condenser and the outdoor heat ex-
changer.

It is necessary to recover a necessary heat amount of
the exhaust heat of the main cycle having a large heat
amount by the cascade condenser and exhaust a super-
fluous heat amount from the outdoor heat exchanger for
the exhaust heat in order to recover the exhaust heat of
the main cycle which carries out the cooling operation by
the cascade condenser to utilize as the heat source of
the sub cycle. That is, it is necessary to preferably dis-
tribute a refrigerant which flows by including the heat of
the main cycle to the cascade condenser and the outdoor
heat exchanger (heat exchanger for the exhaust heat).

However, Patent Literature 2 does not disclose a tech-
nology of preferably distributing the refrigerant to the cas-
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cade condenser and the outdoor heat exchanger in the
main cycle.

[0007] Hence, itisthe problem of the presentinvention
to provide an air conditioning and hot-water supply sys-
tem which can preferably distribute arefrigerantin acycle
having a large heat amount to a heat exchanger for re-
covering exhaust heat and a heat exchanger for exhaust
heatin the exhaust heat recovery operation and a control
method of the air conditioning and hot-water supply sys-
tem.

Solution to Problem

[0008] In order to resolve the above-described prob-
lem, the present invention is an air conditioning and hot-
water supply system including an air conditioning refrig-
erant circuit configuring an air conditioning cycle by cir-
culating an air conditioning refrigerant, a hot-water supply
refrigerant circuit configuring a hot-water cycle by circu-
lating a hot-water supply refrigerant, and a control device,
further including an intermediate heat exchanger con-
nected in parallel with an air conditioning heat source
side heat exchanger for exchanging heat between the
air conditioning refrigerant and the atmosphere in the air
conditioning refrigerant circuit, and connected in parallel
with a hot-water supply heat source side heat exchanger
for exchanging heat between the hot-water supply refrig-
erant and the atmosphere in the hot-water supply refrig-
erant circuit for exchanging heat between the air condi-
tioning refrigerant and the hot-water supply refrigerant.
The air conditioning and hot-water supply system further
includes air conditioning refrigerant flow-in amount ad-
justing means for adjusting an amount of the air condi-
tioning refrigerant flowing into the air conditioning heat
source side heat exchanger or the intermediate heat ex-
changer in a cooling operation by the air conditioning
cycle, and means for measuring a temperature of an air
conditioning heat exchanger outlet for measuring a tem-
perature of an air conditioning heat exchanger outlet of
one ofthe air conditioning heat source side heatexchang-
er and the intermediate heat exchanger at which the
amount of the air conditioning refrigerant flowing into the
air conditioning heat source side heat exchanger or the
intermediate heat exchanger is adjusted in the cooling
operation, in which the control device calculates an air
conditioning heat radiating amount in the air conditioning
refrigerant circuit, a hot-water supply heat absorbing
amountin the hot-water supply refrigerant circuit, a target
condensation temperature at the air conditioning refrig-
erant circuit, and a target evaporation temperature at the
hot-water supply refrigerant circuit in a case where the
cooling operation by the air conditioning cycle and a hot-
water supply operation by the hot-water cycle are simul-
taneously executed, and when the air conditioning heat
radiating heat amount is larger than the hot-water heat
absorbing heat amount, the hot-water supply refrigerant
is blocked from flowing into the hot-water supply heat
source side heat exchanger by hot-water supply refrig-
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erant blocking means, and the amount of the hot-water
supply refrigerant blocking means, and the amount of the
air conditioning refrigerant flowing into the air condition-
ing heat source side heat exchanger or the intermediate
heat exchanger is adjusted by controlling the air condi-
tioning refrigerant flow-in amount adjusting means based
on the temperature of the air conditioning heat exchanger
outlet.

Advantageous Effects of Invention

[0009] According to the present invention, there can
be provided an air conditioning and hot-water supply sys-
tem which can preferably distribute a refrigerantin a cycle
having a large heat amount to a heat exchanger for re-
covering exhaust heat and a heat exchanger for exhaust
heatin an exhaust heat recovery operation and a control
method of the air conditioning and hot-water supply.

Brief Description of Drawings
[0010]

Fig. 1 is a system diagram of an air conditioning and
hot-water supply system according to the present
embodiment.

Fig. 2 is a diagram showing a state of an operation
mode of an air conditioning and hot-water supply
system.

Fig. 3 is a diagram showing the air conditioning and
hot-water supply system which carries out an ex-
haust heat recovery operation in a first operation
state.

Fig. 4 is a diagram showing the air conditioning and
hot-water supply system which carries out the ex-
haust heat recovery operation in a second operation
state.

Fig. 5 is a diagram showing the air conditioning and
hot-water supply system which carries out the ex-
haust heat recovery operation in a third operation
state.

Fig. 6 is a flowchart showing a procedure of the ex-
haust heat recovery operation.

Fig. 7 is a flowchart showing a procedure of the ex-
haust heat recovery operation in the first operation
state.

Fig. 8 is a flowchart showing a procedure of the ex-
haust heat recovery operation in the second opera-
tion state.

Fig. 9 is a flowchart showing a procedure of the ex-
haust heat recovery operation in the third operation
state.

Fig. 10 is a diagram showing an air conditioning and
hot-water supply system according to an embodi-
ment including a refrigerant flow control valve at an
intermediate heat exchanger.
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Description of Embodiments

[0011] A detailed explanation will be given of an em-
bodiment of the presentinvention pertinently in reference
to the drawings as follows.

[0012] As shown in Fig. 1, an air conditioning and hot-
water supply system 100 according to the present em-
bodiment includes an air conditioning refrigerant circuit
5 which carries out an operation by switching a cooling
operation and a heating operation by driving an air con-
ditioning refrigerant compressor 21, a hot-water supply
refrigerant circuit 6 which carries out a hot-water supply
operation by driving a hot-water supply compressor 41,
an air conditioning cold/hot-water circulating circuit 8
which carries out air conditioning of an indoor portion of
a residence 60, a hot-water supply flow path 9 which
carries out hot-water supply by exchanging heat with the
hot-water supply refrigerant circuit 6, and a control device
1a which controls the respective operations. This is a
system in which a two-element refrigerating cycle of an
air conditioning cycle and a hot-water supply cycle is con-
figured by thermally connecting the air conditioning re-
frigerant circuit 6 and the hot-water supply refrigerant cir-
cuit 6 via an intermediate heat exchanger 23 which is a
heat exchanger for recovering exhaust heat.
Hereinafter, the cooling operation and the heating oper-
ation indicate a cooling operation and a heating operation
of the air conditioning cycle configured by including the
air conditioning refrigerant circuit 5. Also, the hot-water
supply operation indicates a hot-water supply operation
of the hot-water supply cycle configured by including the
hot-water supply refrigerant circuit 6.

[0013] The air conditioning and hot-water supply sys-
tem 100 is configured by including a heat pump unit 1
arranged at an outdoor portion of the residence 60 and
an indoor unit 2 arranged at an indoor portion thereof.
The heat pump unit 1 is integrated with the air condition-
ing refrigerant circuit 5, the hot-water supply refrigerant
circuit 6, the air conditioning cold/hot water circulating
circuit 8, the hot-water supply flow path 9, and the control
device 1a.

The indoor unit 2 includes an indoor heat exchanger 61
which carries out heat exchange between indoor air of
the residence 60 and cold/hot water which flows in the
air conditioning cold/hot water circulating circuit 8.
[0014] The air conditioning refrigerant circuit 5 is a cir-
cuit which is configured with a refrigerating cycle (air con-
ditioning cycle) by circulating a refrigerant for air condi-
tioning (hereinafter, air conditioning refrigerant). The cir-
cuit is configured to connect an air conditioning heat
source side heat exchanger 24 which exhausts heat by
exchanging heat between the atmosphere blown by an
air conditioning outdoor fan 25 and the air conditioning
refrigerant to an air conditioning refrigerant main circuit
5a which is connected with the air conditioning compres-
sor 21 which compresses the air conditioning refrigerant,
a four-way valve (air conditioning flow path switching
valve) 22 which switches a flow path of the air condition-
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ingrefrigerant, the intermediate heat exchanger 23 which
exchanges heat between a refrigerant that circulates in
the hot-water supply refrigerant circuit 6 (hereinafter, hot-
water supply refrigerant) and the air conditioning refrig-
erant, an air conditioning refrigerant tank 26, an air con-
ditioning expansion valve 27 which reduces a pressure
of the air conditioning refrigerant, and an air conditioning
utilizing side heat exchanger 28 which exchanges heat
between air conditioning cold/hot water that circulates in
the air conditioning cold/hot water circulating circuit 8,
and the air conditioning refrigerant which circulates in the
air conditioning refrigerant circuit 5 in a ring-like shape
by a refrigerant pipe.

[0015] InFig. 1, itis configured that heatis exchanged
between the air conditioning refrigerant that circulates in
the air conditioning refrigerant circuit 5 and the air con-
ditioning cold/hot water that circulates in the air condi-
tioning cold/hot water circulating circuit 8, and heat is
exchanged between the air conditioning cold/hot water
and indoor air of the residence 60 by the indoor heat
exchanger 61. However, it may be configured that the air
conditioning cold/hot water circuit circulating circuit 8 is
not included and heat is exchanged directly between the
air conditioning refrigerant and the indoor air of the res-
idence 60.

[0016] Explaining the air conditioning refrigerant circuit
5 further in details, the air conditioning heat source side
heat exchanger 24 is connected by a refrigerant pipe to
be in parallel with the intermediate heat exchanger 23 at
aposition between the four-way valve 22 and the air con-
ditioning expansion valve 27 of the air conditioning re-
frigerant main circuit 5a, and an outlet and an inlet of the
air conditioning heat source side heat exchanger 24 are
arranged with a first control valve 35¢ and a second con-
trol valve 35d which respectively control a flow rate of
the air conditioning refrigerant.

Notation 24a of the air conditioning heat source side heat
exchanger 24 designates a cooling time air conditioning
refrigerant inlet (first air conditioning refrigerant inlet)
which becomes an inlet of the air conditioning refrigerant
in the cooling operation, and notation 24b designates a
cooling time air conditioning refrigerant outlet (first air
conditioning refrigerant outlet) which becomes an outlet
of the air conditioning refrigerant in the cooling operation.
The first control valve 35c which is included in the air
conditioning and hot-water supply system 100 according
to the present embodiment on a side of the cooling time
air conditioning refrigerantinlet 24a of the air conditioning
heat source side heat exchanger 24 is hereinafter re-
ferred to as the air conditioning flow rate adjusting valve
35c since the first control valve 35c is used as air condi-
tioning refrigerant flow-in amount adjusting means which
adjusts a flow-in amount of the air conditioning refrigerant
to the air conditioning heat source side heat exchanger
24 as described later.

Incidentally, the outlet and the inlet of the air conditioning
refrigerant of the air conditioning heat source side heat
exchanger 24 are reversed in the heating operation of
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the air conditioning cycle.

Specifically, the cooling time air conditioning refrigerant
outlet 20b becomes the inlet of the air conditioning re-
frigerant and the cooling time air conditioning refrigerant
inlet 24a becomes the outlet of the air conditioning re-
frigerant in the heating operation of the air conditioning
cycle.

A refrigerant which is suitable for a condition of use is
used from R410a, R134a, HFO1234yf, HFO1234ze,
CO,, and propane for the air conditioning refrigerant that
circulates in the air conditioning refrigerant circuit 5.
[0017] Next, an explanation will be given of respective
devices included in the air conditioning refrigerant circuit
5 mentioned above.

The air conditioning compressor 21 is preferably a com-
pressor of a variable delivery type which can control de-
livery. A piston type, a rotary type, a scroll type, a screw
type, or a centrifugal type one can be adopted as such
a compressor. According to the embodiment, the air con-
ditioning compressor 21 is made to be a scroll type com-
pressor, a delivery thereof can be controlled by an invert-
er control, and arotational speed thereofis made variable
from a low speed to a high speed.

[0018] As the air conditioning utilizing side heat ex-
changer 28, a heat exchanger which is configured such
that an air conditioning heat transfer pipe in which the air
conditioning refrigerant flows and an air conditioning
cold/hot water heat transfer pipe in which an antifreezing
fluid of water or brine (heat carrying medium on the air
conditioning utilizing side) flows are thermally brought
into contact with each other, or a plate type heat exchang-
er can be utilized.

The air conditioning refrigerant tank 26 is made to func-
tion as a fluid receiver which adjusts a circulating amount
of the air conditioning refrigerant that is changed by
switching the flow path of the air conditioning refrigerant
circuit 5.

The air conditioning expansion valve 27 is operated as
apressurereducing device and has a function of reducing
a pressure of the air conditioning refrigerant to a pre-
scribed pressure by adjusting a valve opening degree.
[0019] The air conditioning cold/hot water circulating
circuit 8 is a circuit in which water (heat carrying medium
on an air conditioning utilizing side) that exchanges heat
with the refrigerant that circulates in the air conditioning
refrigerant circuit 5 flows. This is a circuit configured in a
ring-like shape by connecting a four-way valve 53, an air
conditioning cold/hot water circulating pump 52, and the
indoor heat exchanger 61 installed at the residence 60
by an air conditioning cold/hot water pipe 55a having an
opening/closing valve 54a, connecting the indoor heat
exchanger 61 and the four-way valve 53 by an air con-
ditioning cold/hot water pipe 55b having an opening/clos-
ing valve 54b, and connecting the four-way valve 53 and
the air conditioning utilizing side heat exchanger 28 by
an air conditioning cold/hot water pipe 55c. Water (cold
water or hot water) which flows in the air conditioning
cold/hot water circulating circuit 8 cools or heats inside
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of the residence 60 by exchanging heat with indoor air
of the residence 60 via the indoor heat exchanger 61.
Here, brine of ethylene glycol or the like may be used in
place of water as a heat carrying medium on an air con-
ditioning utilizing side which flows in the air conditioning
cold/hot water circulating circuit 8. When brine is used,
the brine is applicable also at a cold district.

[0020] A phrase of "cold water" or "hot water" is used
as water which flows in the air conditioning cold/hot water
circulating circuit 8 in the following explanation. "Cold
water" indicates water which flows in the air conditioning
cold/hot water circulating circuit 8 in cooling operation,
and "hot water" indicates water which flows in the air
conditioning cold/hot water circulating circuit 8 in heating
operation.

[0021] The hot-water supply refrigerant circuit 6 is a
circuit which is configured with a refrigerant cycle (hot-
water supply cycle) by circulating a hot-water supply re-
frigerant. The circuit is configured to connect a hot-water
supply heat source side heat exchanger 44 which ex-
hausts heatby exchanging heat between the atmosphere
blown by a hot-water supply outdoor fan 45 and the hot-
water supply refrigerant to a hot-water supply main circuit
6a which connects the hot-water supply compressor 41
that compresses the hot-water supply refrigerant, a hot-
water supply utilizing side heat exchanger 42 that ex-
changes heat between water (hot-water supply) that
flows in the hot-water supply flow path 9 and the hot-
water supply refrigerant, a hot-water supply refrigerant
tank 46 that is made to function as a fluid receiver that
adjusts an amount of the hot-water supply refrigerant, a
hot-water supply expansion valve 43 thatreduces a pres-
sure of the hot-water supply refrigerant, and the interme-
diate heat exchanger 23 which exchanges heat between
the air conditioning refrigerant that circulates in the air
conditioning refrigerant circuit 5 and the hot-water supply
refrigerant in a ring-like shape by a refrigerant pipe.
[0022] Explaining the hot-water supply refrigerant cir-
cuit 6 further in details, the hot-water supply heat source
side heat exchanger 44 is connected to be in parallel with
the intermediate heat exchanger 23 by a refrigerant pipe
at a position between the hot-water supply expansion
valve 43 and the hot-water supply compressor 41 of the
hot-water supply refrigerant main circuit 6a. An outletand
an inlet of the hot-water supply heat source side heat
exchanger 44 are respectively arranged with a third con-
trol valve 49a and a fourth control valve 49c which re-
spectively control a flow rate of the hot-water supply re-
frigerant.

In the hot-water supply heat source side heat exchanger
44, notation 44a designates a hot-water supply refriger-
ant inlet (first hot-water supply refrigerant inlet) and no-
tation 44b designates a hot-water supply refrigerant out-
let (first hot-water supply refrigerant outlet).

The third control valve 49a which is included on a side
of the hot-water supply refrigerant inlet 44a of the hot-
water supply heat source side heat exchanger 44 is here-
inafter referred to as the hot-water supply refrigerant flow
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rate adjusting valve 49a since the hot-water supply re-
frigerant flow rate adjusting valve 49a is used as hot-
water supply refrigerant flow-in amount adjusting means
that adjusts a flow-in amount of the hot-water supply re-
frigerant flowing to the hot-water supply heat source side
heat exchanger 44 in the air conditioning and hot-water
supply system 100 according to the present embodiment
as described later.

A refrigerant which is suitable for a condition of use is
used from R410a, R134a, HFO1234yf, HFO1234ze,
CO,, and propane for the hot-water supply refrigerant
which circulates in the hot-water supply refrigerant circuit
6.

[0023] Next, an explanation will be given of respective
devices included in the hot-water supply refrigerant cir-
cuit 6 described above.

It is preferable for the hot-water supply compressor 41
that a delivery can be controlled by an inverter control
and a rotational speed is variable from a low speed to a
high speed similar to the air conditioning compressor 21.
The hot-water supply utilizing side heat exchanger 42
which is configured such that s hot-water supply water
heattransfer pipe in which water supplied to the hot-water
supply flow path 9 flows and a hot-water supply refriger-
ant heat transfer pipe in which the hot-water supply re-
frigerant flows are thermally brought into contact with
each other can be utilized although not illustrated.

The hot-water supply expansion valve 43 can reduce a
pressure of the hot-water supply refrigerant to a pre-
scribed pressure by adjusting a valve opening degree.
[0024] An outlet and an inlet of the intermediate heat
exchanger 43 of the air conditioning refrigerant circuit 5
respectively include opening/closing valves 35aand 35b.
Notation 23a of the intermediate heat exchanger 23 des-
ignates a cooling time air conditioning refrigerant inlet
(second air conditioning refrigerant inlet) which becomes
an inlet of the air conditioning air refrigerant in cooling
operation, and notation 23b designates a cooling time air
conditioning outlet (second air conditioning refrigerant
outlet) which becomes an outlet of the air conditioning
refrigerant in cooling operation.

An opening/closing valve 49b is arranged at a hot-water
supply refrigerant inlet (second hot-water supply refrig-
erant inlet) 23c which becomes an inlet of the hot-water
supply refrigerant in hot-water supply operation, and an
opening/closing valve 49d is arranged at a hot-water sup-
ply refrigerant outlet (second hot-water supply refrigerant
outlet) 23d which becomes an outlet of the hot-water sup-
ply refrigerant in the intermediate heat exchanger 23.
Incidentally, the outlet and the inlet of the air conditioning
refrigerant are reversed in the intermediate heat ex-
changer 23 in heating operation in the air conditioning
cycle.

Specifically, the cooling time air conditioning refrigerant
outlet 23b becomes an inlet of the air conditioning refrig-
erant, and the cooling time air conditioning refrigerant
inlet 23a becomes an outlet of the air conditioning refrig-
erantin theintermediate heat exchanger 23 in the heating
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operation of the air conditioning cycle.

There is a case where a flow path resistance of the air
conditioning refrigerant flow path of the intermediate heat
exchanger 23 is larger than a flow path resistance of the
air conditioning heat source side heat exchanger 24 since
it is preferable to construct a flow path structure and a
path configuration such that the hot-water supply refrig-
erant which circulates in the hot-water supply refrigerant
circuit 6 can efficiently absorb heat.

Similarly, there is a case where a flow path resistance of
the hot-water supply refrigerant flow path of the interme-
diate heat exchanger is larger than a flow path resistance
of the hot-water supply heat source side heat exchanger
44 since it is preferable to construct a flow path structure
and a path configuration such that the air conditioning
refrigerant which circulates in the air conditioning refrig-
erant circuit 5 can efficiently radiate heat.

Therefore, the air conditioning heat source side heat ex-
changer 24 and the hot-water supply heat source side
heat exchanger 44 are constructed by a configuration in
which the refrigerants (air conditioning refrigerant, hot-
water supply refrigerant) flow more easily than in the in-
termediate heat exchanger 23.

[0025] The hot-water supply flow path 9 is a flow path
in which water as a heat carrying medium on a hot-water
supply utilizing side flows, and is a flow path which is
configured by connecting a water side inlet 42a of a hot-
water supply utilizing side heat exchanger 42 and the
water inlet 78 by a hot-water supply pipe 72, and con-
necting a water side outlet 42b of the hot-water supply
utilizing side heat exchanger 42 and a hot-water outlet
79 by a hot-water supply pipe 73. A hot-water supply tank
70 is provided at the hot-water supply pipe 73, and water
supplied from the water inlet 78 is heated by exchanging
heat with the hot-water supply refrigerant at the hot-water
supply utilizing side heat exchanger 42, becomes hot wa-
ter, and thereafter, is stored at the hot-water supply tank
70.

Hot water stored at the hot-water supply tank 70 is sup-
plied from the hot-water outlet 79 to a hot-water supply
load side (bathtub, lavatory, kitchen etc.). A drain pipe
71aand adrain valve 71b are installed at a bottom portion
of the hot-water supply tank 70. The drain valve 71b is
configured to be ordinarily closed, and opened based on
an instruction from the control device 1a to thereby dis-
charge hot water stored in the hot-water supply tank 70
to outside by flowing through the drain pipe 71a. The hot-
water supply flow path 9is installed with a flow rate sensor
(not illustrated) for detecting a flow rate of water or hot
water.

[0026] The air conditioning and hot-water supply sys-
tem 100 includes plural temperature sensors TH1
through TH23. Specifically, the water side inlet 42a of
the hot-water utilizing side heat exchanger 42 is installed
with the temperature sensor TH2, and the water inlet 78
is installed with the temperature sensor TH1, respective-
ly, in order to measure temperatures of water and hot
water flowing through the hot-water supply flow path 9.
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An inlet of water (heating time water side inlet 28a) of the
air conditioning utilizing side heat exchanger 28 in heat-
ing operation is installed with the temperature sensor
TH4, an outlet of water (heating time water side outlet
28b) of the air conditioning utilizing side heat exchanger
28 in heating operation is installed with the temperature
sensor TH3, and a refrigerant outlet 61b of the indoor
heat exchanger 61 is installed with the temperature sen-
sor TH5, respectively, in order to measure temperatures
of cold water and hot water flowing through the air con-
ditioning cold/hot water circulating circuit 8. Notation 61a
designates a refrigerant inlet of the indoor heat exchang-
er 61.

[0027] A suction port 41a and a delivery port 41b of
the hot-water supply compressor 41 are respectively in-
stalled with temperature sensors TH6 and TH7, and an
outlet of the hot-water supply expansion valve 43 is in-
stalled with the temperature sensor TH8 in orderto meas-
ure a temperature of the hot-water supply refrigerant
which flow through the hot-water supply refrigerant circuit
6. The hot-water supply refrigerant outlet 44b of the hot-
water supply heat source side heat exchanger 44 is in-
stalled with the temperature sensor TH9, and the hot-
water supply refrigerant outlet 23d of the intermediate
heat exchanger 23 is installed with the temperature sen-
sor TH10, respectively.

[0028] A suction port 21a and a delivery port 21b of
the air conditioning compressor 21 are respectively in-
stalled with the temperature sensors TH11 and TH12,
the cooling time air conditioning refrigerant inlet 23a of
the intermediate heat exchanger 23 is installed with the
temperature sensor TH13, and the cooling time air con-
ditioning refrigerant outlet 23b is installed with the tem-
perature sensor TH14, respectively, in order to measure
a temperature of the air conditioning refrigerant which
flows through the air conditioning refrigerant circuit 5. An
outlet of the air conditioning expansion valve 27 in cooling
operation is installed with the temperature sensor TH17,
the cooling time air conditioning refrigerant inlet 24a of
the air conditioning heat source side heat exchanger 24
is installed with the temperature sensor TH15, the cooling
time air conditioning refrigerant outlet 24b is installed with
the temperature sensor TH16, and the cooling time air
conditioning refrigerant outlet 28d which becomes an air
conditioning refrigerant outlet of the air conditioning uti-
lizing side heat exchanger 28 in cooling operation is in-
stalled with the temperature sensor TH18, respectively.
Incidentally, notation 28c designates a cooling time air
conditioning refrigerant inlet which becomes an inlet of
the air conditioning refrigerant to the air conditioning uti-
lizing side heat exchanger in cooling operation.

[0029] The air conditioning and hot-water supply sys-
tem 100 according to the present embodiment also in-
cludes the temperature sensor TH19 which measures an
outdoor air temperature, the temperature sensor TH20
which measures an indoor temperature of the residence
60, and the temperature sensor TH21 which measures
atemperature of hot water stored in the hot-water supply
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tank 70.

[0030] The air conditioning compressor 21 is installed
with a rotational speed detecting sensor RA which de-
tects a rotational speed, and the hot-water supply com-
pressor 41 is installed with a rotational speed detecting
sensor RH which detects a rotational speed.

The air conditioning expansion valve 27 is installed with
a valve opening degree detecting sensor PA which de-
tects a valve opening degree, and the hot-water supply
expansion valve 43 is installed with a valve opening de-
gree detecting sensor PH which detects a valve opening
degree.

[0031] The air conditioning heat source side heat ex-
changer 24 of the air conditioning and hot-water supply
system 100 according to the present embodiment in-
cludes the temperature sensor TH22 as means for meas-
uring a temperature of the air conditioning heat exchang-
er outlet for measuring a temperature of the air condi-
tioning refrigerant at a vicinity of the cooling time air con-
ditioning refrigerant outlet 24b. The vicinity mentioned
here indicates a position in a path through which the air
conditioning refrigerant flows in the air conditioning heat
source side heat exchanger 24 which is nearer to the
cooling time air conditioning refrigerant outlet 24b than
a middle point of the route.

The temperature of the air conditioning refrigerant which
is measured by the temperature sensor TH22 is made
to be atemperature of the air conditioning heat exchanger
outlet of the air conditioning heat source side heat ex-
changer 24.

Similarly, the hot-water supply heat source side heat ex-
changer 44 is installed with the temperature sensor TH23
as means for measuring a temperature of the hot-water
supply heat exchanger outlet for measuring a tempera-
ture of the hot-water supply refrigerant at a vicinity of the
hot-water supply refrigerant outlet 44b. The vicinity men-
tioned here indicates a position of a path through which
the hot-water supply refrigerant flows in the hot-water
supply heat source side heat exchanger 44 which is near-
er to the hot-water supply refrigerant outlet 44b than a
middle point of the route.

The temperature of the hot-water supply refrigerant
which is measured by the temperature sensor TH23 is
made to be a temperature of the hot-water supply heat
exchanger outlet of the hot-water supply heat source side
heat exchanger 44.

[0032] The control device 1ais configured to be input-
ted with an instruction signal from a remote controller
(not illustrated), and detecting signals from the temper-
ature sensors TH1 through TH23, the rotational speed
detecting sensors RA and RH, and the valve opening
degree detecting sensors PA and PH. The control device
1a executes a control which is necessary for operating
the air conditioning and hot-water supply system 100 of
operation and stop of the air conditioning compressor 21
and the hot-water supply compressor 41, switching of
the four-way valves 22 and 53, setting of valve opening
degrees of the air conditioning expansion valve 27 and
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the hot-water supply expansion valve 43, setting of valve
opening degrees of the air conditioning refrigerant flow
rate adjusting valve 35c, the second control valve 35d,
the hot-water supply refrigerant flow rate adjusting valve
49a, and the fourth control valve 49c, driving and stop of
the air conditioning cold/hot water circulating pump 52,
opening and closing of the opening/closing valves 35a,
35b, 49b, 49d, 54a, and 54b and the like based on the
input signals.

[0033] Forexample, the air conditioning and hot-water
supply system 100 according to the present embodiment
can carry out "exhaust heat recovery operation" which
carries out cooling operation in the air conditioning cycle
and hot-water supply operation in the hot-water supply
cycle while exchanging heat between the air conditioning
refrigerant which flows through the air conditioning re-
frigerant circuit 5 and the hot-water supply refrigerant
which flows through the hot-water supply refrigerant cir-
cuit 6 via the intermediate heat exchanger 23 .

[0034] Basically, the air conditioning and hot-water
supply system is set to "first operation state" shown in
Fig. 2 in the exhaust recovery operation. That is, the hot-
water supply compressor 41 is operated, the hot-water
supply utilizing side heat exchanger 42 is used as a con-
denser, the hot-water supply heat source side heat ex-
changer 44 is not used, and the intermediate heat ex-
changer 23 is used as an evaporator in the hot-water
supply cycle. On the other hand, the air conditioning com-
pressor 21 is operated, the air conditioning utilizing side
heat exchanger 28 is used as the evaporator, the air con-
ditioning heat source side heat exchanger 24 is not used,
and the intermediate heat exchanger 23 is used as a
condenser in the air conditioning cycle.

[0035] An explanation will be given of flows of refrig-
erants (air conditioning refrigerant, hot-water supply re-
frigerant) and a flow of water (heat carrying medium)
which flows through the air conditioning cold/hot water
circulating circuit 8 in the exhaust heat recovery operation
in reference to Figs. 3 through 5.

In Figs. 3 through 5, bold arrow marks attached to the
heat exchangers (intermediate heat exchanger 23, air
conditioning utilizing side heat exchanger 28, air condi-
tioning heat source side heat exchanger 24, hot-water
supply utilizing side heat exchanger 42, hot-water supply
heat source side heat exchanger 44) show flows of heat.
Arrow marks attached to the respective circuits (air con-
ditioning refrigerant circuit 5, hot-water supply refrigerant
circuit 6, air conditioning cold/hot water circulating circuit
8, hot-water supply flow path 9) show directions in which
the refrigerants (air conditioning refrigerants, hot-water
supply refrigerant) or fluids (water, hot water) flow
through the respective circuits. Opening/closing valves
(354, 35b, 49b, 49d) of white color and the flow rate con-
trol valves (air conditioning refrigerant flow rate adjusting
valve 35¢, second control valve 35d, hot-water supply
refrigerant flow rate adjusting valve 49a, fourth control
valve 49c) of white color show states of opening the
valves, and the opening/closing valves of black color and
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the flow rate control valves of black color show states of
closing the valves. Circular arcs indicated by bold lines
show flow paths of the refrigerants and the fluids in the
four-way valves (22, 53). In a case where the outdoor
fans (air conditioning outdoor fan 25, hot-water supply
outdoor fan 45) are in white color, the case shows that
the outdoor fans are operating, and in a case where the
outdoor fans are in black color, the case shows that the
outdoor fans are stopping. The heat exchangers (inter-
mediate heat exchanger 23, air conditioning heat source
side heat exchanger 24, hot-water supply heat source
side heat exchanger 44) indicated by broken lines show
the heat exchangers which are not used, that s, the heat
exchangers through which the refrigerants do not flow,
and the heat exchangers indicated by bold lines show
the heat exchangers which are used, that is, the heat
exchangers through which the refrigerants flow.

[0036] When the air conditioning and hot-water supply
system 100 is made to carry out exhaust heat recovery
operation, the control device 1a sets the air conditioning
and hot-water supply system 100 to "first operation state"
as shown in Fig. 3. That is, the control device system 1a
switches the four-way valve 22 such that the high tem-
perature and high pressure gas refrigerant delivered from
the delivery port 21b of the air conditioning compressor
21 flows into the intermediate heat exchanger 23, and
the air conditioning refrigerant which flows through the
air conditioning utilizing side heat exchanger 28 flows
into the suction port 21a of the air conditioning compres-
sor 21.

The control device 1a closes the air conditioning refrig-
erant flow rate adjusting valve 35c and the second control
valve 35d and stops the air conditioning outdoor fan 25,
and closes the hot-water supply refrigerant flow rate ad-
justing valve 49a and the fourth control valve 49¢c and
stops the hot-water supply outdoor fan 45.

According to the present embodiment, the air condition-
ing refrigerant flow rate adjusting valve 35c is made to
function as means for blocking the air conditioning re-
frigerant from the air conditioning heat source side heat
exchanger 24 since the air conditioning refrigerant is
blocked from flowing to the air conditioning heat source
side heat exchanger 24 by closing the air conditioning
refrigerant flow rate adjusting valve 35c. Incidentally, the
air conditioning refrigerant blocking means may be con-
figured to install a blocking valve, not illustrated, at the
cooling time air conditioning refrigerant inlet 24a, other
than the air conditioning refrigerant flow rate adjusting
valve 34c.

Similarly, according to the present embodiment, the hot-
water supply refrigerant flow rate adjusting valve 49a is
made to function as means for blocking the hot-water
supply refrigerant from the hot-water supply heat source
side heat exchanger 44 since the hot-water supply re-
frigerant is blocked from flowing into the hot-water supply
heat source side heat exchanger 44 by closing the hot-
water supply refrigerant flow rate adjusting valve 49a.
Incidentally, the hot-water supply refrigerant blocking
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means may be configured to install a blocking valve, not
illustrated, at the hot-water supply refrigerant inlet 44a
other than the hot-water supply refrigerant flow rate ad-
justing valve 49a.

The control device 1a opens the opening/closing valves
35a, 35b, 49b, and 49d.

Incidentally, although the control device 1a opens the air
conditioning refrigerant flow rate adjusting valve 35c and
the second control valve 35d and operates the air con-
ditioning outdoor fan 25, and opens the hot-water supply
refrigerant flow rate adjusting valve 49a and the fourth
control valve 49¢ and operates the hot-water supply out-
door fan 45 as necessary, details thereof will be de-
scribed later.

[0037] The high temperature and high pressure gas
refrigerant delivered from the air conditioning compres-
sor 21 flows into the intermediate heat exchanger 23,
and is condensed to liquefy by radiating heat to the low
temperature hot-water supply refrigerant. The high pres-
sure liquid refrigerant is expanded by reducing the pres-
sure by the air conditioning expansion valve 27 which is
opened at a prescribed opening degree after flowing
through the air conditioning tank 26, becomes a low tem-
perature and low pressure gas-liquid two-phase refriger-
ant, and flows into the air conditioning utilizing side heat
exchanger 28. The gas-liquid two-phase refrigerant
which flows in the air conditioning utilizing side heat ex-
changer 28 is evaporated into the low pressure gas re-
frigerant by absorbing heat from cold water at a relatively
high temperature which flows through the air conditioning
cold/hot water circulating circuit 8, and becomes a low
pressure gas refrigerant. The low pressure gas refriger-
ant flows into the suction port 21a of the air conditioning
air compressor 21 via the four-way valve 22 and be-
comes the high temperature and high pressure gas re-
frigerant by being compressed again by the air condition-
ing compressor 21.

[0038] Atthe air conditioning cold/hot water circulating
circuit 8, cold water which radiates heat to the air condi-
tioning refrigerant which flows through the air condition-
ing utilizing side heat exchanger 28 flows through the air
conditioning cold/hot water pipe 55a by the air condition-
ing cold/hot water circulating pump 52, and flows into the
indoor heat exchanger 61. At the indoor heat exchanger
61, heat is exchanged between cold water in the air con-
ditioning cold/hot water circulating circuit 8 and indoor
high temperature air of the residence 60, and air of the
residence 60 is cooled. That is, the indoor portion of the
residence 60 is cooled. At this occasion, cold water which
flows through the indoor heat exchanger 61 absorbs heat
from air of the indoor portion ofthe residence 60 to elevate
temperature thereof. The elevated temperature cold wa-
ter flows through the air conditioning cold/hot water pipes
55b and 55c¢ by the air conditioning cold/hot water pump
52, and is cooled again by radiating heat to the air con-
ditioning refrigerant by the air conditioning utilizing side
heat exchanger 28.

[0039] At the hot-water supply refrigerant circuit 6, a
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gas refrigerant which becomes the high temperature and
high pressure gas refrigerant by being compressed by
the hot-water supply compressor 41 flows into the hot-
water supply utilizing side heat exchanger 42. The high
temperature and high pressure gas refrigerant which
flows in the hot-water supply utilizing side heat exchanger
42 is condensed to liquefy by radiating heat to water
which flows in the hot-water supply flow path 9. The lig-
uefied high pressure liquid refrigerant becomes a low
temperature and low pressure gas-liquid two-phase re-
frigerant by being expanded by reducing a pressure
thereof by the hot-water supply expansion valve 43 which
is opened at a prescribed opening degree after flowing
through the hot-water supply refrigerant tank 46. The
gas-liquid two-phase refrigerant becomes a low pressure
gas refrigerant by being evaporated by absorbing heat
from the high temperature air conditioning refrigerant
which flows through the intermediate heat exchanger 23
while flowing through the intermediate heat exchanger
23.Thelow pressure gas refrigerant flows into the suction
port 41a of the hot-water supply compressor 41, and be-
comes a high temperature and high pressure gas refrig-
erant by being compressed again by the hot-water supply
compressor 41.

[0040] Atthe hot-water supply flow path 9, water which
flows into the water inlet 78 flows into the hot-water supply
pipe 72, and flows into the hot-water supply utilizing side
heat exchanger 42. The water becomes water at a high
temperature (hot water) by absorbing heat from the hot-
water supply refrigerant which flows through the hot-wa-
ter supply refrigerant circuit 6 by the hot-water supply
utilizing side heat exchanger 42. The hot water is stored
at the hot-water supply tank 70 by flowing through the
hot-water supply pipe 73, and is supplied from the hot-
water outlet 79 in accordance with a request of a user.
[0041] In this way, the air conditioning and hot-water
supply system 100 is set to "first operation state" in the
exhaust heat recovery operation. The heat which is re-
covered by the air conditioning refrigerant that flows
through the air conditioning refrigerant circuit 5 from the
indoor portion of the residence 60 is absorbed by the hot-
water supply refrigerant that flows through the hot-water
supply refrigerant circuit 6 via the intermediate heat ex-
changer 23, and thereafter, transferred to water that flows
through the hot-water supply pipe 72 via the hot-water
supply utilizing side heat exchanger 42. The heat which
is recovered from the indoor portion of the residence 60
can be utilized as a source of heating water which flows
through the hot-water supply pipe 72.

[0042] However, the heat amount which is radiated at
the intermediate heat exchanger 23 and the air condi-
tioning heat source side heat exchanger 24 by the air
conditioning refrigerant which flows through the air con-
ditioning refrigerant circuit 5 (hereinafter, referred to as
air conditioning heat radiating amount) is a heat amount
which is recovered by the indoor heat exchanger 61 from
the indoor portion of the residence 60. Therefore, the
heat amount is determined by a temperature which is set
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by a user as the indoor temperature of the residence 60
or the outdoor air temperature.

On the other hand, the heat amount which is needed for
boiling water that flows through the hot-water supply pipe
72 (hereinafter, referred to as hot-water supply heat ab-
sorbing amount) is determined by a temperature set by
a user as a temperature of hot water stored in the hot-
water supply tank 70 or a temperature of water supplied
from the water inlet 78. Therefore, there is a case where
the air conditioning heat radiating amount and the hot-
water supply heat absorbing amount do not coincide with
other.

[0043] For example, in a case where the air condition-
ing heat radiating amount is larger than the hot-water
supply heat absorbing amount (air conditioning heatgen-
erating amount > hot-water supply heat absorbing
amount) as in a case where a cooling load is high in the
air conditioning cycle, when all of the air conditioning re-
frigerant which flows through the air conditioning refrig-
erant circuit 5 flows through the intermediate heat ex-
changer 23, a heat amount which is supplied to water
that flows through the hot-water supply pipe 72 via the
hot-water supply refrigerant that flows through the hot-
water supply refrigerant circuit 6 becomes excessive.
Therefore, in a case where the air conditioning heat ra-
diating amount is larger than the hot-water supply heat
absorbing amount, it is preferable to construct a config-
uration in which the air conditioning and hot-water supply
system 100 is controlled such that the air conditioning
refrigerant which flows through the air conditioning re-
frigerant circuit 5 is distributed to the intermediate heat
exchanger 23 and the air conditioning heat source side
heat exchanger 24, and a heat amount which the air con-
ditioning refrigerant radiates at the intermediate heat ex-
changer 23 becomes equal to the hot-water heat absorb-
ing amount.

[0044] Hence, in a case where the air conditioning ra-
diating heat amount is larger than the hot-water absorb-
ing heat amount when the exhaust heat recovery oper-
ation is carried out, the control device 1a sets the air
conditioning and hot-water supply system 100 to "second
operation state" shown in Fig. 2 such that the air condi-
tioning heat source side heat exchanger 24 is used as a
condenser.

Specifically, the control device 1a opens the air condi-
tioning refrigerant flow rate adjusting valve 35¢ and the
second control valve 35d and operates the air condition-
ing outdoor fan 25 as shown in Fig. 4. The control device
1a closes the hot-water supply refrigerant flow rate ad-
justing valve 49a and the fourth control valve 49¢ and
stops the hot-water supply outdoor fan 45.

[0045] When the air conditioning and hot-water supply
system 100 is set to "second operation state", the high
temperature and high pressure gas refrigerant which is
delivered from the delivery port21b of the air conditioning
compressor 21 flows into the intermediate heat exchang-
er 23 and the air conditioning heat source side heat ex-
changer 24 via the four-way valve 22 in the air condition-
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ing refrigerant circuit 5. The high temperature and high
pressure gas refrigerant which flows in the intermediate
heat exchanger 23 is condensed to liquefy by radiating
heat to the hot-water supply refrigerant in the intermedi-
ate heat exchanger 23. On the other hand, the high tem-
perature and high pressure gas refrigerant which flows
into the air conditioning heat source side heat exchanger
24 is condensed to liquefy by radiating heat to the atmos-
phere. The high pressure liquid refrigerant which has
been liquefied in the intermediate heat exchanger 23 and
the air conditioning heat source side heat exchanger 24
flows into the air conditioning refrigerant tank 26, there-
after, reduces its pressure by the air conditioning expan-
sion valve 27 which is opened at a prescribed opening
degree, expanded, becomes a low temperature and low
pressure gas-liquid two-phase refrigerant, and flows into
the air conditioning utilizing side heat exchanger 28. The
gas-liquid two-phase refrigerant which flows in the air
conditioning utilizing side heat exchanger 28 is evapo-
rated by absorbing heat from cold water at a relatively
high temperature which flows through the air conditioning
cold/hot water circulating circuit 8, and becomes the low
pressure gas refrigerant. The low pressure gas refriger-
ant flows into the suction port 21a of the air conditioning
compressor 21 via the four-way valve 22, and becomes
the high temperature and high pressure gas refrigerant
by being compressed again by the air conditioning com-
pressor 21.

[0046] On the other hand, in the hot-water supply re-
frigerant circuit 6, the high temperature and high pressure
gas refrigerant which is delivered from the delivery port
41b of the hot-water supply compressor 41 flows into the
hot-water supply utilizing side heat exchanger 42. The
high temperature and high pressure gasrefrigerantwhich
flows in the hot-water supply utilizing side heat exchanger
42 is condensed to liquefy by radiating heat to water
which flows in the hot-water supply flow path 9. The lig-
uefied high pressure liquid refrigerant flows into the hot-
water supply refrigerant tank 46, thereafter, reduces its
pressure by the hot-water supply expansion valve 43
which is opened at a prescribed opening degree, expand-
ed, and becomes a low temperature and low pressure
gas-liquid two-phase refrigerant. The gas-liquid two-
phase refrigerant is evaporated by absorbing heat from
the high temperature air conditioning refrigerant which
flows in the intermediate heat exchanger 23 while flowing
in the intermediate heat exchanger 23, and becomes a
low pressure gas refrigerant. The low pressure gas re-
frigerant flows into the suction port 41a of the hot-water
supply compressor 41, and becomes the high tempera-
ture and high pressure gas refrigerant by being com-
pressed again by the hot-water supply compressor 41.
[0047] In this way, in the case where the air condition-
ing heat radiating amount is larger than the hot-water
supply heat absorbing amount, when the exhaust heat
recovery operation is carried out, the control device 1a
opens the air conditioning refrigerant flow rate adjusting
valve 35c and the second control valve 35d and operates
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the air conditioning outdoor fan 25, and radiates a portion
of the air conditioning heat radiating amount to the at-
mosphere by the air conditioning heat source side heat
exchanger 24. Thereby, it is avoided that a heat amount
which is supplied to water that flows through the hot-
water supply pipe 72 becomes excessive.

[0048] Here, acondensation temperature "Tca" of the
air conditioning refrigerant circuit 5 needs to be higher
than an outdoor air temperature "Tao" since heat needs
to be radiated to outdoor air. On the other hand, the con-
densation temperature "Tca" of the air conditioning re-
frigerant circuit 5 needs to be higher than an evaporation
temperature "Tee" of the hot-water supply refrigerant cir-
cuit 6 since in the exhaust heat recovery operation, heat
is absorbed and radiated by exchanging heat by the hot-
water supply refrigerant which flows through the hot-wa-
ter supply refrigerant circuit 6 and the air conditioning
refrigerant which flows through the air conditioning re-
frigerant circuit 5 in the intermediate heat exchanger 23.
That is, in the exhaust heat recovery operation, a heat
radiating amount (air conditioning heat radiating amount)
of the air conditioning refrigerant circuit 5 becomes defi-
cient unless conditions of "Tca > Tao" and "Tca > Tee"
are satisfied at the air conditioning heat source side heat
exchanger 24 and the intermediate heat exchanger 23.
[0049] For example, there are pointed out a case
where the heat radiating heat amount becomes deficient
at the air conditioning heat source side heat exchanger
24 since"Tca~Tao" owingto"Tao <<Tee", acasewhere
heat absorbing and radiating amounts becomes deficient
at the intermediate heat exchanger 23 since "Tca ~ Tee"
owing to "Tao << Tee" etc.

Atthis occasion, radiating heat is deficient or heat cannot
be radiated in the air conditioning refrigerant, and the air
conditioning refrigerant having a high dryness flows out
from the intermediate heat exchanger 23 or the air con-
ditioning heat source side heat exchanger 24. A specific
weight of the air conditioning refrigerant having the high
dryness is large, and therefore, when the air conditioning
refrigerant passes to the air conditioning expansion valve
27, a flow speed of the air conditioning refrigerant be-
comes extremely high. As a result thereof, there poses
a problem that an operation of a total of the air condition-
ing and hot-water supply system 100 is made to be un-
stable by bringing about a phenomenon of blocking the
flow by increasing a flow resistance.

[0050] Hence,inacase where the air conditioning heat
radiating amount is larger than the hot-water supply heat
absorbing amount, the control device 1a adjusts a valve
opening degree of the air conditioning refrigerant flow
rate adjusting valve 35c¢ such that the gas refrigerant
flows through the air conditioning heat source side heat
exchanger 24 by a flow rate by which all of the high tem-
perature and high pressure gas refrigerant which flows
into the air conditioning heat source side heat exchanger
24 is liquefied.

The control device 1a adjusts the valve opening degree
of the air conditioning refrigerant flow rate adjusting valve
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35c based on a temperature of the air conditioning re-
frigerant at the air conditioning heat source side heat ex-
changer 24.

Specifically, the control device 1a adjusts the valve open-
ing degree of the air conditioning refrigerant flow rate
adjusting valve 35¢ such that atemperature (temperature
of air conditioning heat exchanger outlet) of the air con-
ditioning refrigerant which is to be calculated based on
data that is received from the temperature sensor TH22
that is installed at the air conditioning heat source side
heat exchanger 24 (vicinity of cooling time air condition-
ing refrigerant outlet 24b) becomes a previously calcu-
lated condensation temperature (target condensation
temperature) of the air conditioning refrigerant circuit 5.
The occurrence of the phenomenon of blocking the flow
can be prevented by the configuration by preventing an
increase in the flow resistance that is brought about by
a deficiency in the heat radiating amount of the air con-
ditioning heat source side heat exchanger 24.

[0051] On the other hand, in a case where the hot-
water supply heat absorbing amount is larger than the
air conditioning heat radiating amount (hot-water supply
heat absorbing amount > air conditioning heat radiating
amount), even when all of the air conditioning refrigerant
which flows through the air conditioning refrigerant circuit
5 flows to the intermediate heat exchanger 23, a heat
amount which is supplied to water that flows through the
hot-water supply pipe 72 via the hot-water supply refrig-
erant that flows through the hot-water supply refrigerant
circuit 6 becomes deficient. Therefore, in a case where
the hot-water supply heat absorbing amount is larger
than the air conditioning heat radiating amount, it is pref-
erable to construct a configuration in which the air con-
ditioning and hot-water supply system 100 is controlled
such that all of the air conditioning refrigerant that flows
through the air conditioning refrigerant circuit 5 flows to
the intermediate heat exchanger 23, and all of the heat
amount included in the air conditioning refrigerant is ra-
diated by the intermediate heat exchanger 23.

[0052] Therefore, the control device 1a sets the air con-
ditioning and hot-water supply system 100 to "third op-
eration state" shown in Fig. 2 such that the hot-water
supply heat source side heat exchanger 44 is used as
the evaporator in a case where the hot-water supply heat
absorbing amount is larger than the air conditioning heat
radiating amount.

Specifically, the control device 1a closes the air condi-
tioning refrigerant flow rate adjusting valve 35c and the
second control valve 35d and stops the air conditioning
outdoor fan 25 as shown in Fig. 5. The control device 1a
opens the hot-water supply refrigerant flow rate adjusting
valve 49a and the fourth control valve 49c and operates
the hot-water supply outdoor fan 45.

[0053] When the air conditioning and hot-water supply
system 100 is set to "third operation state", the high tem-
perature and high pressure gas refrigerant which is de-
livered from the delivery port 21b of the air conditioning
compressor 21 flows into the intermediate heat exchang-
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er 23 via the four-way valve 22 in the air conditioning
refrigerant circuit 5. The high temperature and high pres-
sure gas refrigerant which flows in the intermediate heat
exchanger 23 is condensed to liquefy by radiating heat
to the hot-water supply refrigerant in the intermediate
heat exchanger 23. The high pressure liquid refrigerant
which is liquefied at the intermediate heat exchanger 23
flows into the air conditioning refrigerant tank 26, there-
after, reduces its pressure by the air conditioning expan-
sion valve 27 that is opened at a prescribed opening de-
gree, expanded, becomes a low temperature and low
pressure gas-liquid two-phase refrigerant, and flows into
the air conditioning utilizing side heat exchanger 28. The
gas-liquid two-phase refrigerant which flows in the air
conditioning utilizing side heat exchanger 28 becomes a
low pressure gas refrigerant by being evaporated by ab-
sorbing heat from cold water at a relatively high temper-
ature which flows through the air conditioning cold/hot
water circulating circuit 8. The low pressure gas refrig-
erant flows into the suction port21a of the air conditioning
compressor 21 via the four-way valve 22, and becomes
the high temperature and high pressure gas refrigerant
by being compressed again by the air conditioning com-
pressor 21.

[0054] On the other hand, the high temperature and
high pressure gas refrigerant which is delivered from the
delivery port 41b of the hot-water supply compressor 41
flows into the hot-water supply utilizing side heat ex-
changer 42 in the hot-water supply refrigerant circuit 6.
The high temperature and high pressure gas refrigerant
which flows in the hot-water supply utilizing side heat
exchanger 42 is condensed to liquefy by radiating heat
to water which flows in the hot-water flow path 9. The
liquefied high pressure liquid refrigerant flows into the
hot-water supply refrigerant tank 46, thereafter, reduces
its pressure by the hot-water supply expansion valve 43
whichis opened ata prescribed opening degree, expand-
ed, and becomes the low temperature and low pressure
gas-liquid two-phase refrigerant. A portion of the gas-
liquid two-phase refrigerant is evaporated by absorbing
heat from the high temperature air conditioning refriger-
ant which flows in the intermediate heat exchanger 23
while flowing in the intermediate heat exchanger 23, and
becomes a low pressure gas refrigerant. The low pres-
sure gas refrigerant flows into the suction port 41a of the
hot-water supply compressor 41, and becomes the high
temperature and high pressure gas refrigerant by being
compressed again by the hot-water supply compressor
41.

The low temperature and low pressure gas-liquid two-
phase refrigerant which reduces its pressure by the hot-
water supply expansion valve 43, is expanded, and does
not flow into the intermediate heat exchanger 23 flows
into the hot-water supply heat source side heat exchang-
er 44, is evaporated by absorbing heat from the atmos-
phere at a relatively high temperature that is blown by
the hot-water supply outdoor fan 45, becomes the low
pressure gas refrigerant, flows into the suction port 41a
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of the hot-water supply compressor 41, and becomes the
high temperature and high pressure gas refrigerant by
being compressed again by the hot-water supply com-
pressor 41.

[0055] Inthisway, inthe case where the hot-water sup-
ply heat absorbing amount is larger than the air condi-
tioning heat radiating amount, a portion of the hot-water
supply refrigerant which flows through the hot-water sup-
ply refrigerant circuit 6 is evaporated by absorbing heat
at the hot-water supply heat source side heat exchanger
44. As described above, the hot-water supply heat source
side heat exchanger 44 is configured such that the hot-
water supply refrigerant flows more easily than in the
intermediate heat exchanger 23. Therefore, a large
amount of the hot-water supply refrigerant flows into the
hot-water supply heat source side heat exchanger 44.
An amount of heat exchanged between the air condition-
ing refrigerant and the hot-water supply refrigerant at the
intermediate heat exchanger 23 becomes smaller than
a desired heat amount.

[0056] Hence, in the case where the hot-water supply
heat absorbing amount is larger than the air conditioning
heat radiating amount, the control device 1a adjusts the
valve opening degree of the hot-water supply refrigerant
flow rate adjusting valve 49a such that the gas refrigerant
flows through the hot-water supply heat source side heat
exchanger 44 by a flow rate by which all of the high tem-
perature and high pressure gas refrigerant which flows
into the hot-water supply heat source side heat exchang-
er 44 is evaporated.

The control device 1a adjusts the valve opening degree
of the hot-water supply refrigerant flow rate adjusting
valve 49a based on a temperature of the hot-water supply
refrigerant in the hot-water supply heat source side heat
exchanger 44.

Specifically, the control device 1a adjusts the valve open-
ing degree of the hot-water supply refrigerant flow rate
adjusting valve 49a such that a temperature (hot-water
supply heat exchanger outlet temperature) of the hot-
water supply refrigerant which is to be calculated based
on data received from the temperature sensor TH23 that
isincluded in the hot-water supply heat source side heat
exchanger 44 becomes an evaporation temperature (tar-
get evaporation temperature) at the hot-water supply re-
frigerant circuit 6 which is previously calculated.

A desired heat amount can be exchanged between the
air conditioning refrigerant and the hot-water supply re-
frigerant at the intermediate heat exchanger 23.

[0057] An explanation will be given of a procedure
when the control device 1a makes the air conditioning
and hot-water supply system 100 carry out the exhaust
the heat recovery operation in reference to Fig. 6 (perti-
nently in reference to Figs. 1 through 5).

The control device 1a is configured to start the exhaust
heat recovery operation of the air conditioning and hot-
water supply system 100 when for example, the control
device 1a receives an instruction signal from a remote
controller (not illustrated) operated by a user. For exam-
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ple, when a user enters the indoor portion of the resi-
dence 60 and starts cooling operation (cooling operation
of air conditioning cycle) of an air conditioner, not illus-
trated, by operating a remote controller, the control de-
vice 1a is configured to start the exhaust heat recovery
operation when hot-water supply operation is carried out
by the hot-water supply cycle.

Or, when the hot-water supply operation by the hot-water
supply cycle is started by an operation of a user in a case
where the cooling operation is carried out by the air con-
ditioning cycle, the control device 1ais configured to start
the exhaust heat recovery operation.

Otherwise, for example, there may be constructed a con-
figuration in which the control device 1a automatically
starts the exhaust heat recovery operation of the air con-
ditioning and hot-water supply system 100 at previously
set prescribed time based on a previously built-in oper-
ation program.

[0058] When the exhaust heat recovery operation is
started, the control device 1a closes the air conditioning
refrigerant flow rate adjusting valve 35c¢, the second con-
trol valve 35d, the hot-water supply refrigerant flow rate
adjusting valve 49a, and the fourth control valve 49c (step
S1), thereafter, carries out various data receiving
processing (step S2). Specifically, the control device 1a
receives data indicating a target hot water temperature
(boiling temperature), a target hot water amount (flow
rate), and a water temperature (water supply tempera-
ture) of water supplied from the water inlet 78 in the hot-
water supply cycle. The control device 1a receives data
indicating a target temperature (set room temperature),
a target wind amount, and an indoor temperature in the
air conditioning cycle.

The data indicating the target hot water temperature and
the target hot water amount of the hot-water supply cycle
is data inputted to the control device 1a from a remote
controller (not illustrated) operated by a user, and the
data indicating the water supply temperature is data in-
putted from the temperature sensor TH1.

The data indicating the target temperature and the target
wind amount of the air conditioning cycle is data inputted
from the remote controller operated by the user to the
control device 1a, and the data indicating the indoor tem-
perature is data inputted from the temperature sensor
TH20.

[0059] The control device 1a executes a calculating
processing based on the various data received at step
S2 (step S3). Specifically, the control device 1a calcu-
lates a target hot-water supply capability "Qh", a target
rotational speed of the hot-water supply compressor 41,
atarget delivery temperature "Td" of the hot-water supply
compressor 41, and an input "Whcomp" of the hot-water
supply compressor 41 in the hot-water supply cycle.
The control device 1a calculates a target air conditioning
capability "Qh", a target rotational speed of the air con-
ditioning compressor 21, a target evaporation tempera-
ture "Te" of the air conditioning refrigerant, and an input
"Wccomp" of the air conditioning compressor 41 in the
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air conditioning cycle.

The control device 1a calculates the hot-water supply
heat absorbing amount from a difference between the
target hot-water supply capability "Qh" and the input "Wc-
comp" of the hot-water supply compressor 41 of the hot-
water supply cycle, and calculates the air conditioning
heat radiating amount from a sum of the target air con-
ditioning capability "Qc" and the input "Wccomp" of the
air conditioning compressor 21 of the air conditioning cy-
cle (step S4).

[0060] The control device 1a compares the hot-water
supply heat absorbing amount and the air conditioning
heat radiating amount calculated at step S4 (step S5),
and determines whether the hot-water supply heat ab-
sorbing amount and the air conditioning heat radiating
amount are equal. The control device 1a determines that
the hot-water supply heat absorbing amount and the air
conditioning heat radiating amount are equal, when a
difference between the hot-water supply heat absorbing
amount and the air conditioning heat radiating amount
falls within a previously set range at step S5.

When the hot-water supply heat absorbing amount and
the air conditioning heat radiating amount are equal (step
S5 — Yes), the control device 1a sets the air conditioning
and hot-water supply system 100 to "first operation state",
and executes the exhaust heat recovery operation (step
S6).

That is, "first operation state" according to the present
embodiment is a state of the air conditioning and hot-
water supply system 100 when the exhaustheatrecovery
operation is carried out in a case where the hot-water
supply heat absorbing amount and the air conditioning
heat radiating amount are equal.

[0061] An explanation will be given of a procedure that
the control device 1a carries out the exhaust heat recov-
ery operation by setting the air conditioning and hot-water
supply system 100 to "first operation state" in reference
to Fig. 7.

The control device 1a opens all of the opening/closing
valves 35a, 35b, 49b, and 49d which are arranged at
outputs and inputs of the intermediate heat exchanger
23 (cooling time air conditioning refrigerant inlet 23a,
cooling time air conditioning refrigerant outlet 23b, hot-
water supply refrigerant inlet 23c, hot-water refrigerant
output 23d) of the intermediate heat exchanger 23 (step
S601). The control device 1a closes the hot-water supply
refrigerant flow rate adjusting valve 49a and the fourth
control valve 49c arranged at the outlet and the inlet of
the hot-water supply heat source side heat exchanger
44 (hot-water supply refrigerant inlet 44a, hot-water sup-
ply refrigerant outlet 44b) and stops the hot-water supply
outdoor fan 45 (step S602). The control device 1a closes
the air conditioning refrigerant flow rate adjusting valve
35¢ and the second control valve 35d arranged at the
outlet and the inlet of the air conditioning heat source
heat exchanger 24 (cooling time air conditioning refrig-
erant inlet 24a, cooling time air conditioning refrigerant
outlet 24b) and stops the air conditioning outdoor fan 25
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(step S603).

That is, the control device 1a sets the air conditioning
and hot-water supply system 100 to carry out the cooling
operation and the hot-water supply operation by using
only the intermediate heat exchanger 23 as shown in Fig.
3 since the hot-water supply heat absorbing amount and
the air conditioning heat radiating amount are equal.
[0062] The control device 1a operates the hot-water
supply cycle and the air conditioning cycle in accordance
with a result of the calculation at step S3 of Fig. 6. Spe-
cifically, the control device 1a operates the hot-water sup-
ply compressor 41 at the target rotational speed calcu-
lated at step S3 of Fig. 6 in the hot-water supply cycle,
and sets the valve opening degree of the hot-water supply
expansion valve 43 such that the delivery temperature
of the hot-water supply refrigerant in the hot-water supply
cycle becomes the target delivery temperature "Td" (step
S604).

For example, there may be constructed a configuration
in which a map showing a relationship between the target
delivery temperature and the valve opening degree of
the hot-water supply expansion valve 43 is previously
determined, and the control device 1a sets the valve
opening degree of the hot-water supply expansion valve
43 by referring to the map based on the calculated target
delivery temperature "Td".

The control device 1a operates the air conditioning com-
pressor 21 at the target rotational speed calculated at
step S3 of Fig. 6, sets the valve opening degree of the
air conditioning expansion valve 27 such that the evap-
oration temperature of the air conditioning refrigerator in
the air conditioning cycle becomes the target evaporation
temperature "Te" (step S605), and the operation returns.
For example, there may be constructed a configuration
in which a map showing a relationship between the target
evaporation temperature and the valve opening degree
of the air conditioning expansion valve 27 is previously
determined, and the control device 1a sets the valve
opening degree of the air conditioning expansion valve
27 by referring to the map based on the calculated target
evaporation temperature "Te".

In this way, the control device 1a carries out the exhaust
heat recovery operation by setting the air conditioning
and hot-water supply system 100 to "first operation state"
in a case where the hot-water supply heat absorbing
amount and the air conditioning heat radiating amount
are equal.

When the operation returns from the procedure of carry-
ing out the exhaust heat recovery operation by setting
the air conditioning and hot-water supply system 100 to
"first operation state" as shown in the flowchart of Fig.
7, the control device 1areturns the procedure to step S2
of Fig. 6 (step S6 — step S2), and continues the exhaust
heat recovery operation.

[0063] The explanation will be returned to step S5 of
Fig. 6. When the hot-water supply heat absorbing amount
and the air conditioning heat radiating amount are not
equal (step 55 — No), the control device 1a compares
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magnitudes of the hot-water supply heat absorbing
amount and the air conditioning heat radiating amount
(step S7), sets the air conditioning and hot-water supply
system 100 to "second operation state) " when the hot-
water supply heat absorbing amount is less than the air
conditioning heat radiating amount (step S7 — Yes), and
executes the exhaust heat recovery operation (step S8).
That is, the "second operation state" is a state of the air
conditioning and hot-water supply system 100 when the
exhaust heat recovery operation is carried out in a case
where the hot-water supply heat absorbing amount is
less than the air conditioning heat radiating amount.
[0064] An explanation will be given of a procedure in
which the control device 1a carries out the exhaust heat
recovery operation by setting the air conditioning and hot-
water supply system 100 to "second operation state" in
reference to Fig. 8.

The control device 1a opens all of the opening/closing
valves 35a, 35b, 49b, and 49d which are arranged at
outlets and inlets (cooling time air conditioning refrigerant
inlet 23a, cooling time air conditioning refrigerant outlet
23b, hot-water supply refrigerantinlet 23c, hot-water sup-
ply refrigerant outlet 23d) of the intermediate heat ex-
changer 23 (step S801). The control device 1a closes
the hot-water supply refrigerant flow rate adjusting valve
49a and the fourth control valve 49c which are arranged
at the outlet and the inlet (hot-water supply refrigerant
inlet 44a, hot-water supply refrigerant outlet 44b) of the
hot-water supply heat source side heat exchanger 44,
and stops the hot-water supply outdoor fan 45 (step
S802). The control device 1a opens the air conditioning
refrigerant flow rate adjusting valve 35c¢ and the second
control valve 35d which are arranged at the outlet and
the inlet (cooling time air conditioning refrigerant inlet
24a, cooling time air conditioning refrigerant outlet 24b)
of the air conditioning heat source side heat exchanger
24 (step S803).

That is, the control device 1a sets the air conditioning
and hot-water supply system 100 such that the cooling
operation and the hot-water supply operation are carried
out while radiating the heat amount in correspondence
with a difference between the air conditioning heat radi-
ating amount and the hot-water supply heat absorbing
amount to the atmosphere by the air conditioning heat
source side heat exchanger 24 as shown in Fig. 4 since
the air conditioning radiating heat amount is larger than
the hot-water supply absorbing heat amount.

[0065] Thereafter, the control device 1a carries out the
receiving processing of respective data (step S804). Spe-
cifically, the control device 1a receives data of the hot-
water supply heat absorbing amount and the air condi-
tioning heatradiating amount which are calculated at step
S4 of Fig. 6, and data indicating the outdoor air temper-
ature inputted from the temperature sensor TH19. The
control device 1a calculates the target evaporation tem-
perature "Te" of the hot-water supply refrigerant in the
hot-water supply cycle, and the target condensation tem-
perature "Tc" of the air conditioning refrigerant in the air
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conditioning cycle based on the received respective data
(step S805).

[0066] The control device 1a operates the hot-water
supply cycle and the air conditioning cycle in accordance
with a result of the calculation at step S805.
Specifically, the control device 1a operates the hot-water
supply compressor 41 at the target rotational speed in
the hot-water supply cycle, and sets the valve opening
degree of the hot-water supply expansion valve 43 such
that the evaporation temperature of the hot-water supply
refrigerantin the hot-water supply cycle becomes the tar-
get evaporation temperature "Te".

The control device 1a operates the air conditioning com-
pressor 21 at the target rotational speed in the air con-
ditioning cycle, sets the rotational speed of the air con-
ditioning outdoor fan 25, and sets the valve opening de-
gree of the air conditioning expansion valve 27 such that
the condensation temperature of the air conditioning re-
frigerant becomes the target condensation temperature
"Tc" in the air conditioning cycle (step S806).

[0067] For example, there may be constructed a con-
figuration in which a map showing a relationship between
the target evaporation temperature and the valve open-
ing degree of the hot-water supply expansion valve 43
is previously determined, and the control device 1a sets
the valve opening degree of the hot-water supply expan-
sion valve 43 by referring to the map based on the cal-
culated target evaporation temperature "Te".

There may be constructed a configuration in which a map
showing a relationship among the target condensation
temperature, the valve opening degree of the air condi-
tioning expansion valve 27, and the rotational speed of
the air conditioning outdoor fan 25 is previously deter-
mined, and the control device 1a sets the rotational speed
of the air conditioning outdoor fan 25 and the valve open-
ing degree of the air conditioning expansion valve 27 by
referring to the map based on the calculated target con-
densation temperature "Tc".

[0068] The control device 1a calculates the tempera-
ture of the air conditioning heat exchanger outlet of the
air conditioning heat source side heat exchanger 24
based on data which is received from the temperature
sensor TH22 (step S807).

The control device 1a sets the valve opening degree of
the air conditioning refrigerant flow rate adjusting valve
35c such that the temperature of the air conditioning heat
exchanger outlet of the air conditioning heat source side
heat exchanger 24 becomes the calculated target con-
densation temperature "Tc" (step S808). In this way, the
control device 1a adjusts an amount of the air condition-
ing refrigerant which flows into the air conditioning heat
source side heat exchanger 24 by setting the valve open-
ing degree of the air conditioning refrigerant flow rate
adjusting valve 35c.

[0069] The control device 1a determines whether the
evaporation temperature of the hot-water supply refrig-
erant in the hot-water supply cycle becomes the target
evaporation temperature "Te" (step S809). In a case
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where the evaporation temperature of the hot-water sup-
ply refrigerantin the hot-water supply cycle becomes "Te"
Il (step S809 — Yes), the control device 1a determines
whether the condensation temperature of the air condi-
tioning refrigerant in the air conditioning cycle becomes
the target condensation temperature "Tc" (step S810).
In a case where the condensation temperature of the air
conditioning refrigerant in the air conditioning cycle be-
comes the target condensation temperature "Tc" (step
S810 — Yes), when the operation of the hot-water supply
cycle achieves the target hot-water supply capability "Qh"
and the operation of the air conditioning cycle achieves
the target air conditioning capability "Qc" (step S811 —
Yes), the control device 1a finishes the procedure of car-
rying out the exhaust heat recovery operation in the sec-
ond operation state and the operation returns. However,
when the operation of the hot-water supply cycle does
not achieve the target hot-water supply capability "Qh"
or the operation of the air conditioning cycle does not
achieve the target air conditioning capability "Qc" (step
S811 — No), the control device 1areturns the procedure
to step S806.

In a case where the condensation temperature of the air
conditioning refrigerant in the air conditioning cycle does
not become the target condensation temperature "Tc"
(step S810 — No), the control device 1a sets the valve
opening degrees of the air conditioning refrigerant flow
rate adjusting valve 35c and the second control valve
35d (step 812), and returns the procedure to step S806.
Specifically, the control device 1a closes the air condi-
tioning refrigerant flow rate adjusting valve 35c and the
second control valve 35d by small amounts at step S812.
The control device 1a returns the procedure to step 806,
and executes the following procedure.

[0070] On the other hand, in a case where the evapo-
ration temperature of the hot-water refrigerant in the hot-
water supply cycle does not become the target evapora-
tion temperature "Te" (step S809 — No), the control de-
vice 1a returns the procedure to step S806, and adjusts
the valve opening degree of the hot-water supply expan-
sion valve 43 such that the evaporation temperature of
the hot-water supply refrigerant in the hot-water supply
cycle becomes the target evaporation temperature "Te".
As shown in the flowchart of Fig. 8, when the control
device 1a returns from the procedure of carrying out the
exhaust heat recovery operation by setting the air con-
ditioning and hot-water supply system 100 to "second
operation state", the control device 1a returns the proce-
dure to step S2 of Fig. 6 (step S8 — step S2), and con-
tinues the exhaust heat recovery operation.

[0071] In a case where the air conditioning heat radi-
ating amount is larger than the hot-water supply heat
absorbing amount in this way, the control device 1a car-
ries out the exhaust heat recovery operation by setting
the air conditioning and hot-water supply system 100 to
"second operation state".

In this case, the control device 1a adjusts the valve open-
ing degree of the air conditioning refrigerant flow rate
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adjusting valve 35c¢ such that the temperature of the air
conditioning heat exchanger outlet at the vicinity of the
cooling time air conditioning refrigerant outlet 24b of the
air conditioning heat source side heat exchanger 24 be-
comes the calculated condensation temperature (target
condensation temperature "Tc"). An increase in the flow
resistance which is brought about by a deficiency in a
heat radiating amount of the air conditioning heat source
side heat exchanger 24 can be prevented and an occur-
rence of a phenomenon of blocking the flow can be pre-
vented by the configuration.

[0072] The explanation will be returned to step S7 of
Fig. 6. When the hot-water supply heat absorbing amount
is larger than the air conditioning heat radiating amount
(step S7 — No), the control device 1a executes the ex-
haust heat recovery operation by setting the air condi-
tioning and hot-water supply system 100 to "third oper-
ation state" (step S9). That is, the "third operation state"
is a state of the air conditioning and hot-water supply
system 100 when the exhaust heat recovery operation
is carried out in the case where the hot-water supply heat
absorbing amount is larger than the air conditioning heat
radiating amount.

[0073] An explanation will be given of a procedure in
which the control device 1a carries out the exhaust heat
recovery operation by setting the air conditioning and hot-
water supply system 100 to "third operation state" in ref-
erence to Fig. 9.

The control device 1a opens all of the opening/closing
valves 35a, 35b, 49b, and 49d which are arranged at the
outlets and the inlets (cooling time air conditioning refrig-
erant inlet 23a, cooling time air conditioning refrigerant
outlet 23b, hot-water supply refrigerantinlet23c, and hot-
water supply refrigerant outlet 23d of the intermediate
heat exchanger 23 (step S901). The control device 1a
opens the hot-water supply refrigerant flow rate adjusting
valve 49a and the fourth control valve 49c¢ which are ar-
ranged at the outlet and the inlet (hot-water supply re-
frigerant inlet 44a, hot-water supply refrigerant outlet
44b) of the hot-water supply heat source side heat ex-
changer 44 (step S902). The control device 1a closes
the air conditioning refrigerant flow rate adjusting valve
35c and the second control valve 35d which are arranged
at the outlet and the inlet (cooling time air conditioning
refrigerant inlet 24a, cooling time air conditioning refrig-
erant outlet 24b of the air conditioning heat source side
heat exchanger 24 and stops the air conditioning outdoor
fan 25 (step S903).

That is, the control device 1a sets the air conditioning
and hot-water supply system 100 such that the cooling
operation and the hot-water supply operation are carried
out while absorbing a heat amount in correspondence
with a difference between the hot-water supply heat ab-
sorbing amount and the air conditioning heat radiating
amount from the atmosphere at the hot-water supply heat
source side heat exchanger 44 as shown in Fig. 5 since
the hot-water supply heat absorbing amount is larger
than the air conditioning heat radiating amount.
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[0074] Thereafter, the control device 1a carries out a
processing ofreceiving respective data (step S904). Spe-
cifically, the control device 1a receives data of the hot-
water supply heat absorbing amount and the air condi-
tioning heatradiating amount which are calculated at step
S4 of Fig. 6, and data indicating an outdoor air temper-
ature inputted from the temperature sensor TH19. The
control device 1a calculates the target evaporation tem-
perature "Te" of the hot-water supply refrigerant in the
hot-water supply refrigerant cycle and the target conden-
sation temperature "Tc" of the air conditioning refrigerant
in the air conditioning cycle based on the received re-
spective data (step S905).

[0075] The control device 1a operates the hot-water
supply cycle and the air conditioning cycle in accordance
with a result of the calculation at step S905.
Specifically, the control device 1a operates the air con-
ditioning compressor 21 at the target rotational speed in
the air conditioning cycle, and sets the valve opening
degree of the air conditioning expansion valve 27 such
that the condensation temperature of the air conditioning
refrigerant in the air conditioning cycle becomes the tar-
get condensation temperature "Tc".

The control device 1a operates the hot-water supply com-
pressor 41 at the target rotational speed in the hot-water
supply cycle, sets the rotational speed of the hot-water
supply outdoor fan 45 such that the evaporation temper-
ature of the hot-water supply refrigerant in the hot-water
supply cycle becomes the target evaporation tempera-
ture "Te" , and sets the valve opening degree of the hot-
water supply expansion valve 43 (step S906).

[0076] For example, there may be constructed a con-
figuration in which a map showing a relationship between
the target condensation temperature and the valve open-
ing degree of the air conditioning expansion valve 27 is
previously determined, and the control device 1a sets
the valve opening degree of the air conditioning expan-
sion valve 27 by referring to the map based on the cal-
culated condensation temperature "Tc".

There may be constructed a configuration in which a map
showing a relationship among the target evaporation
temperature, the valve opening degree of the hot-water
supply expansion valve 43, and the rotational speed of
the hot-water supply outdoor fan 45 is previously deter-
mined, and the control device 1a sets the rotational
speed of the hot-water supply outdoor fan 45 and the
valve opening degree of the hot-water supply expansion
valve 43 by referring to the map based on the calculated
evaporation temperature "Te".

[0077] The control device 1a calculates the tempera-
ture of the hot-water supply heat exchanger outlet of the
hot-water supply heat source side heat exchanger 44
based on data received from the temperature sensor
TH23 (step S907).

The control device 1a sets the valve opening degree of
the hot-water supply refrigerant flow rate adjusting valve
49a such that the temperature of the hot-water supply
heat exchanger outlet of the hot-water supply heat source
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side heat exchanger 44 becomes the calculated target
evaporation temperature "Te" (step S908). In this way,
the control device 1a adjusts an amount of the hot-water
supply refrigerant flowing into the hot-water supply heat
source side heat exchanger 44 by setting the valve open-
ing degree of the hot-water supply refrigerant flow rate
adjusting valve 49a.

[0078] The control device 1a determines whether the
condensation temperature of the air conditioning refrig-
erant in the air conditioning cycle becomes the target
condensation temperature "Tc" (step S909). In a case
where the condensation temperature of the air condition-
ing refrigerant in the air conditioning cycle becomes the
target condensation temperature "Tc" (step S909 —
Yes), the control device 1a determines whether the evap-
oration temperature of the hot-water supply refrigerant
in the hot-water supply cycle becomes the target evap-
oration temperature "Te" (step S910). In a case where
the evaporation temperature of the hot-water supply re-
frigerantin the hot-water supply cycle becomes the target
evaporation temperature "Te" (step S910 — Yes), when
the operation of the hot-water supply cycle achieves the
target hot-water supply capability "Qh", and the operation
of the air conditioning cycle achieves the target air con-
ditioning capability "Qc" (step S911 — Yes), the control
device 1a finishes the procedure of carrying out the ex-
haust heat recovery operation in the third operation state
and the operation returns. However, when the operation
of the hot-water cycle does not achieve the target hot-
water supply capability "Qh" or the operation of the air
conditioning cycle does not achieve the target air condi-
tioning capability "Qc" (step S911 — No), the control de-
vice 1a returns the procedure to step S906.

In a case where the evaporation temperature of the hot-
water supply refrigerant in the hot-water supply cycle
does not become the target evaporation temperature
"Te" (step S910 — No), the control device 1a sets the
valve opening degrees of the hot-water supply refrigerant
flow rate adjusting valve 49a and the fourth control valve
49c (step S912), and returns the procedure to step S906.
Specifically, the control device 1a closes the hot-water
supply refrigerant flow rate adjusting valve 49a and the
fourth control valve 49c by small amounts at step S912.
The control device 1areturns the procedure to step S906,
and executes the following procedure.

When the control device 1a returns from the procedure
of setting the air conditioning and hot-water supply sys-
tem 100 to "third operation state" and carrying out the
exhaust heat recovery operation as shown in the flow-
chartof Fig. 9, the control device 1areturns the procedure
to step S2 of Fig. 6 (step S9 — step S2), and continues
the exhaust heat recovery operation.

[0079] On the other hand, in a case where the target
condensation temperature "Tc" is not achieved in the air
conditioning cycle (step S909 — No), the control device
1a returns the procedure to step S906, and adjusts the
valve opening degree of the air conditioning expansion
valve 27 such that the target condensation temperature
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"Tc" is achieved.

[0080] In a case where the hot-water supply heat ab-
sorbing amount is larger than the air conditioning heat
radiating amountin this way, the control device 1a carries
out the exhaust heat recovery operation by setting the
air conditioning and hot-water supply system 100 to "third
operation state".

In this case, the control device 1a adjusts the valve open-
ing degree of the hot-water supply refrigerant flow rate
adjusting valve 49a such that the temperature at a vicinity
of the hot-water supply refrigerant outlet 44b of the hot-
water supply heat source side heat exchanger 44 be-
comes the previously calculated evaporation tempera-
ture (target evaporation temperature). All of the hot-water
supply refrigerant can be evaporated at the intermediate
heat exchanger 23 and the hot-water supply heat source
side heat exchanger 44 by the configuration, and a de-
sired heat amount can be exchanged between the air
conditioning refrigerant and the hot water supply refrig-
erant at the intermediate heat exchanger 23.

[0081] As described above, in the air conditioning and
hot-water supply system 100 according to the present
embodiment, the air conditioning refrigerant flow rate ad-
justing valve 35c is arranged on a side of the cooling time
air conditioning refrigerantinlet 24a of the air conditioning
heat source side heat exchanger 24 which is arranged
in parallel with the intermediate heat exchanger 23. In a
case where the exhaust heat recovery operation is car-
ried out in the cooling operation, the control device 1a
sets the valve opening degree of the air conditioning re-
frigerant flow rate adjusting valve 35c in accordance with
the temperature of the air conditioning heat exchanger
outlet at the vicinity of the cooling time air conditioning
refrigerant outlet 24b of the air conditioning heat source
side heat exchanger 24.

The flow rate of the air conditioning refrigerant which
flows in the air conditioning heat source side heat ex-
changer 24 can be adjusted when the exhaust heat re-
covery operation is carried out in the case where the air
conditioning heat radiating amount is larger than the hot-
water supply heat absorbing amount by the configuration.
The air conditioning refrigerant can sufficiently be cooled
at the air conditioning heat source side heat exchanger
24, and all of the air conditioning refrigerant which flows
in the air conditioning heat source side heat exchanger
24 can be condensed. In other words, an excessive in-
crease in the flow resistance which is brought about by
a deficiency in the heat radiating amount of the air con-
ditioning heat source side heat exchanger 24 can be pre-
vented, and the occurrence of the phenomenon of block-
ing the flow can be prevented.

[0082] On the other hand, when the exhaust heat re-
covery operation is carried out in the case where the hot-
water supply heat absorbing amount is larger than the
air conditioning heat radiating amount, the control device
1a makes the hot-water supply refrigerant flow to the hot-
water supply heat source side heat exchanger 44 by
opening the hot-water supply refrigerant flow rate adjust-
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ing valve 49a and vaporize the hot-water supply refrig-
erant by heat of the atmosphere. At this occasion, the
control device 1a sets the valve opening degree of the
hot-water supply refrigerant flow rate adjusting valve 49a
based on the temperature of the hot-water supply heat
exchanger outlet at the hot-water supply refrigerant outlet
44b of the hot-water supply heat source side heat ex-
changer 44.

The hot-water supply refrigerant which flows through the
hot-water supply refrigerant circuit 6 can preferably be
distributed to the intermediate heat exchanger 23 and
the hot-water supply heat source side heat exchanger
44 based on the target evaporation temperature in the
hot-water supply cycle when the exhaust heat recovery
operation is carried out in the case where the hot-water
supply heat absorbing amount is larger than the air con-
ditioning heat radiating amount by the configuration. All
of the hot-water supply refrigerant can be evaporated by
the intermediate heat exchanger 23 and the hot-water
supply heat source side heatexchanger 44, and adesired
heat amount can be exchanged between the air condi-
tioning refrigerant and the hot-water supply refrigerant at
the intermediate heat exchanger 23.

[0083] The air conditioning and hot-water supply sys-
tem 100 according to the present embodiment is con-
structed by a configuration of including the air condition-
ing refrigerant flow rate adjusting valve 35c on a side of
the cooling time air conditioning refrigerant inlet 24a of
the air conditioning heat source side heat exchanger 24
and including the hot-water supply refrigerant flow rate
adjusting valve 49a on a side of the hot-water supply
refrigerant inlet 44a of the hot-water supply heat source
side heat exchanger 44. This is because the flow path
resistance of the intermediate heat exchanger 23 against
the air conditioning refrigerant is larger than the flow path
resistance of the air conditioning heat source side heat
exchanger 24 against the air conditioning refrigerant, and
the flow path resistance of the intermediate heat ex-
changer 23 against the hot-water supply refrigerant is
larger than the flow path resistance of the hot-water sup-
ply heat source side heat exchanger 44 against the hot-
water supply refrigerant as described above.

[0084] Therefore, there may be constructed a config-
uration in which an air conditioning refrigerant flow rate
adjusting valve 35a1 which can adjust the flow rate is
arranged in place of the opening and closing valve 35a
(refer to Fig. 1) which is arranged at the cooling time air
conditioning refrigerant inlet 23a of the intermediate heat
exchanger 23, and arranging a hot-water supply refrig-
erant flow rate adjusting valve 49b1 which can adjust the
flow rate in place of the opening/closing valve 49b (refer
to Fig. 1) which is arranged at the hot-water supply re-
frigerant inlet 23c of the intermediate heat exchanger 23
as shown in Fig. 10, in a case where the flow path re-
sistance of the intermediate heat exchanger 23 against
the air conditioning refrigerant is smaller than the flow
path resistance of the air conditioning heat source side
heat exchanger 24 against the air conditioning refriger-
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ant, and the flow path resistance of the intermediate heat
exchanger 23 against the hot-water supply refrigerant is
smaller than the flow path resistance of the hot-water
supply heat source side heat exchanger 44 against the
hot-water supply refrigerant.

[0085] In the case of the configuration, it is preferable
to construct a configuration of including air conditioning
heat exchanger outlet temperature measuring means
(temperature sensor TH24) which measures a tempera-
ture of the air conditioning refrigerant at a vicinity of the
cooling time air conditioning refrigerant outlet 23b of the
intermediate heat exchanger 23, and hot-water supply
heat exchanger outlet temperature measuring means
(temperature sensor TH25) which measures a tempera-
ture of the hot-water supply refrigerant at a vicinity of the
hot-water supply refrigerantoutlet 23d of the intermediate
heat exchanger 23.

The temperature of the air conditioning refrigerant which
is measured by the temperature sensor TH24 is made
to be the temperature of the air conditioning heat ex-
changer outlet of the intermediate heat exchanger 23,
and the temperature of the hot-water supply refrigerant
which is measured by the temperature sensor TH25 is
made to be the temperature of the hot-water supply heat
exchanger outlet of the intermediate heat exchanger 23.
In the case of the configuration, there may be constructed
a configuration which does not include the temperature
sensor TH22 of the air conditioning heat source side heat
exchanger 24, and the temperature sensor TH23 of the
hot-water supply heat source side heat exchanger 44.
The air conditioning refrigerant flow rate adjusting valve
35c which is arranged at the cooling time air conditioning
refrigerant inlet 24a of the air conditioning heat source
side heat exchanger 24 may be a control valve (expan-
sion valve) which is not a flow rate adjusting valve. The
hot-water refrigerant flow rate adjusting valve 49a which
is arranged at the hot-water supply refrigerant inlet 44a
of the hot-water supply heat source side heat exchanger
44 may be a control valve (expansion valve) which is not
a flow rate adjusting valve.

[0086] The control device 1a carries out the exhaust
heat recovery operation by setting the air conditioning
and hot-water supply system 100 to "second operation
state" in accordance with the procedure shown in Fig. 8
when the exhaust heat recovery operation is carried out
in the case where the air conditioning heat radiating
amount is larger than the hot-water supply heat absorb-
ing amount.

Atthis occasion, the control device 1a calculates the tem-
perature of the hot-water supply heat exchanger outlet
of the intermediate heat exchanger 23 based on data
received from the temperature sensor TH24 in place of
the temperature of the air conditioning heat exchanger
outlet of the air conditioning heat source side heat ex-
changer 24 at step S807. The control device 1a sets the
valve opening degree of the air conditioning refrigerant
flow rate adjusting valve 35a1 such that the temperature
of the air conditioning heat exchanger outlet of the inter-
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mediate heat exchanger 23 becomes the calculated con-
densation temperature "Tc" at step S808.

Thereby, the air conditioning refrigerant can be made to
flow to the intermediate heat exchanger 23 which has a
small flow path resistance against the air conditioning
refrigerant by a preferable flow rate, and the occurrence
of the phenomenon of blocking the flow can be prevented
by preventing an increase in the flow resistance.

[0087] When the exhaust heat recovery operation is
carried out in the case where the hot-water supply heat
absorbing amount is larger than the air conditioning heat
radiating amount, the control device 1a carries out the
exhaust heat recovery operation by setting the air con-
ditioning and hot-water supply system 100 to "third op-
eration state" in accordance with the procedure shown
in Fig. 9.

At this occasion, the control device 1a calculates the tem-
perature of the hot-water supply heat exchanger outlet
of the intermediate heat exchanger 23 based on data
received from the temperature sensor TH25 in place of
the temperature of the hot-water supply heat exchanger
outlet of the hot-water supply heat source side heat ex-
changer 44 at step S907. The control device 1a sets the
valve opening degree of the hot-water supply refrigerant
flow rate adjusting valve 49b1 such that the temperature
of the hot-water supply heat exchanger outlet of the in-
termediate heat exchanger 23 becomes the calculated
target evaporation temperature "Te" at step S908.
Thereby, the hot-water supply refrigerant can be made
to flow to the intermediate heat exchanger 23 which has
the small flow path resistance against the hot-water sup-
ply refrigerant at a preferable flow rate. All of the hot-
water supply refrigerant can be evaporated at the inter-
mediate heat exchanger 23 and the hot-water supply
heat source side heat exchanger 44, and a desired heat
amount can be exchanged between the air conditioning
refrigerant and the hot-water supply refrigerant at the in-
termediate heat exchanger 23.

List of Reference Signs
[0088]

1a control device

5 air conditioning refrigerant circuit

6 hot-water supply refrigerant circuit

23 intermediate heat exchanger

23a cooling time air conditioning refrigerant inlet
(second air conditioning refrigerant inlet)

23b cooling time air conditioning refrigerant outlet
(second air conditioning refrigerant outlet)

23c hot-water supply refrigerant inlet (second hot-
water supply refrigerant inlet)

23d hot-water supply refrigerant outlet (second hot-
water supply refrigerant outlet)

24 air conditioning heat source side heat exchanger
24a cooling time air conditioning refrigerantinlet (first
air conditioning refrigerant inlet)
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24b cooling time air conditioning refrigerant outlet
(first air conditioning refrigerant outlet)

35c air conditioning refrigerant flow rate adjusting
valve (air conditioning refrigerant flow-in amount ad-
justing means, air conditioning refrigerant blocking
means)

35a1 air conditioning refrigerant flow rate adjusting
valve (air conditioning refrigerant flow-in amount ad-
justing means)

44 hot-water supply heatsource side heat exchanger
44a hot-water supply refrigerant inlet (first hot-water
supply refrigerant inlet)

44b hot-water supply refrigerant outlet (first hot-wa-
ter supply refrigerant outlet)

49a hot-water supply refrigerant flow rate adjusting
valve (hot-water refrigerant flow-in amount adjusting
means, hot-water supply refrigerant blocking
means)

49b1 hot-water supply refrigerant flow rate adjusting
means (hot-water supply refrigerant flow-in amount
adjusting means)

100 air conditioning and hot-water supply system
TH22, TH24 temperature sensors (air conditioning
heat exchanger outlet temperature measuring
means)

TH23, TH25 temperature sensors (hot-water supply
heat exchanger outlet temperature measuring
means)

Claims

1. An air conditioning and hot-water supply system
comprising:

an air conditioning refrigerant circuit configuring
an air conditioning cycle by circulating an air
conditioning refrigerant, a hot-water supply re-
frigerant circuit configuring a hot-water supply
cycle by circulating a hot-water supply refriger-
ant, and a control device;

an intermediate heat exchanger connected in
parallel with an air conditioning heat source side
heat exchanger for exchanging heat between
the air conditioning refrigerant and the atmos-
phere in the air conditioning refrigerant circuit,
and connected in parallel with a hot-water supply
heat source side heat exchanger for exchanging
heat between the hot-water supply refrigerant
and the atmosphere in the hot-water supply re-
frigerant circuit for exchanging heat between the
air conditioning refrigerant and the hot-water
supply refrigerant;

an air conditioning refrigerant flow-in amount ad-
justing means for adjusting an amount of the air
conditioning refrigerant flowing into the air con-
ditioning heat source side heat exchanger or the
intermediate heat exchanger in a cooling oper-
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ation by the air conditioning cycle; and

a means for measuring a temperature of an air
conditioning heat exchanger outlet for measur-
ing a temperature of an air conditioning heat
exchanger outlet of one of the air conditioning
heat source side heat exchanger and the inter-
mediate heat exchanger at which the amount of
the air conditioning refrigerant flowing into the
air conditioning heat source side heat exchang-
er or the intermediate heat exchanger is adjust-
ed in the cooling operation;

wherein the control device calculates an air con-
ditioning heat radiating amount in the air condi-
tioning refrigerant circuit, a hot-water supply
heat absorbing amount in the hot-water supply
refrigerant circuit, atargetcondensation temper-
ature at the air conditioning refrigerant circuit,
and a target evaporation temperature at the hot-
water supply refrigerant circuit in a case where
the cooling operation by the air conditioning cy-
cle and a hot-water supply operation by the hot-
water supply cycle are simultaneously execut-
ed; and

wherein when the air conditioning heat radiating
amount is larger than the hot-water supply heat
absorbing amount, the hot-water supply refrig-
erant is blocked from flowing into the hot-water
supply heat source side heat exchanger by hot-
water supply refrigerant blocking means, and
the amount of the hot-water supply refrigerant
blocking means, and the amount of the air con-
ditioning refrigerant flowing into the air condi-
tioning heat source side heat exchanger or the
intermediate heat exchanger is adjusted by con-
trolling the air conditioning refrigerant flow-in
amount adjusting means based on the temper-
ature of air conditioning heat exchanger outlet.

The air conditioning and hot-water supply system
according to claim 1, wherein the control device ad-
justs the amount of the air conditioning refrigerant
flowinginto the air conditioning heat source side heat
exchanger or the intermediate heat exchanger such
that the temperature of the air conditioning heat ex-
changer outlet becomes the target condensation
temperature.

The air conditioning and hot-water supply system
according to claim 1, wherein the air conditioning
refrigerant flow-in amount adjusting means is an air
conditioning flow rate adjusting valve;

wherein as a configuration of a case where a flow
path resistance of the air conditioning heat source
side heat exchanger against the air conditioning re-
frigerantis smaller than a flow path resistance of the
intermediate heat exchanger against the air condi-
tioning refrigerant, the air conditioning refrigerant
flow rate adjusting valve is included at a first air con-
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ditioning inlet which becomes an inlet of the air con-
ditioning refrigerant to the air conditioning heat
source side heat exchanger in the cooling operation,
and the means for measuring the temperature of the
air conditioning heat exchanger outlet is included at
a vicinity of a first air conditioning refrigerant outlet
which becomes an outlet of the air conditioning re-
frigerant from the air conditioning heat source side
heat exchanger in the cooling operation; and
wherein the control device adjusts the amount of the
air conditioning refrigerant flowing to the air condi-
tioning heat source side heat exchanger by adjusting
a valve opening degree of the air conditioning refrig-
erant flow rate adjusting valve.

The air conditioning and hot-water supply system
according to claim 2, wherein the air conditioning
refrigerant flow-in amount adjusting means is an air
conditioning flow rate adjusting valve;

wherein as a configuration of a case where a flow
path resistance of the air conditioning heat source
side heat exchanger against the air conditioning re-
frigerant is smaller than a flow path resistance of the
intermediate heat exchanger against the air condi-
tioning refrigerant, the air conditioning refrigerant
flow rate adjusting valve is included at a first air con-
ditioning inlet which becomes an inlet of the air con-
ditioning refrigerant to the air conditioning heat
source side heat exchanger in the cooling operation,
and the means for measuring the temperature of the
air conditioning heat exchanger outlet is included at
a vicinity of a first air conditioning refrigerant outlet
which becomes an outlet of the air conditioning re-
frigerant from the air conditioning heat source side
heat exchanger in the cooling operation; and
wherein the control device adjusts the amount of the
air conditioning refrigerant flowing to the air condi-
tioning heat source side heat exchanger by adjusting
a valve opening degree of the air conditioning refrig-
erant flow rate adjusting valve.

The air conditioning and hot-water supply system
according to claim 1, wherein the air conditioning
refrigerant flow-in amount adjusting means is an air
conditioning refrigerant flow rate adjusting valve;

wherein as a configuration of a case where a flow
path resistance of the intermediate heat exchanger
against the air conditioning refrigerantis smaller than
a flow path resistance of the air conditioning heat
source side heat exchanger against the air condi-
tioning refrigerant, the air conditioning refrigerant
flow rate adjusting valve is included at a second air
conditioning refrigerant inlet which becomes an inlet
of the air conditioning refrigerant to the intermediate
heat exchanger in the cooling operation, and the
means for measuring the temperature of the heat
exchanger outlet is included at a vicinity of a second
air conditioning refrigerant outlet which becomes an
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outlet of the air conditioning refrigerant from the in-
termediate heat exchanger in the cooling operation;
and

wherein the control device adjusts the amount of the
air conditioning refrigerant flowing to the intermedi-
ate heat exchanger by adjusting a valve opening
degree of the air conditioning refrigerant flow rate
adjusting valve.

The air conditioning and hot-water supply system
according to claim 2, wherein the air conditioning
refrigerant flow-in amount adjusting means is an air
conditioning refrigerant flow rate adjusting valve;
wherein as a configuration of a case where a flow
path resistance of the intermediate heat exchanger
against the air conditioning refrigerantis smaller than
a flow path resistance of the air conditioning heat
source side heat exchanger against the air condi-
tioning refrigerant, the air conditioning refrigerant
flow rate adjusting valve is included at a second air
conditioning refrigerant inlet which becomes an inlet
of the air conditioning refrigerant to the intermediate
heat exchanger in the cooling operation, and the
means for measuring the temperature of the heat
exchanger outlet is included at a vicinity of a second
air conditioning refrigerant outlet which becomes an
outlet of the air conditioning refrigerant from the in-
termediate heat exchanger in the cooling operation;
and

wherein the control device adjusts the amount of the
air conditioning refrigerant flowing to the intermedi-
ate heat exchanger by adjusting a valve opening de-
gree of the air conditioning refrigerant flow rate ad-
justing valve.

The air conditioning and hot-water supply system
according to any one of Claim 1 through Claim 6,
further comprising:

a hot-water supply refrigerant flow-in amount
adjusting means for adjusting an amount of the
hot-water supply refrigerant flowing to the hot-
water supply heat source side heat exchanger
or the intermediate heat exchanger in a hot-wa-
ter supply operation by the hot-water supply cy-
cle; and

a means for measuring a temperature of a hot-
water supply heat exchanger outlet for measur-
ing a temperature of a hot-water supply heat ex-
changer outlet of one of the hot-water supply
heat source side heat exchanger and the inter-
mediate heat exchanger at which an amount of
the hot-water supply refrigerant flowing to the
hot-water supply heat source side heat ex-
changer or the intermediate heat exchange is
adjusted in the hot-water supply operation,
wherein the control device blocks the air condi-
tioning refrigerant from flowing to the air condi-
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tioning heat source side heat exchanger by air
conditioning refrigerantblocking means, and ad-
justs an amount of the hot-water supply refrig-
erant flowing to the hot-water supply heat ex-
changer or the intermediate heat exchanger by
controlling the hot-water refrigerant flow-in
amount adjusting means based on the temper-
ature of the hot-water heat exchanger outlet
when the hot-water heat absorbing amount is
larger than the air conditioning heat radiating
amount in a case where the cooling operation
by the air conditioning cycle and the hot-water
supply operation by the hot-water supply cycle
are simultaneously executed.

The air conditioning and hot-water supply system
according to claim 7, wherein the control device ad-
justs the amount of the hot-water supply refrigerant
flowing into the hot-water supply heat source side
heat exchanger or the intermediate heat exchanger
such that the temperature of the hot-water supply
heat exchanger outlet becomes the target evapora-
tion temperature.

The air conditioning and hot-water supply system
according to claim 7, wherein the hot-water supply
refrigerant flow-in amount adjusting means is a hot-
water supply refrigerant flow rate adjusting valve;
wherein as a configuration in a case where a flow
resistance of the hot-water supply heat source side
heat exchanger against the hot-water supply refrig-
erant is smaller than a flow path resistance of the
intermediate heat exchanger against the hot-water
supply refrigerant, the hot-water supply refrigerant
flow rate adjusting valve is included at a first hot-
water supply refrigerantinlet which becomes aninlet
of the hot-water supply refrigerant to the hot-water
supply heat source side heat exchanger in the hot-
water supply operation, and the means for measur-
ing the temperature of the hot-water supply heat ex-
changer outlet is included at a vicinity of a first hot-
water supply refrigerant outlet which becomes an
outlet of the hot-water supply refrigerant from the
hot-water supply heat source side heat exchanger
in the hot-water supply operation, and

wherein the control device adjusts an amount of the
hot-water supply refrigerant flowing into the hot-wa-
ter supply heat source side heat exchanger by ad-
justing a valve opening degree of the hot-water sup-
ply refrigerant flow rate adjusting valve.

The air conditioning and hot-water supply system
according to claim 8, wherein the hot-water supply
refrigerant flow-in amount adjusting means is a hot-
water supply refrigerant flow rate adjusting valve,

wherein as a configuration in a case where a flow
resistance of the hot-water supply heat source side
heat exchanger against the hot-water supply refrig-



1.

12.

41 EP 2 679 934 A1

erant is smaller than a flow path resistance of the
intermediate heat exchanger against the hot-water
supply refrigerant, the hot-water supply refrigerant
flow rate adjusting valve is included at a first hot-
water supply refrigerant inlet which becomes an inlet
of the hot-water supply refrigerant to the hot-water
supply heat source side heat exchanger in the hot-
water supply operation, and means for measuring
the temperature of the hot-water supply heat ex-
changer outlet is included at a vicinity of a first hot-
water supply refrigerant outlet which becomes an
outlet of the hot-water supply refrigerant from the
hot-water supply heat source side heat exchanger
in the hot-water supply operation, and

wherein the control device adjusts an amount of the
hot-water supply refrigerant flowing into the hot-wa-
ter supply heat source side heat exchanger by ad-
justing a valve opening degree of the hot-water sup-
ply refrigerant flow rate adjusting valve.

The air conditioning and hot-water supply system
according to claim 7, wherein the hot-water supply
refrigerant flow-in amount adjusting means is a hot-
supply refrigerant flow rate adjusting valve,
wherein as a configuration of a case where a flow
path resistance of the intermediate heat exchanger
against the hot-water supply refrigerant is smaller
than a flow path resistance of the hot-water supply
heat source side heat exchanger against the hot-
water supply refrigerant, the hot-water refrigerant
flow rate adjusting valve is included at a second hot-
water supply refrigerant outlet which becomes an
inlet of the hot-water supply refrigerant to the inter-
mediate heat exchanger in the hot-water operation,
and the means for measuring the temperature of the
hot-water supply heat exchanger outlet is included
at a vicinity of a second hot-water supply refrigerant
outlet which becomes an outlet of the hot-water sup-
ply refrigerant from the intermediate heat exchanger
in the hot-water operation, and

wherein the control device adjusts an amount of the
hot-water supply refrigerant flowing to the interme-
diate heat exchanger by adjusting a valve opening
degree of the hot-water supply refrigerant flow rate
adjusting valve.

The air conditioning and hot-water supply system
according to claim 8, wherein the hot-water supply
refrigerant flow-in amount adjusting means is a hot-
water supply refrigerant flow rate adjusting valve,

wherein as a configuration of a case where a flow
path resistance of the intermediate heat exchanger
against the hot-water supply refrigerant is smaller
than a flow path resistance of the hot-water supply
heat source side heat exchanger against the hot-
water supply refrigerant, the hot-water refrigerant
flow rate adjusting valve is included at a second hot-
water supply refrigerant outlet which becomes an
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inlet of the hot-water supply refrigerant to the inter-
mediate heat exchanger in the hot-water supply op-
eration, and the means for measuring the tempera-
ture of the hot-water exchanger outlet is included at
a vicinity of a second hot-water supply refrigerant
outlet which becomes an outlet of the hot-water sup-
ply refrigerant from the intermediate heat exchanger
in the hot-water supply operation, and

wherein the control device adjusts an amount of the
hot-water supply refrigerant flowing to the interme-
diate heat exchanger by adjusting a valve opening
degree of the hot-waterrefrigerant flow rate adjusting
valve.

A control method of an air conditioning and hot-water
supply system which is a control method of an air
conditioning and hot-water supply system, the air
conditioning and hot-water supply system compris-

ing:

an air conditioning refrigerant circuit configuring
an air conditioning cycle by circulating an air
conditioning refrigerant, a hot-water supply re-
frigerant circuit configuring a hot-water supply
cycle by circulating a hot-water refrigerant, and
a control device;

an intermediate heat exchanger connected in
parallel with an air conditioning heat source side
heat exchanger for exchanging heat between
the air conditioning refrigerant and the atmos-
phere in the air conditioning refrigerant circuit,
and connected in parallel with a hot-water supply
heat source side heat exchanger for exchanging
heat between the hot-water supply refrigerant
and the atmosphere in the hot-water supply re-
frigerant circuit for exchanging heat between the
air conditioning refrigerant and the hot-water
supply refrigerant;

an air conditioning refrigerant flow-in amount ad-
justing means for adjusting an amount of the air
conditioning refrigerant flowing into the air con-
ditioning heat source side heat exchanger or the
intermediate heat exchanger in a cooling oper-
ation by the air conditioning cycle; and

a means for measuring a temperature of an air
conditioning heat exchanger outlet for measur-
ing a temperature of an air conditioning heat ex-
changer outlet of one of the air conditioning heat
source side heat exchanger and the intermedi-
ate heat exchanger for adjusting an amount of
the air conditioning refrigerant flowing into the
air conditioning heat source side heat exchang-
er or the intermediate heat exchanger in the
cooling operation,

in a case where the control device simultane-
ously executes the cooling operation by the air
conditioning cycle and a hot-water supply oper-
ation by the hot-water supply cycle, the control
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method comprising:

a step of calculating an air conditioning heat
radiating amount in the air conditioning re-
frigerant circuit and a hot-water supply heat 5
absorbing amount in the hot-water supply
refrigerant circuit;

astep of comparing the air conditioning heat
radiating amount and the hot-water supply
heat absorbing amount; 10
astep of blocking the hot-wateramount sup-

ply refrigerant from flowing to the hot-water
supply heat source side heat exchanger by
hot-water supply refrigerant blocking
means when the air conditioning heat radi- 75
ating amount is larger than the hot-water
supply heat absorbing amount; and

a step of adjusting an amount of the air con-
ditioning refrigerant flowing to the air condi-
tioning heat source side heat exchanger or 20
the intermediate heat exchanger by control-

ling the air conditioning refrigerant flow-in
amount adjusting means based on a tem-
perature of the air conditioning heat ex-
changer outlet when the air conditioning 25
heat radiating amount is larger than the hot-
water supply heat absorbing amount.
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FIG.6

START EXHAUST HEAT
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FIG.7

EXHAUST HEAT RECOVERY OPERATION
IN FIRST OPERATION STATE
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TARGET ROTATIONAL SPEED

~—S5604

*SET VALVE OPENING DEGREE OF AIR CONDITIONING

EXPANSION VALVE (27),
-OPERATE AIR CONDITIONING COMPRESSOR (21) AT

TARGET ROTATIONAL SPEED

—~S5605
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FIG.8

EXHAUST HEAT RECOVERY OPERATION IN SECOND OPERATION STATE
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FIG.9

EXHAUST HEAT RECOVERY OPERATION IN THIRD OPERATION STATE

START

OPEN OPENING/CLOSING VALVES (35a, 35b, 49b, 49d) —~S5901
OPEN HOT-WATER SUPPLY REFRIGERANT ADJUSTING | 5902
VALVE (49a), FOURTH CONTROL VALVE (49¢)
-CLOSE AIR CONDITIONING REFRIGERANT FLOW RATE
ADJUSTING VALVE (35¢), SECOND CONTROL VALVE (35d), ~S5903
-STOP AIR CONDITIONING OUTDOOR FAN (25)
DATA RECEIVING PROCESSING ~—S5904
CALCULATE TARGET EVAPORATION TEMPERATURE, —S905

TARGET CONDENSATION TEMPERATURE

*OPERATE AIR CONDITIONING COMPRESSOR (21) AT
TARGET ROTATIONAL SPEED, L5906
*SET VALVE OPENING DEGREE OF AIR CONDITIONING
EXPANSION VALVE (27),
*OPERATE HOT-WATER SUPPLY COMPRESSOR (41) AT
TARGET ROTATIONAL SPEED,
SET ROTATIONAL SPEED OF HOT-WATER SUPPLY
OUTDOOR FAN (45),
*SET VALVE OPENING DEGREE OF HOT-WATER SUPPLY
EXPANSION VALVE (43)

v

CALCULATE TEMPERATURE OF HOT-WATER SUPPLY —S9(07
HEAT EXCHANGER OUTLET

v

SET VALVE OPENING DEGREE OF HOT-WATER SUPPLY L _S908
REFRIGERANT FLOW RATE ADJUSTING VALVE (49a)

5909

TARGET CONDENSATION NO

TEMPERATURE?

S9$1 2

5910 )

TARGET EVAPORATION
TEMPERATURE?

*SET VALVE OPENING DEGREE OF
HOT-WATER SUPPLY REFRIGERANT
FLOW RATE ADJUSTING VALVE (49a),
«SET VALVE OPENING DEGREE OF
FOURTH CONTROL VALVE (49c)

S911

TARGET AIR

CONDITIONING CAPABILITY, NO

TARGET HOT-WATER SUPPLY
CAPABILITY?

RETURN

32



EP 2 679 934 A1

0OZ¢H1-] |, 419
N\ 1
191
|~
<
06 19
H\/\
er/ L]
q1/
6TH1
TZHL 6
0L v
6.~ 1
g/~ ?
THL

00T

33



EP 2 679 934 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2011/053863

A. CLASSIFICATION OF SUBJECT MATTER
F25B29/00(2006.01)1i, F25B7/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F25B29/00, F25B7/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-199%6
Kokai Jitsuyo Shinan Koho 1971-2011

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2011
1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2005-299935 A (Fujitsu General Ltd.), 1,2,13
A 27 October 2005 (27.10.2005), 3-12

claims; paragraphs [0001] to [0030]; fig. 1 to
10
(Family: none)
Y JP 61-101771 A (Mitsubishi Electric Corp.), 1,2,13
A 20 May 1986 (20.05.1986), 3-12
claims; fig. 1
(Family: none)
Y JP 2004-218943 A (Matsushita Electric 1,2,13
A Industrial Co., Ltd.), 3-12
05 August 2004 (05.08.2004),
claims; paragraphs [0001] to [0068]; fig. 1 to
8
(Family: none)

Further documents are listed in the continuation of Box C.

I:I See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
18 May, 2011 (18.05.11)

Date of mailing of the international search report
31 May, 2011 (31.05.11)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

34




EP 2 679 934 A1

International application No.

INTERNATIONAL SEARCH REPORT
PCT/JP2011/053863

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 4-32669 A (Matsushita Electric Industrial 1-13

Co., Ltd.),

04 February 1992 (04.02.1992),
entire text; all drawings
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

35



EP 2 679 934 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP HEI4199232669 B [0004] * JP 2005299935 A [0004]

36



	bibliography
	description
	claims
	drawings
	search report

