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AIR-CONDITIONING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an air-conditioning
apparatus used for a multiple-air conditioner for buildings for
example.

BACKGROUND ART

[0002] Conventionally, there 1s a multi-air conditioner for
buildings for which an air-conditioning apparatus 1s applied
in which, by making a refrigerant circulate between an out-
door unit, which 1s a heat source 1nstalled outdoors, and an
indoor unit installed indoors, cooling energy or heating
energy 1s transferred to an area to be air-conditioned such as
an 1nside of a room, and cooling operation or heating opera-
tion 1s adapted to be performed. As for the reifrigerant
employed by such the air-conditioning apparatus, for
example, an HFC type refrigerant 1s often used. In recent
years, a natural refrigerant such as carbon-dioxide (CO,) has
come to be used.

[0003] There 1s an air-conditioning apparatus having other
configurations represented by a chiller system. In such an
air-conditioning apparatus, cooling energy or heating energy
1s generated 1n the heat source apparatus installed outdoors,
the cooling energy or heating energy i1s transierred to a heat
medium such as water and an antifreezing liquid through a
heat exchanger installed 1n the indoor unit, and they are trans-
terred to such as a fan coil unit or a panel heater, which 1s an
indoor unit installed in the area to be air-conditioned, to
perform cooling operation or heating operation. (For
example, refer to Patent Literature 1.)

CITATION LIST
Patent Literature

[0004] Patent Literature 1 Japanese Patent No. 2006-3047
(page 4-3, FIG. 1)

[0005] Patent Literature 2 Japanese Patent No. 2005-56722
(page 4-5, FIG. 6)
SUMMARY OF INVENTION
Technical Problem

[0006] In the conventional air-conditioning apparatus,
since a high-pressure refrigerant 1s transierred into the indoor
unit and utilized, when the refrigerant leaks indoors, users
might be subjected to adverse eflects. The chiller exchanges
heat between the refrigerant and water outdoors and transters
water into the indoor unit, so that conveying power of water 1s
too large to be energy-saving disadvantageously.

[0007] The present invention 1s made to solve the above-
mentioned problems and its purpose 1s to provide an air-
conditioning apparatus that 1s safer and has small conveying
power for such as water 1n the indoor unit side.

[0008] The air-conditioning apparatus according to the
present invention has:

[0009] at least one unit of an mtermediate heat exchanger
that exchanges heat between a refrigerant undergoing two-
phase change or a refrigerant under a supercritical condition
and a heat medium which 1s different from the refrigerant
such as water and antifreezing liquid;

[0010] arefrigeration cycle in which a compressor, an out-
door heat exchanger, at least one expansion valve, and a
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refrigerant side flow path of the intermediate heat exchanger
are connected via piping through which the refrigerant tlows;
[0011] a heat medium circulation circuit 1n which a heat
medium side tlow path of the intermediate heat exchanger, a
pump, and a use side heat exchanger are connected via piping
through which the heat medium flows; and

[0012] a controller that controls drive of the compressor
and the pump.
[0013] The compressor and the outdoor heat exchanger are

accommodated 1n a heat source apparatus.

[0014] The intermediate heat exchanger and the pump are
accommodated 1n a relay unait.

[0015] The use side heat exchanger 1s accommodated 1n an
indoor unit.
[0016] When the compressor 1s stopped based on the

thermo-oif due to decrease 1n the air-conditioning load 1n the
use side heat exchanger or an operation stop 1nstruction, the
controller makes the pump stop after or almost at the same
time of the stop of the compressor.

Advantageous Effects of Invention

[0017] According to the air-conditioming apparatus of the
present invention, stable operation can be continued. It 1s
possible to prevent refrigeration cycle operation efficiency
from deteriorating such that the high-pressure of the refrig-
erant fluctuates and improve system elliciency, surely achiev-
ing high energy-saving performance.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1

[0019] FIG. 1 is a total configuration diagram showing an
example of an installation condition of an air-conditioning
apparatus according to Embodiment 1.

[0020] FIG.2

[0021] FIG. 2 1s a total configuration diagram showing an
example of an installation condition of an air-conditioning
apparatus according to Embodiment 1.

[0022] FIG. 3

[0023] FIG. 31saschematic circuit diagram of the configu-
ration of the air-conditioning apparatus.

[0024] FIG. 4

[0025] FIG. 4 15 a refnigerant circuit diagram showing a
refrigerant flow at the time of an cooling only operation mode
of the air-conditioning apparatus.

[0026] FIG.S

[0027] FIG. 5 1s a refnigerant circuit diagram showing a
refrigerant flow at the time of an heating only operation mode
of the air-conditioning apparatus.

10028] FIG. 6

[0029] FIG. 6 1s a refnigerant circuit diagram showing a
reirigerant flow at the time of a cooling-main operation mode
of the air-conditioning apparatus.

[0030] FIG.7

[0031] FIG. 7 1s a refrigerant circuit diagram showing a
refrigerant flow at the time of a heating-main operation mode
of the air-conditioning apparatus.

[0032] FIG. 8

[0033] FIG. 81s a flowchart showing the processing tflow at
the time of stopping each operation mode.

[0034] FIG. 9

[0035] FIG. 9 1s atlowchart showing the processing tlow at
the time of starting each operation mode.
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[0036] FIG. 10

[0037] FIG. 10 1s a flowchart showing the processing flow
at the time of switching from the cooling-main operation
mode to the cooling only operation mode.

[0038] FIG.11

[0039] FIG. 11 1s a flowchart showing the processing flow
at the time of switching from the heating-main operation
mode to the heating only operation mode.

[0040] FIG. 12

[0041] FIG. 12 1s a flowchart showing the processing flow
at the time of switching from the cooling only operation mode
to the cooling-main operation mode.

[0042] FIG. 13

[0043] FIG. 13 1s a flowchart showing the processing flow
at the time of switching from the heating only operation mode
to the heating-main operation mode.

[0044] FIG. 14

[0045] FIG. 14 1s a circuit diagram showing the circuit
configuration of the air-conditioning apparatus according
Embodiment 2.

[0046] FIG. 15

[0047] FIG. 15 1s a flowchart showing the processing flow
at the time of stopping each operation mode.

[0048] FIG. 16

[0049] FIG. 16 15 a flowchart showing the processing flow
at the time of starting each operation mode.

[0050] FIG.17

[0051] FIG. 17 1s a flowchart showing the processing flow
at the time of switching from the cooling-main operation
mode to the cooling only operation mode.

[0052] FIG. 18

[0053] FIG. 18 1s a flowchart showing the processing flow
at the time of switching from the heating-main operation
mode to the heating only operation mode.

[0054] FIG. 19

[0055] FIG. 19 1s a flowchart showing the processing flow
at the time of switching from the cooling only operation mode
to the cooling-main operation mode.

[0056] FIG. 20

[0057] FIG. 20 1s a flowchart showing the processing flow
at the time of switching from the heating only operation mode
to the heating-main operation mode.

REFERENCE SIGNS LIST

[0058] 1 heat source apparatus (outdoor unit)
[0059] 2, 2a, 2b, 2¢, 2d 1ndoor unit

[0060] 3 relay unait

[0061] 3a first relay unit

[0062] 3b second relay unit

[0063] 4 refrigerant pipeline

[0064] 4a first connection pipeline

[0065] 4b second connection pipeline

[0066] 5, 5a, 5b pipeline

[0067] 6 outdoor space

[0068] 7 living space

[0069] 9 building

[0070] 10 compressor

[0071] 11 four-way valve

[0072] 12 heat source side heat exchanger
[0073] 13a, 135, 13¢, 13d check valve
[0074] 14 gas-liquid separator

[0075] 15 intermediate heat exchanger
[0076] 134 first intermediate heat exchanger
[0077] 1556 second intermediate heat exchanger
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[0078] 16a, 165, 16¢, 16d, 16¢ expansion valve

[0079] 17 accumulator

[0080] 21 pump

[0081] 21a first pump

[0082] 215 second pump

[0083] 22, 22a, 22b, 22c, 22d flow path switching valve

[0084] 23, 234, 23D, 23¢, 23d tlow path switching valve

[0085] 24, 24q, 24b, 24c, 24d stop valve

[0086] 235, 25a, 25b, 25¢, 25d flow amount adjustment
valve

[0087] 26, 26a, 26D, 26¢, 26d use side heat exchanger

[0088] 27,27a,27b, 27c, 27d bypass

[0089] 31, 314, 31b first temperature sensor

[0090] 32, 324, 326 second temperature sensor

[0091] 33, 33q, 33b, 33¢, 33d third temperature sensor

[0092] 34, 34q, 34b, 34c, 344 fourth temperature sensor

[0093] 35 fifth temperature sensor

[0094] 36 pressure sensor

[0095] 37 sixth temperature sensor

[0096] 38 seventh temperature sensor

[0097] 50 non-living space

[0098] 60 controller

[0099] 100 air-conditioning apparatus

[0100] 125, 125a, 1255, 125¢, 1254 flow amount adjust-

ment valve

[0101] 200 air-conditioning apparatus
DESCRIPTION OF EMBODIMENTS
Embodiment 1
[0102] Heremafter, descriptions will be given to embodi-

ments of the present mvention.

Embodiment 1

[0103] FIGS. 1 and 2 are a total configuration diagram
showing an example of an installation condition of an air-
conditioning apparatus according to Embodiment 1. Based
on FIGS. 1 and 2, descriptions will be given to the configu-
ration of the air-conditioning apparatus. The air-conditionming,
apparatus performs cooling operation or heating operation
using a relrigeration cycle (a refrigeration cycle and a heat
medium circulation circuit) that circulates a refrigerant (a
heat source side refrigerant and a heat medium (such as water
and antifreezing liquid)). In some following drawings includ-
ing FIG. 1, the size of each component member may be
different from actual size.

[0104] As shown 1n FIG. 1, the air-conditioning apparatus
has: one unit of a heat source apparatus 1, which 1s a heat
source unit; two or more indoor units 2; and a relay unit 3 that
intervenes between the heat source apparatus 1 and the indoor
unit 2. The relay umt 3 exchanges heat between a heat source
refrigerant and a heat medium. The heat source apparatus 1
and the relay unit 3 are connected by a refrigerant pipeline 4
that makes the heat source refrigerant tlow through. The relay
unit 3 and the indoor unit 2 are connected by a pipeline 3 that
makes the heat medium flow through. Cooling energy or
heating energy generated 1n the heat source apparatus 1 1s
adapted to be delivered into the indoor unit 2. The numbers of
connected units of the heat source apparatus 1, the indoor unit
2, and the relay unit 3 are not limited to those shown 1n the
figure.

[0105] Theheatsource apparatus 11susually disposed in an
outdoor space 6, which 1s a space outside of the building 9 and
the like and supplies the indoor unit 2 with cooling energy or
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heating energy via the relay unit 3. The indoor unit 2 1s
disposed at a living space 7 such as a living room inside the
building 9 into which the cooling air or heating air can be
transierred and server room and supplies the living space 7 to
be an air-conditioning subject space with the cooling air or
heating air. The relay unmit 3 1s, as a separate body from the
heat source apparatus 1 and indoor unit 2, configured to be
disposed 1n a position (hereinafter, referred to as a non-living
space 50) different from the outdoor space 6 and living space
7, connects the heat source apparatus 1 and indoor unit 2, and
transiers cooling energy or heating energy supplied by the
heat source apparatus 1 to the indoor unit 2.

[0106] The outdoor space 6 1s a place existing outside of the
building 9, giving an impression of a rooftop shown in FIG. 1,
for example. The non-living space 50 1s a space diflerent from
the living apace 7, however 1nside the building 9, giving an
impression of a place where there are not always people like
on a hall way, under the roof of a common zone, a common
section including an elevator and the like, a machine room, a
computer room, a warchouse or the like. The living apace 7 1s
inside the building 9, giving an impression of a place where
there are always people or a place where there are a number of
or few people temporarily, for example, an office, a class
room, a conierence room, a dining, a server room or the like.
[0107] The heat source apparatus 1 and relay unit 3 are
connected using two refrigerant pipelines 4. The relay unit 3
and each indoor unit 2 are connected by two pipelines 3
respectively. Thus, by connecting the heat source apparatus 1
with the relay unit 3 by two refrigerant pipelines 4 and by
connecting the indoor unit 2 with the relay unit 3 by two
pipelines 5, construction of the air-conditioning apparatus 1s
facilitated.

[0108] As shown in FIG. 2, the relay unit 3 may be config-
ured by being divided into one first relay unit 3¢ and two
second relay units 35 derived from the first relay umt 3a.
Thus, two or more second relay units 36 can be connected
with one first relay unit 3a. In this configuration, there are
three refrigerant pipelines 4 between the first relay unit 3a and
second relay units 35. Detailed descriptions will be given later
to details of the pipeline path.

[0109] In FIGS. 1 and 2, the indoor unit 2 1s shown using a
ceiling cassette type as an example. However, 1t 1s not limited
thereto, but 1t may be any type as long as cooling energy or
heating energy can be blown oif into the living space 7
directly or via a duct. For example, a ceiling-concealed type
or a ceiling-suspended type 1s allowable.

[0110] In FIG. 1, although a case where the heat source
apparatus 1 1s installed 1n the outdoor space 6 1s shown as an
example, 1t 1s not limited thereto. For example, the heat source
apparatus 1 may be installed in a surrounded space such as a
machine room with a ventilating hole, may be installed inside
a building 9 as long as heat can be exhausted by an exhaust
duct outside the building 9, or may be installed in the building
9 when employing a water-cooled type heat source apparatus
1. Even 1f the heat source apparatus 1 is installed in such
places, no problem will occur 1n particular.

[0111] Further, the relay umit 3 may be installed in the
vicinity of the heat source apparatus 1. However, when the
distance between the relay unit 3 and the indoor unit 2 1s too
long, carrying power of the heat medium becomes consider-
ably large, resulting in the reduction of power-saving effect.

[0112] FIG. 31sa schematic circuit diagram of the configu-
ration of the air-conditioming apparatus 100. Based on FIG. 3,
descriptions will be given to a detailed configuration of the
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air-conditioning apparatus 100. As shown 1n FIG. 3, the heat
source apparatus 1 and the relay unit 3 are connected via the
first intermediate heat exchanger 15a and the second 1nter-
mediate heat exchanger 155 that are provided with the second
relay unit 3b. They are connected with the relay umt 3 and
indoor unit 2 as well via the first intermediate heat exchanger
15a and the second intermediate heat exchanger 155 that are
provided with the second relay unit 35. In the following,
descriptions will be given to the configuration and function of
cach constituent apparatus provided with the air-conditioning
apparatus 100. In the FIG. 3 and after, a case 1s shown where
the relay unit 3 1s divided nto the first relay unit 3¢ and the
second relay unit 3.

Heat Source Apparatus 1

[0113] In the heat source apparatus 1, the compressor 10,
the four-way valve 11, the heat source side heat exchanger
(outdoor heat exchanger) 12, and the accumulator 17 are
serially connected by the refrigerant pipeline 4 and accom-
modated therein. In the heat source apparatus 1, there are
provided the first and second connection pipelines 4a and 456
and the stop valves 13a, 135, 13¢, and 134d. By providing the
first and second connection pipelines 4a and 45 and the stop
valves 13a, 135, 13¢, and 134, the heat source side refrigerant
flow that 1s made to flow into the relay umt 3 can be directed
to a certain direction regardless of the operation required by
the indoor unit 2.

[0114] The compressor 10 absorbs and compresses the heat
source side refrigerant to turn it into a high-temperature high-
pressure state, and may be constituted by an inverter com-
pressor or the like capable performing capacity control. The
four-way valve 11 switches the heat source side refrigerant
flow at the time of heating operation and the heat source side
refrigerant tlow at the time of cooling operation. The heat
source side heat exchanger 12 functions as an evaporator at
the time of heating operation, functions as an condenser at the
time of cooling operation, exchanges heat between the air
supplied by a fan not shown, and the heat source side refrig-
erant, and turns the heat source side refrigerant into an vapor-
1zed gas or a condensed liqud. The accumulator 17 1s pro-
vided at the suction side of the compressor 10 and stores an
excess refrigerant.

[0115] Thecheck valve 13d 1s provided with the refrigerant
pipeline 4 between the relay unit 3 and the four-way valve 11
and allows the heat source side refrigerant to flow only 1n a
predetermined direction (the direction from the relay unit 3 to
the heat source apparatus 1). The check valve 13a 1s provided
with the refrigerant pipeline 4 between the heat source side
heat exchanger 12 and the relay unit 3 and allows the heat
source side refrigerant to flow only 1n a predetermined direc-
tion (the direction from the heat source apparatus 1 to the
relay unit 3). The check valve 1356 1s provided with the first
connection pipeline 4a to allow the heat source side refriger-
ant to flow 1n the direction from the upstream side of the check
valve 13d to the upstream side of the check valve 13a. The
check valve 13c¢ 1s provided with the second connection pipe-
line 46 and allows the heat source side refrigerant to flow 1n
the direction from the downstream side of the check valve 134
to the downstream side of the check valve 13a.

[0116] The first connection pipeline 4a connects between
the refrigerant pipeline 4 at the upstream side of the check
valve 13d and the refrigerant pipeline 4 at the upstream side of
the check valve 13a 1n the heat source apparatus 1. The second
connection pipeline 45 connects between the refrigerant pipe-
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line 4 at the downstream side of the check valve 134 and the
refrigerant pipeline 4 at the downstream side of the check
valve 13a 1n the heat source apparatus 1. In FIG. 2, although

a case where the first and second connection pipelines 4a and
4b and the check valves 13a, 135, 13¢, and 134 are provided

as an example, 1t 1s not limited thereto and they may not
necessarily be provided.

Indoor Unait 2

[0117] Intheindoorunits 2, use side heat exchangers 26 are
mounted respectively. The use side heat exchanger 26 1s
adapted to be connected with the stop valve 24 of the second
relay unit 35 and the flow amount adjustment valve 25 via the
pipeline 5. The use side heat exchanger 26 exchanges heat
between the air supplied by the fan, not shown, and the heat
medium and generates a heating air or a cooling air for sup-
plying 1t to the air-conditioning subject area.

[0118] InFIG. 3, acase 1s shown where four indoor units 2
are connected with the second relay unit 356 and they are
illustrated as the indoor units 2a, 256, 2¢, and 24 {from under
this sheet. Corresponded with the indoor units 2a, 25, 2¢, and
2d, the use side heat exchangers 26 are 1llustrated as use side
heat exchangers 26a, 265, 26¢, and 264 {rom under this sheet.
Additionally, like FIG. 1, the connection number of the
indoor unit 2 1s not limited to four shown 1n FIG. 3.

Relay Unit 3

[0119] Therelay unit 3 1s constituted by dividing the hous-
ing into the first relay unit 3a and second relay unit 35.
Thereby, as mentioned above, one first relay unit 3a can be
connected two or more second relay units 35. In the first relay
unit 3a, a gas-liquid separator 14 and an expansion valve 16¢
are provided. In the second relay unit 35, there are provided
two mtermediate heat exchangers 15, four expansion valves

l

16, two pumps 21, four flow path switching valves 22, four

tlow path switching valves 23, four stop valves 24, and four
flow amount adjustment valves 25.

[0120] The gas-liquid separator 14 1s connected with one
reirigerant pipeline 4 connecting the heat source apparatus 1
and two refrigerant pipelines 4 connecting the first interme-
diate heat exchanger 15a and the second intermediate heat
exchanger 1556 of the second relay unit 35 and divides the heat
source side refrigerant supplied by the heat source apparatus
1 1nto a vapor refrigerant and a liquid refrigerant. The expan-
s1on valve 16e 1s provided between the refrigerant pipeline 4
connecting the expansion valves 16a and 165 and the gas-
liquid separator 14 and functions as a decompression valve
and a throttle apparatus to decompress and expand the heat
source side refrigerant. The expansion valve 16e¢ may be
constituted by such as an electronic expansion valve whose
opening-degree can be controlled variably.

[0121] Two intermediate heat exchangers 15 (the first and
the second intermediate heat exchangers 15aq and 155) func-
tion as a condenser or an evaporator, exchanges heat between
the heat source side refrigerant and the heat medium to supply
cooling energy or heating energy generated 1n the heat source
apparatus 1 to the indoor unit 2. In order to tlow the heat
source side refrigerant, the first intermediate heat exchangers
15a 1s provided between the gas-liquid separator 14 and the
expansion valve 164 to help the heat medium heat. In order to
tlow the heat source side refrigerant, the second intermediate

Aug. 4, 2011

heat exchangers 155 1s provided between the expansion valve
16a and the expansion valve 16c¢ to help the heat medium
cool.

[0122] The four expansion valves 16 (expansion valves 16a
to 16d) function as a decompression valve and a throttle
apparatus to decompress and expand the heat source side
refrigerant. The expansion valve 164 1s provided between the
expansion valve 166 and the second intermediate heat
exchanger 15b. The expansion valve 1656 1s provided so as to
run parallel to the expansion valve 16a. The expansion valve
16¢ 1s provided between the second intermediate heat
exchanger 1556 and the first relay unit 3a. The expansion valve
164 1s provided between the first intermediate heat exchanger
15a and the expansion valves 16a and 165. The four expan-
sion valves 16 may be constituted by such as an electronic
expansion valve whose opemng-degree can be controlled
variably.

[0123] The two pumps 21 (the first pump 21a and the sec-
ond pump 215) make the heat medium that flows through the
pipeline 5 circulate. The first pump 21a 1s provided 1n the
pipeline 5 between the first intermediate heat exchanger 13a
and the tlow path switching valve 22. The second pump 215 1s
provided 1n the pipeline 5 between the second intermediate
heat exchanger 155 and the tlow path switching valve 22. The
kind of the first and the second pumps 21a and 215 are not
limited 1n particular. They may be constituted by such as a
pump capable of controlling capacity.

[0124] The four flow path switching valves 22 (the flow
path switching valves 22a to 22d) are constituted by a three-
way valve to switch the heat medium tlow path. The number
of the flow path switching valve 22 1s adapted to correspond
to the number of 1nstalled indoor units 2 (it 1s four, here). In
the tlow path switching valve 22, each of the three valves 1s
connected with the first intermediate heat exchanger 154, the
second 1ntermediate heat exchanger 155, and the stop valve
24, respectively, and being provided at the inlet side of the
heat medium flow path 1n the use side heat exchanger 26. In
order to make them corresponded with the indoor unit 2, the
flow path switching valves 22a, 22b, 22¢, and 22d are 1llus-
trated from the downside of this sheet.

[0125] The four flow path switching valves 23 (the flow
path switching valves 23a to 23d) are constituted by a three-
way valve to switch the heat medium tlow path. The number
of the flow path switchung valve 23 is adapted to correspond
to the number of 1nstalled indoor units 2 (it 1s four, here). In
the tflow path switching valve 23, each of the three valves 1s
connected with the first intermediate heat exchanger 154, the
second imntermediate heat exchanger 155, and the flow amount
adjustment valve 25, respectively, and being provided at the
outlet side of the heat medium flow path 1n the use side heat
exchanger 26. In order to make them correspond with the
indoor unit 2, the flow path switching valves 23a, 235, 23c,
and 23d are illustrated from the downside of this sheet.

[0126] The four stop valves (the stop valves 24a to 24d) are
constituted by a two-way valve to open/close the pipeline 5.
The number of the stop valve 24 1s adapted to correspond to
the number of installed indoor units 2 (it 1s four, here). The
stop valve 24 1s connected with the use side heat exchanger 26
on one side and with the tlow path switching valve 22 on the
other side respectively, and provided at the inlet side of the
heat medium tlow path of the use side heat exchanger 26. In
order to make them correspond with the indoor unit 2, the stop
valves 24a, 245, 24c¢, and 24d are 1llustrated from the down-
side of this sheet.
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[0127] The four flow amount adjustment valves 25 (the
flow amount adjustment valves 25a to 25d) are constituted by
a three-way valve to switch the heat medium tlow path. The
number of the flow amount adjustment valve 25 1s adapted to
correspond to the number of installed indoor units 2 (1t 1s four,
here). In the flow amount adjustment valve 25, each of the
three valves 1s connected with the use side heat exchanger 26,
the bypass 27, and the tflow path switching valve 23, respec-
tively, and being provided at the outlet side of the heat
medium tlow path 1n the use side heat exchanger 26. In order
to make them correspond with the indoor unit 2, the flow

amount adjustment valves 22a, 225, 22¢, and 22d are 1llus-
trated from the downside of this sheet.

[0128] The bypass 27 1s provided so as to connect the
pipeline 5 between the stop valve 24 and the use side heat
exchanger 26 to the flow amount adjustment valve 25. The
number of the bypass 27 1s adapted to correspond to the
number of installed indoor units 2 (it 1s four here, that 1s,
bypasses 27a, 27b, 277c, and 27d). In order to make them
correspond with the indoor unit 2, the bypasses 27a, 275, 27c,
and 27d are illustrated from the downside of this sheet.

[0129] In the second relay unit 35, there are provided two
first temperature sensors 31, two second temperature sensors
32, four third temperature sensors 34, four fourth temperature
sensors, a fifth temperature sensor 35, a pressure sensor 36, a
s1xth temperature sensor 37, and a seventh temperature sensor
38. Information detected by these detection means 1s sent to
the controller (controller 60) that controls the operation of the
air-conditioning apparatus 100 to be utilized for the control of
the dnive frequency of the pump 21, the switching of the heat
medium tlow path flowing through the pipeline 5 and the like.

[0130] The two first temperature sensors 31 (the first tem-
perature sensors 31a and 315) detect the temperature of the
heat medium flowed out from the ntermediate heat
exchanger 13, that 1s, the temperature of the heat medium at
the outlet of the mmtermediate heat exchanger 15 and may be
constituted by a thermistor and the like, for example. The first
temperature sensor 31a 1s provided in the pipeline 5 at the
inlet side of the first pump 21a. The first temperature sensor
316 1s provided in the pipeline 5 at the inlet side of the second
pump 215.

[0131] The two second temperature sensors 32 (the second
temperature sensors 32a and 325) detect the temperature of
the heat medium flowed into the intermediate heat exchanger
15, that 1s, the temperature of the heat medium at the inlet of
the intermediate heat exchanger 15 and may be constituted by
a thermistor and the like, for example. The second tempera-
ture sensor 32a 1s provided 1n the pipeline 5 at the inlet side of
the intermediate heat exchanger 15a. The second temperature
sensor 325 1s provided in the pipeline 5 at the inlet side of the
second intermediate heat exchanger 155.

[0132] The four third temperature sensors 33 (the third
temperature sensors 33a to 33d) are provided at the inlet side
of the heat medium flow path of the use side heat exchanger
26 to detect the temperature of the heat medium flowing nto
the use side heat exchanger 26 and may be constituted by a
thermistor and the like. The number of the third temperature
sensors 33 1s adapted to correspond to the number of 1nstalled
indoor units 2 (it 1s four, here). In order to make them corre-
spond with the indoor unit 2, the third temperature sensors
33a, 335, 33c¢, and 334 are illustrated from the downside of
this sheet.

[0133] The four fourth temperature sensors 34 (the fourth
temperature sensors 34a to 34d) are provided at the outlet side
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of the heat medium flow path of the use side heat exchanger
26 to detect the temperature of the heat medium tflowing out
from the use side heat exchanger 26 and may be constituted
by a thermistor and the like. The number of the fourth tem-
perature sensors 34 1s adapted to correspond to the number of
installed indoor units 2 (it 1s four, here). In order to make the
corresponded with the indoor unit 2, the fourth temperature
sensors 34a, 345, 34c¢, and 34d are 1llustrated from the down-
side of this sheet.

[0134] The fifth temperature sensor 35 1s provided at the
outlet side of the heat source side refrigerant flow path of the
first intermediate heat exchanger 15a to detect the tempera-
ture of the heat source side refrigerant flowing out from the
first intermediate heat exchanger 154 and may be constituted
by a thermistor and the like. The pressure sensor 36 1s pro-
vided at the outlet side of the heat source side refrigerant flow
path of the first intermediate heat exchanger 15a to detect the
pressure of the heat source side refrigerant flowing out from
the first intermediate heat exchanger 154 and may be consti-
tuted by a pressure sensor and the like.

[0135] The sixth temperature sensor 37 1s provided at the
inlet side of the heat source side refrigerant tlow path of the
second 1ntermediate heat exchanger 1556 to detect the tem-
perature of the heat source side refrigerant flowing into the
second mntermediate heat exchanger 156 and may be consti-
tuted by a thermistor and the like. The seventh temperature
sensor 38 1s provided at the outlet side of the heat source side
refrigerant flow path of the second intermediate heat
exchanger 155 to detect the temperature of the heat source
side refrigerant flowing out from the second intermediate heat
exchanger 156 and may be constituted by a thermistor and the

like.

[0136] The pipeline 5 that makes the heat medium tlow
through 1s constituted by the pipeline connected with the first
intermediate heat exchanger 15a (hereinatter, referred to as
pipeline 5a) and the pipeline connected with the second inter-
mediate heat exchanger 155 (hereinafter, referred to as pipe-
line 5b6). The pipelines Sa and 36 are branched according to
the number of the indoor units 2 connected with the relay unit
3 (here, 4 branches each). The pipelines 5a and 56 are con-
nected by the flow path switching valve 22, the flow path
switching valve 23, and the flow amount adjustment valve 25.
By controlling the tlow path switching valve 22 and the flow
path switching valve 23, it 1s adapted to be determined
whether the heat medium throwing through the pipeline 3a 1s
made to tlow 1nto the use side heat exchanger 26 or the heat
medium flowing through the pipeline 556 1s made to flow 1nto
the use side heat exchanger 26.

[0137] In the air-conditioning apparatus 100, a controller
60 1s provided that controls the operation of each apparatus
mounted 1n the heat source apparatus 1, the relay unit 3, and
the indoor unit 2 based on information from a remote con-
troller for receiving instructions from each detection means
and users. The controller 60 1s adapted to control the dniving
frequency of the compressor 10 mounted on the heat source
apparatus 1, the rotation speed (including ON/OFF) of a fan
installed 1in the vicinity of the heat source side heat exchanger
12, switching of the four-way valve 11 or the like, and to
execute each operation mode to be mentioned later. Further,
the controller 60 1s adapted to control the rotation speed
(including ON/OFF) of a fan installed 1n the vicinity of the
use side heat exchanger 26.

[0138] Moreover, the controller 60 1s adapted to control the
drive of the pump 21 mounted on the relay unit 3, the opening-
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degree of the expansion valves 16a to 164, switching of the
flow path switching valve 22 and flow path switching valve
23, the opening and closing of the stop valve 24, and switch-
ing of the tlow amount adjustment valve 25. That 1s, the
controller 60 has a function as flow amount control means that
adjusts the heat medium flow amount 1n the relay unit 3, flow
path decision means that decides the flow path of the heat
medium, ON/OFF control means that executes ON/OFF of
cach apparatus, and control target value change means that
appropriately changes the set target value based on informa-
tion from each detection means. The controller may be pro-
vided 1n each umit. In that case, each controller may be set to
be communicable with each other. The control unit 1s consti-
tuted by a micro processor and the like.

[0139] In the air-conditioning apparatus 100, a refrigera-
tion cycle 1s constituted by connecting the refrigerant flow
path of the compressor 10, four-way valve 11, heat source
side heat exchanger 12, and {irst intermediate heat exchanger
15a, the refrigerant flow path of the second intermediate heat
exchanger 155, and the accumulator 17 by the refrigerant
pipeline 4 through which the refrigerant circulates. The heat
medium circulation circuit 1s constituted by connecting the
heat medium flow path of the first intermediate heat
exchanger 154, first pump 214, and use side heat exchanger
26 1n order by the pipeline 5a through which the heat medium
1s made to circulate. In the same way, the heat medium cir-
culation circuit 1s constituted by connecting the heat medium
flow path of the second intermediate heat exchanger 155,
second pump 215, and use side heat exchanger 26 1n order by
the pipeline 36 through which the heat medium 1s made to
circulate. That 1s, each intermediate heat exchanger 15 1s
connected with two or more use side heat exchangers 26 1n
parallel and the heat medium circulation circuit 1s made to
have two or more systems.

[0140] That 1s, 1n the air-conditioning apparatus 100, the
heat source apparatus 1 and the relay unit 3 are connected via
the first intermediate heat exchanger 15¢ and the second
intermediate heat exchanger 156 provided 1n the relay unit 3,
and the relay umit 3 and the indoor unit 2 are connected by the
first intermediate heat exchanger 15a and the second inter-
mediate heat exchanger 15b. In the first intermediate heat
exchanger 1354 and the second intermediate heat exchanger
155, the heat source side refrigerant that 1s a primary side heat
medium circulating 1n the refrigeration cycle and the heat
medium that 1s a secondary side refrigerant circulating the
heat medium circulation circuit are adapted to exchanges
heat.

[0141] Now, descriptions will be given to kinds of the
refrigerant used in the refrigeration cycle and the heat
medium circulation circuit. In the refrigeration cycle, non-
azeotropic mixture refrigerant such as R407C, pseudo-azeo-
tropic mixture reirigerant such as R410A and R404A, or
single refrigerant such as R22 and R134a can be used. A
natural refrigerant such as carbon dioxide and hydrocarbon
can be used as well. By using the natural refrigerant as the
heat source side refrigerant, an eifect 1s available to suppress
greenhouse etlect of the earth due to refrigerant leakage. In
particular, since carbon dioxide performs heat exchange with
no condensation at the high-pressure side under a supercriti-
cal condition, when the heat source side refrigerant and the
heat medium 1s made to be a counter tlow form 1n the first
intermediate heat exchanger 15aq second intermediate heat
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exchanger 156 as shown in FIG. 2, heat exchange perfor-
mance can be improved at the time of heating or cooling the
heat medium.

[0142] The heat medium circulation circuit 1s connected
with the use side heat exchanger 26 of the indoor unit 2 as
mentioned above. Accordingly, a high-security heat medium
1s assumed to be used 1n the air-conditioning apparatus 100,
considering a case where the heat medium leaks into the room
where the indoor unit 2 1s installed. Therefore, water, an
antifreezing liquid, and a water-antifreezing-liquid-mixture
or the like can be used for the heat medium. According to this
configuration, even if the refrigerant leaks from the pipeline,
the leaked refrigerant can be prevented from entering indoors,
enabling to achieve high reliability. When the indoor unit 2 1s
installed at a place hating water such as a computer room,
highly thermally insulative fluorinated inert fluid may be used
as the heat medium.

[0143] Here, descriptions will be given to each operation
mode that the air-conditioning apparatus 100 executes.
[0144] The air-conditioning apparatus 100 can perform
cooling operation or heating operation in the indoor unit 2
based on instructions from each indoor unit 2 itself. That 1s, 1n
the air-conditioning apparatus 100, not only all the indoor
units 2 can perform the same operation, but also each indoor
umt 2 can perform different operation respectively. In the
following, four operation modes that the air-conditioning
apparatus 100 performs will be explained along with the
refrigerant tlow: cooling only operation mode 1n which all
indoor units 2 in operation perform cooling operation; heat-
ing only operation 1n which all indoor units 2 1n operation
perform heating operation; cooling-main operation in which
the cooling load dominates; and heating-main operation in
which the heating load dominates.

Cooling Only Operation Mode

[0145] FIG. 4 1s a refrigerant circuit diagram showing a
refrigerant flow in the cooling only operation mode of the
air-conditioning apparatus. In FI1G. 4, cooling only operation
mode will be explained by an example 1n which cooling load
1s generated only 1n the use side heat exchangers 26a and 265.
That 1s, 1n FIG. 4 shows a case in which no cooling load is
generated in the use side heat exchangers 26¢ and 264. In FI1G.
4, the pipeline denoted by a thick line shows the pipeline
through which the refrigerant (heat source side refrigerant
and heat medium) circulates. A heat source side refrigerant
flow direction 1s denoted by a solid line arrow and a heat
medium tlow direction by a dotted line arrow, respectively.
[0146] Inthe case of cooling only operation mode shown 1n
FIG. 4, 1n the heat source apparatus 1, the four-way valve 11
1s switched so as to make the heat source side refrigerant
discharged from the compressor 10 flow 1nto the heat source
side heat exchanger 12. In the relay unit 3, the first pump 214
1s stopped, the second pump 215 1s driven, the stop valves 24a
and 24b are made open, the stop valves 24¢ and 24d are
closed, and the heat medium 1s made to circulate between the
second intermediate heat exchanger 156 and each use side
heat exchanger 26 (the use side heat exchangers 26a and 265).
Under these conditions, the compressor 10 starts operation.
[0147] Firstly, the heat source side refrigerant flow 1n the
refrigeration cycle will be explained.

[0148] A low-temperature low-pressure refrigerant 1s com-
pressed by the compressor 10 and turned into a high-tempera-
ture high-pressure gas refrigerant to be discharged. The high-
temperature high-pressure gas refrigerant discharged from
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the compressor 10 passes through the four-way valve 11 to
flow 1nto the heat source side heat exchanger 12. Then, 1t 1s
condensed and liquefied while releasing heat into the open air
in the heat source side heat exchanger 12 to turn mto a high-
pressure liquid refrigerant. The high-pressure liquid refriger-
ant flowed out from the heat source side heat exchanger 12
passes through the check valve 13q, flows out of the heat
source apparatus 1, passes through the refrigerant pipeline 4
to flow 1nto the first relay unit 3a. The high-pressure liquid
refrigerant flowed into the first relay unit 3a flows 1nto the
second relay unit 36 via the expansion valve 16e¢ after tlowing
into the gas-liquid separator 14.

[0149] Therefrigerant tlowing into the second relay umt 356
1s throttled by the expansion valve 16a and expanded to turn
into a low-temperature low-pressure gas-liquid two-phase
refrigerant. The gas-liquid two-phase refrigerant tlows into
the second intermediate heat exchanger 1556 that acts as an
evaporator to turn 1nto a low-temperature low-pressure gas
refrigerant while cooling the heat medium by absorbing heat
from the heat medium circulating 1n the heat medium circu-
lation circuit. The gas refrigerant flowing out from the second
intermediate heat exchanger 155 flows out from the second
relay unit 35 and the first relay unit 3a after passing through
the expansion valve 16c¢ to tlow 1nto the heat source apparatus
1 via the refrigerant pipeline 4. The refrigerant that flowed
into the heat source apparatus 1 flows through the check valve
134 to be sucked again into the compressor 10 via the four-
way valve 11 and the accumulator 17. The expansion valves
166 and 164 are adapted to have a small opening-degree such
that no refrigerant tflows and the expansion valve 16¢ 1s made
to be full-open so as not to occur pressure loss.

[0150] Next, heat medium flow 1n the heat medium circu-
lation circuit will be explained.

[0151] In the cooling only operation mode, since the first
pump 21a 1s stopped, the heat medium circulates via the
pipeline 5b. The heat medium cooled by the heat source side
refrigerant 1n the second mtermediate heat exchanger 155
flows 1n the pipeline 56 by the second pump 215. The heat
medium having pressurized in and flowed out from the sec-
ond pump 215 passes through the stop valve 24 (stop valves
24a and 245b) via the tlow path switching valve 22 (flow path
switching valves 22a and 225) to flow 1nto the use side heat
exchanger 26 (use side heat exchangers 26a and 265). Then,
the heat medium absorbs heat from the indoor air 1n the use
side heat exchanger 26 to perform cooling of the air-condi-
tioming subject area such as an inside of a room where the
indoor unit 2 1s installed.

[0152] Thereafter, the heat medium flowed out from the use
side heat exchanger 26 flows 1nto the flow amount adjustment
valve 25 (flow amount adjustment valves 25a and 25b).
Thereby, through the operation of the flow amount adjust-
ment valve 25, only the heat medium necessary to cover the
air-conditioning load required in the air-conditioning subject
area such as an inside of a room flows into the use side heat
exchanger 26 and the remaining heat medium flows through
the bypass 27 (bypasses 27a and 275) so as to bypass the use
side heat exchanger 26.

[0153] The heat medium passing through the bypass 27
does not contribute to heat exchange, merges with the heat
medium that has passed through the use side heat exchanger
26, passes through the tlow path switching valve 23 (flow path
switching valves 23a and 23b), and flows into the second
intermediate heat exchanger 1556 to be sucked into the second
pump 215 again. The air-conditioning load required by the
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air-conditioning subject area such as an 1nside of a room can
be covered by controlling the temperature difference between
the third temperature sensor 33 and the fourth temperature
sensor 34 to keep a target value.

[0154] Thereby, since there 1s no need to flow the heat
medium to the use side heat exchanger 26 (including thermo-
oll) having no air-conditioning load, the flow path is closed by
the stop valve 24 and the heat medium 1s prevented from
flowing into the use side heat exchanger 26. In FIG. 4, while
the heat medium 1s made to tlow because 1n the use side heat
exchangers 26a and 265 there 1s the air-conditioning load,
there 1s no air-conditioning load 1n the use side heat exchang-
ers 26¢ and 264 and the corresponding stop valves 24¢ and
244 are made to be a closed state. When a cooling load 1s
generated from the use side heat exchangers 26¢ or 264, the
stop valve 24¢ or 24d may be opened and the heat medium 1s
made to circulate.

Heating Only Operation Mode

[0155] FIG. 5 1s a refnigerant circuit diagram showing a
refrigerant flow at the time of the heating only operation mode
of the air-conditioning apparatus 100. In FIG. 5, heating only
operation mode will be explained by a case where a heating
load 1s generated only 1n the use side heat exchangers 264 and
2656 as an example. That 1s, FIG. § shows a case where no
heating load 1s generated 1n the use side heat exchangers 26¢
and 26d. In F1G. 5, the pipeline denoted by a thick line shows
the pipeline through which the refrigerant (heat source side
refrigerant and heat medium) circulates. A heat source side
refrigerant flow direction 1s denoted by a solid line arrow and
a heat medium tlow direction by a dotted line arrow, respec-
tively.

[0156] In the case of the heating only operation mode
shown 1n FIG. 5, 1n the heat source apparatus 1, the four-way
valve 11 1s switched so as to make the heat source side
refrigerant discharged from the compressor 10 tlow 1nto the
relay unit 3 without via the heat source side heat exchanger
12. In the relay unit 3, the first pump 21a 1s driven, the second
pump 215 1s stopped, the stop valves 24aq and 245 are made
open, the stop valves 24¢ and 24d are closed so as to make the
heat medium circulate between the first intermediate heat
exchanger 15a and each use side heat exchanger 26 (the use
side heat exchangers 26a and 265). Under these conditions,
the compressor 10 starts operation.

[0157] Firstly, the heat source side refrigerant flow 1n the
refrigeration cycle will be explained.

[0158] A low-temperature low-pressure refrigerant 1s com-
pressed by the compressor 10 and turned into a high-tempera-
ture high-pressure gas refrigerant to be discharged. The high-
temperature high-pressure gas refrigerant discharged from
the compressor 10 passes through the four-way valve 11,
flows through the first connection pipeline 4a, passes through
the check valve 135 to flow out from the heat source apparatus
1. The high-temperature high-pressure gas refrigerant flowed
out from the heat source apparatus 1 passes through the refrig-
crant pipeline 4 to flow 1nto the first relay unit 3a. The high-
temperature high-pressure gas refrigerant flowed into the first
relay unit 3q tlows into the first intermediate heat exchanger
15a after flowing into the gas-liquid separator 14. The high-
temperature high-pressure gas refrigerant flowed into the first
intermediate heat exchanger 15q 1s condensed and liquefied
to turn 1nto a high-pressure liquid refrigerant while releasing
heat to the heat medium circulating in the heat medium cir-
culation circuat.
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[0159] The lhiquid refrigerant flowing out from the first
intermediate heat exchanger 154 1s throttled by the expansion
valve 164 and expanded to turn into a low-temperature low-
pressure gas-liquid two-phase state. The gas-liqud two-
phase state refrigerant throttled by the expansion valve 164
passes through the expansion valve 165 and tflows through the
refrigerant pipeline 4 to flow into the heat source apparatus 1
again. The refrigerant flowed 1nto the heat source apparatus 1
passes through the second connection pipeline 46 via the
check valve 134 to flow into the heat source side heat
exchanger 12 that operates as an evaporator. Then, the refrig-
crant flowed 1nto the heat source side heat exchanger 12
absorbs heat from the open air therein to turn mnto a low-
temperature low-pressure gas refrigerant. The low-tempera-
ture low-pressure gas refrigerant flowed out from the heat
source side heat exchanger 12 returns to the compressor 10
via the four-way valve 11 and the accumulator 17. The expan-
sion valves 16a, 16¢, and 164 are made to have a small
opening-degree such that no refrigerant flows.

[0160] Next, descriptions will be given to the heat medium
flow 1n the heat medium circulation circuit.

[0161] Inthe heating only operation mode, since the second
pump 215 1s stopped, the heat medium circulates via the
pipeline Sa. The heat medium heated by the heat source side
refrigerant in the first intermediate heat exchanger 15a tlows
in the pipeline Sa by the first pump 21a. The heat medium that
1s pressurized by the first pump 21a and flowed out passes
through the stop valve 24 (stop valves 24a and 24b) via the
flow path switching valve 22 (flow path switching valves 22a
and 225b) to flow 1nto the use side heat exchanger 26 (use side
heat exchangers 26a and 26b). Then, the heat medium
releases heat to the indoor air in the use side heat exchanger 26
to perform heating of the air-conditioning subject area of the
inside of a room and the like where the indoor unit 2 is
installed.

[0162] Thereatfter, the heat medium flowed out from the use
side heat exchanger 26 flows 1nto the flow amount adjustment
valve 25 (flow amount adjustment valves 25a and 2556). Then,
through the operation of the flow amount adjustment valve
25, only the heat medium necessary to cover the air-condi-
tioming load required in the air-conditioning subject area such
as an 1nside of a room flows 1nto the use side heat exchanger
26 and the remaining heat medium flows through the bypass
277 (bypasses 27a and 275b) so as to bypass the use side heat
exchanger 26.

[0163] The heat medium passing through the bypass 27
does not contribute to heat exchange, merges with the heat
medium that has passed via the use side heat exchanger 26,
passes through the flow path switching valve 23 (flow path
switching valves 23q and 235b), and tlows 1nto the first inter-
mediate heat exchanger 15a to be sucked 1nto the first pump
21a again. The air-conditioning load required in the air-con-
ditioning subject area such as an inside of a room can be
covered by controlling the temperature difference between
the third temperature sensor 33 and the fourth temperature
sensor 34 to keep a target value.

[0164] Thereby, since there 1s no need to flow the heat
medium to the use side heat exchanger 26 (including thermo-
ofl) having no air-conditioning load, the flow path is closed by
the stop valve 24 and the heat medium i1s prevented from
flowing 1nto the use side heat exchanger 26. In FIG. 5, while
the heat medium 1s made to flow because 1n the use side heat
exchangers 26a and 2656 there 1s the air-conditioning load,
there 1s no air-conditioning load 1n the use side heat exchang-
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ers 26¢ and 264 and the corresponding stop valves 24¢ and
244 are made to be a closed state. When a cooling load 1s
generated from the use side heat exchanger 26c¢ or 264, the
stop valve 24¢ or 24d may be opened and the heat medium 1s
made to circulate.

Cooling-Main Operation Mode

[0165] FIG. 6 1s a refnigerant circuit diagram showing a
refrigerant flow at the time of the cooling-main operation
mode of the air-conditioning apparatus 100. In FIG. 6, the
cooling-main operation mode will be explained by a case
where a heating load i1s generated in the use side heat
exchangers 26a and a cooling load 1s generated 1n the use side
heat exchangers 265, as an example. That is, F1G. 6 illustrates
a case where neither heating load nor cooling load 1s gener-
ated 1n the use side heat exchangers 26¢ and 264. In FIG. 6,
the pipeline denoted by a thick line shows the pipeline
through which the refrigerant (heat source side refrigerant
and heat medium) circulates. A heat source side refrigerant
flow direction 1s denoted by a solid line arrow and a heat
medium flow direction by a dotted line arrow, respectively.
[0166] In the case of the cooling-main operation mode
shown 1n FIG. 6, 1in the heat source apparatus 1, the four-way
valve 11 1s switched so as to make the heat source side
refrigerant discharged from the compressor 10 flow into the
heat source side heat exchanger 12. In the relay unit 3, the first
pump 21a and the second pump 215 are driven, the stop
valves 24a and 245 are made open, the stop valves 24¢ and
24d are closed so as to make the refrigerant circulate between
the first intermediate heat exchanger 15a and the use side heat
exchanger 26a and between the second intermediate heat
exchanger 156 and the use side heat exchanger 265. Under
these conditions, the compressor 10 starts operation.

[0167] Firstly, the heat source side refrigerant flow 1n the
refrigeration cycle will be explained.

[0168] A low-temperature low-pressure refrigerant 1s com-
pressed by the compressor 10 and turned into a high-tempera-
ture high-pressure gas refrigerant to be discharged. The high-
temperature high-pressure gas refrigerant discharged from
the compressor 10 passes through the four-way valve 11 to
flow 1nto the heat source side heat exchanger 12. Then, the gas
refrigerant condenses while releasing heat into the outdoor air
in the heat source side heat exchanger 12 to turn into a gas-
liquid two-phase refrigerant. The gas-liquid two-phase refrig-
erant flowed out from the heat source side heat exchanger 12
passes through the check valve 13a, flows out from the heat
source apparatus 1, flows through the refrigerant pipeline 4 to
flow 1nto the first relay unit 3a. The gas-liquid two-phase
refrigerant flowed into the first relay unit 3a flows into the
gas-liquid separator 14, being separated into a gas refrigerant
and a liquid refrigerant to flow into the second relay unit 3.
[0169] The gasrelrigerant separated by the gas-liquid sepa-
rator 14 flows 1nto the first intermediate heat exchanger 15a.
The gas refrigerant flowed into the first intermediate heat
exchanger 15a 1s condensed and liquefied while releasing
heat to the heat medium circulating in the heat medium cir-
culation circuit to turn into a liquid refrigerant. The liquid
refrigerant having tlowed out from the second intermediate
heat exchanger 156 passes through the expansion valve 16d.
On the other hand, the liquid refrigerant separated by the
gas-liquid separator 14 flows 1nto the expansion valve 16e,
and merges with the liquid refrigerant passed through the
expansion valve 164 after being condensed and liquefied 1n
the first intermediate heat exchanger 15a. Then, the refriger-
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ant 1s throttled by the expansion valve 16a to expand, and
turns 1nto a low-temperature low-pressure gas-liquid two-
phase refrigerant to flow into the second intermediate heat
exchanger 15b.

[0170] By absorbing heat from the heat medium circulating
in the heat medium circulation circuit in the second interme-
diate heat exchanger 155 acting as an evaporator, the gas-
liquid two-phase refrigerant turns into a low-temperature
low-pressure gas refrigerant while cooling the heat medium.
The gas refrigerant flowed out from the second intermediate
heat exchanger 155 tlows out from the second relay umt 35
and first relay unit 3q alter passing via the expansion valve
16¢, passes through the refrigerant pipeline 4 to flow 1nto the
heat source apparatus 1. The refrigerant having flowed 1nto
the heat source apparatus 1 flows through the check valve 134
to be sucked into the compressor 10 again via the four-way
valve 11 and the accumulator 17. The expansion valve 165 1s
adapted to have a small opening-degree such that no refrig-
erant flows. The expansion valve 16¢ 1s made to be a full open
state so as not to occur pressure losses.

[0171] Next, descriptions will be given to the heat medium
flow 1n the heat medium circulation circuit.

[0172] Inthe cooling-main operation mode, since the both
first and second pumps 21ae and 215 are driven, the heat
medium circulates via the both pipelines Sa and 5b. The heat
medium heated by the heat source side refrigerant in the first
intermediate heat exchanger 15a flows through the pipeline
5a by the first pump 21a. The heat medium cooled by the heat
source side relrigerant in the second intermediate heat
exchanger 1556 tlows through the pipeline 36 by the second
pump 215b.

[0173] The heatmedium having pressurized and flowed out
from the first mump 21a passes through the stop valve 24a via
the tflow path switching valve 22a to flow into the use side heat
exchanger 26a. Then, the heat medium releases heat to the
indoor air in the use side heat exchanger 26a to heat the
air-conditioning subject area such as an inside of a room
where the indoor unit 2 1s installed. The heat medium having,
pressurized and tlowed out from the second mump 215 passes
through the stop valve 245 via the tlow path switching valve
22b to flow 1nto the use side heat exchanger 265. Then, the
heat medium absorbs heat from the indoor air in the use side
heat exchanger 265 to cool the air-conditioning subject area
such as an 1nside of a room where the indoor unit 2 1s installed.

[0174] The heat medium having performed heating flows
into the flow amount adjustment valve 254a. Then, through the
operation of the flow amount adjustment valve 254, only the
heat medium necessary to cover the air-conditioning load
required in the air-conditioning subject area flows into the use
side heat exchanger 26a and the remaining flows through the
bypass 27a so as to bypass the use side heat exchanger 26a.
The heat medium passing through the bypass 27a does not
contribute to heat exchange but merges with the heat medium
having passed via the use side heat exchanger 26a, passes
through the flow path switching valve 23a, flows into the first
intermediate heat exchanger 15a to be sucked by the first
pump 21a again.

[0175] Likewise, the heat medium having performed cool-
ing tlows into the tlow amount adjustment valve 255. Then,
through the operation of the tlow amount adjustment valve
25b, only the heat medium necessary to cover the air-condi-
tioming load required i1n the air-conditioning subject area
flows 1nto the use side heat exchanger 265 and the remaining
flows through the bypass 275 so as to bypass the use side heat
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exchanger 265. The heat medium passing through the bypass
2'7b does not contribute to heat exchange but merges with the
heat medium having passed via the use side heat exchanger
26b, passes through the flow path switching valve 235, and
flows 1nto the second intermediate heat exchanger 155 to be
sucked by the second pump 215 again.

[0176] Meanwhile, a warm heat medium (the heat medium
used for a heating load) and a cold heat medium (the heat
medium used for a cooling load) are made to flow into the use
side heat exchanger 26a having the heating load and the use
side heat exchanger 265 having the cooling load without
being mixed through the operation of the tlow path switching
valve 22 (the flow path switching valves 22a and 225) and the
flow path switching valve 23 (the flow path switching valves
23a and 23b). The air-conditioning load required by the air-
conditioning subject area such as an inside of a room can be
covered by controlling the temperature difference between
the third temperature sensor 33 and the fourth temperature

sensor 34 to keep a target value.

[0177] Thereby, since there 1s no need to flow the heat
medium to the use side heat exchanger 26 (including thermo-
olil) having no air-conditioning load, the tlow path 1s closed by
the stop valve 24 and the heat medium 1s prevented from
flowing 1nto the use side heat exchanger 26. In FIG. 6, while
the heat medium 1s made to flow because 1n the use side heat
exchangers 26a and 265 there 1s the air-conditioning load,
there 1s no air-conditioning load 1n the use side heat exchang-
ers 26¢ and 264 and the corresponding stop valves 24¢ and
244 are made to be a closed state. When a heating load or a
cooling load 1s generated from the use side heat exchanger
26¢ or 264, the stop valve 24¢ or 24d may be opened and the
heat medium 1s made to circulate.

Heating-Main Operation Mode

[0178] FIG. 7 1s a refrigerant circuit diagram showing a
refrigerant flow at the time of the heating-main operation
mode of the air-conditioning apparatus 100. In FIG. 7, the
heating-main operation mode will be explained by a case
where a heating load 1s generated in the use side heat
exchangers 26a and a cooling load 1s generated 1n the use side
heat exchangers 265, as an example. That is, F1G. 7 illustrates
a case where neither heating load nor cooling load are gener-
ated 1n the use side heat exchangers 26¢ and 264d. In FIG. 7,
the pipeline denoted by a thick line shows the pipeline
through which the refrigerant (heat source side refrigerant
and heat medium) circulates. A heat source side refrigerant

flow direction 1s denoted by a solid line arrow and a heat
medium tflow direction by a dotted line arrow, respectively.

[0179] In the case of the heating-main operation mode
shown 1n FIG. 7, 1n the heat source apparatus 1, the four-way
valve 11 1s switched so as to make the heat source side
refrigerant discharged from the compressor 10 flow into the
relay unit 3 without via the heat source side heat exchanger
12. In the relay unit 3, the first pump 21a and the second pump
21b are driven, the stop valves 24q and 245 are made open, the
stop valves 24¢ and 24d are closed so as to make the heat
medium circulate between the first intermediate heat
exchanger 15a and the use side heat exchanger 26a and
between the second intermediate heat exchanger 156 and the
use side heat exchanger 26b. Under these conditions, the
compressor 10 starts operation.
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[0180] Firstly, the heat source side refrigerant flow 1n the
refrigeration cycle will be explained.

[0181] A low-temperature low-pressure refrigerant 1s coms-
pressed by the compressor 10 and turned into a high-tempera-
ture high-pressure gas refrigerant to be discharged. The high-
temperature high-pressure gas refrigerant discharged from
the compressor 10 passes through the four-way valve 11,
flows through the first connection pipeline 4a, passes through
the check valve 135 to tlow out from the heat source apparatus
1. The high-temperature high-pressure gas refrigerant having
flowed out from the heat source apparatus 1 passes through
the refrigerant pipeline 4a to flow 1nto the first relay unit 3a.
The high-temperature high-pressure gas refrigerant having
flowed 1nto the first relay unit 3a flows 1nto the first interme-
diate heat exchanger 154 after flowing 1nto the intermediate
heat exchanger 14. The high-temperature high-pressure gas
reirigerant having flowed into the first intermediate heat
exchanger 135a condenses and liquefies while releasing heat
to the heat medium circulating in the heat medium circulation
circuit to turn 1nto a high-pressure liquid refrigerant.

[0182] The high-pressure liquid refrigerant having flowed
out from the first intermediate heat exchanger 154 1s throttled
by the expansion valve 16d and expanded to turn into a
low-temperature low-pressure gas-liquid two-phase state.
The gas-liquid two-phase state refrigerant throttled by the
expansion valve 164 1s branched into the flow path passing
through the expansion valve 16a and the flow path passing
through the expansion valve 16b. The refrigerant having
passed via the expansion valve 164 1s turther expanded by the
expansion valve 16qa, turns 1into a low-temperature low-pres-
sure gas-liquid two-phase refrigerant to flow 1nto the second
intermediate heat exchanger 155 acting as an evaporator. The
reirigerant having flowed into the second intermediate heat
exchanger 1556 absorbs heat from the heat medium therein to
turn into a low-temperature low-pressure gas refrigerant. The
low-temperature low-pressure gas refrigerant having flowed
out from the second intermediate heat exchanger 1556 passes
via the expansion valve 16c¢.

[0183] On the other hand, the refrigerant having throttled
by the expansion valve 164 and flowed into the expansion
valve 160 merges with the refrigerant having passed via the
second intermediate heat exchanger 155 and the expansion
valve 16c¢ to turn 1nto a low-temperature low-pressure relrig-
crant having larger dryness. Then, the merged refrigerant
flows out from the second relay unit 36 and the first relay unit
3a, and passes through the refrigerant pipeline 4 to tlow 1nto
the heat source apparatus 1. The refrigerant having tflowed
into the heat source apparatus 1 passes through the second
connection pipeline 45 via the check valve 13c¢ to flow 1nto the
heat source side heat exchanger 12 acting as an evaporator.
Then, the refrigerant having flowed 1nto the heat source side
heat exchanger 12 absorbs heat from the outdoor air therein to
turn into a low-temperature low-pressure gas refrigerant. The
low-temperature low-pressure gas refrigerant having flowed
out from the heat source side heat exchanger 12 returns to the
compressor 10 via the four-way valve 11 and accumulator 17.
The expansion valve 16e¢ 1s adapted to have a small opening
degree such that no refrigerant tlows.

[0184] Next, descriptions will be given to the heat medium
flow 1n the heat medium circulation circuit.

[0185] In the heating-main operation mode, since both the
first pump 21a and the second pump 215 are driven, the heat
medium circulates via both pipelines 5a and 5b5. The heat
medium having heated by the heat source side refrigerant in
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the first intermediate heat exchanger 154 tlows 1n the pipeline
5a by the first pump 21a. The heat medium having been
cooled by the heat source side refrigerant 1n the second 1nter-
mediate heat exchanger 156 tlows 1n the pipeline 56 by the
second pump 215b.

[0186] The heat medium having pressurized 1n and flowed
out from the first pump 21a passes through the stop valve 24a
via the flow path switching valve 22a to flow into the use side
heat exchanger 26a. Then, the heat medium releases heat to
the indoor air therein to heat the air-conditioning subject area
of such as an inside of a room where the indoor unit 2 1s
installed. The heat medium having pressurized 1n and flowed
out from the second pump 215 passes through the stop valve
24b via the flow path switching valve 225 to flow into the use
side heat exchanger 265. Then, the heat medium absorbs heat
from the indoor air therein to cool the air-conditioning subject
area of such as an inside of a room where the indoor unit 2 1s
installed.

[0187] The heat medium having flowed out from the use
side heat exchanger 26a tlows into the tlow amount adjust-
ment valve 25a. Then, through the operation of the flow
amount adjustment valve 254, only the heat medium neces-
sary to cover the air-conditioning load required in the air-
conditioning subject area such as an inside of a room flows
into the use side heat exchanger 26a and the remaining heat
medium flows through the bypass 27 so as to bypass the use
side heat exchanger 26a. The heat medium passing through
the bypass 27a does not contribute to heat exchange, merges
with the heat medium having passed via the use side heat
exchanger 264, passes through the flow path switching valve
23a, and flows 1nto the first intermediate heat exchanger 15a
to be sucked 1nto the second pump 21a again.

[0188] Likewise, the heat medium having flowed out from
the use side heat exchanger 265 flows into the flow amount
adjustment valve 255. Then, through the operation of the flow
amount adjustment valve 2556, only the heat medium neces-
sary to cover the air-conditioning load required 1n the air-
conditioning subject area such as an inside of a room flows
into the use side heat exchanger 265 and the remaining heat
medium flows through the bypass 275 so as to bypass the use
side heat exchanger 26b. The heat medium passing through
the bypass 275 does not contribute to heat exchange, merges
with the heat medium having passed via the use side heat
exchanger 265, passes through the flow path switching valve
23b, and flows 1nto the second intermediate heat exchanger
156 to be sucked 1nto the second pump 215 again.

[0189] Meanwhile, a warm heat medium and a cold heat
medium are made to tlow 1nto the use side heat exchanger 26a
having the heating load and the use side heat exchanger 2656
having the cooling load without being mixed through the
operation of the tlow path switching valve 22 (the flow path
switching valves 22a and 22b) and the flow path switching
valve 23 (the flow path switching valves 23a and 235). The
air-conditioning load required by the air-conditioning subject
area such as an 1nside of a room can be covered by controlling
the temperature difference between the third temperature sen-
sor 33 and the fourth temperature sensor 34 to keep a target
value.

[0190] Thereby, since there 1s no need to flow the heat
medium to the use side heat exchanger 26 (including thermo-
oll) having no air-conditioning load, the flow path is closed by
the stop valve 24 and the heat medium 1s prevented from
flowing 1nto the use side heat exchanger 26. In FIG. 7, while
the heat medium 1s made to tlow because 1n the use side heat
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exchangers 26a and 2656 there 1s the air-conditioning load,
there 1s no air-conditioning load 1n the use side heat exchang-
ers 26¢ and 264 and the corresponding stop valves 24¢ and
24d are made to be a closed state. When a heating load or a
cooling load 1s generated from the use side heat exchanger
26¢ or 264, the stop valve 24¢ or 24d may be opened and the
heat medium may be made to circulate.

[0191] As mentioned above, when the heating load 1s gen-
crated 1n the use side heat exchangers 26a to 264, by switch-
ing the corresponding tflow path switching valves 22a to 22d
and the flow path switching valves 23a to 234 to the flow path
connected with the first intermediate heat exchanger 134, and
when the cooling load 1s generated 1n the use side heat
exchangers 26a to 26d, by switching the corresponding flow
path switching valves 22a to 22d and the flow path switching
valves 23a to 234 to the flow path connected with the second
intermediate heat exchanger 155, heating operation or cool-
ing operation can be freely performed in each indoor unit 2.

[0192] The flow path switching valves 22a to 224 and the
flow path switching valves 23a to 234 may be, 1n addition to
those that can switch three flow paths such as a three-way
valve, those that can switch flow paths such as a combination
of two sets of those that open and close a two-direction flow
path such as an on-oil valve. Further, those that can change
the flow amount of a three-way flow path such as a stepping
motor drive type mixing valve and those that can change the
flow amount of a two-way tlow path such as an electronic
expansion valve may be used 1n combination as a flow path
switching valve, and 1n that case water hammer can be pre-
vented caused by a sudden opening or closing of the flow
path.

[0193] The air-conditioning load 1n the use side heat
exchangers 26a to 26d can be expressed by the formula (1) as
follows and becomes a product of the tlow amount, density,
and constant pressure specific heat of the heat medium by the
temperature difference of the heat medium at the inlet and
outlet of the use side heat exchangers 26a to 26d. Here, Vw
denotes the flow amount of the heat medium, pw the density
of the heat medium, Cpw the constant pressure specific heat
of the heat medium, Tw the temperature of the heat medium,
a sullix “in” the value at the heat medium 1nlet of the use side
heat exchangers 26a to 264, the sullix “out” the value at the
heat medium outlet of the use side heat exchangers 26a to
264, respectively.

Formula 1

O=V,  (Povin” CPrvine” Lyvin=Povore” CPrsvors Lvvoris)

~V P S o (Lt Loorir) (1)
[0194] That 1s, when the heat medium flow amount made to
flow 1nto the use side heat exchangers 26a to 264 1s constant,
the temperature difference at the heat medium inlet/outlet
varies according to the change 1n air-conditioning load in the
use side heat exchangers 26a to 26d4. With the temperature
difference at the ilet/outlet of the use side heat exchangers
26a to 26d being a target, by controlling the flow amount
adjustment valves 25a to 254 so that the difference
approaches the target value, 1t 1s possible to make an excess
heat medium flow 1nto the bypasses 27a to 274 and control the
flow amount tlowing into the use side heat exchangers 264 to
26d. The target value of the temperature difference at the
inlet/outlet of the use side heat exchangers 26a to 264 1s set at
5 degrees C., for example.
[0195] InFIGS. 3 to 7, although descriptions are given to a
case where the flow amount adjustment valves 25a to 254 are
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a mixing valve installed at the downstream side of the use side
heat exchangers 26a to 264, as an example, the use side heat
exchangers 26a to 264 may be installed at the upstream side.
[0196] The heat medium that has exchanged heat with the
use side heat exchangers 26a to 264 and the heat medium
having passed through the bypasses 27a to 274 with no heat
exchange and no change 1n temperature merge at a merging
point thereafter. At the merging point, the formula (2) as
follows holds. Here, Tw, and Tw_ . denote the heat medium
temperature 1n the inlet and outlet of the use side heat
exchangers 26a to 264, Vw the heat medium flow amount
flowing into the flow amount adjustment valves 25a to 254,
Vwr the heat medium flow amount flowing 1nto the use side
heat exchangers 26a to 26d, and Tw the heat medium tem-
perature after the merging of the heat medium having flowed
through the use side heat exchangers 26a to 264 and the heat
medium having flowed through the bypasses 27a to 274,
respectively.

Formula 2

Tw:( VW}’/VW) * Twauf_l-(l — Vwr/Vw) * Twin (2)

[0197] That 1s, when the heat medium having exchanged
heat with the use side heat exchangers 26a to 264 and being
subjected temperature change and the heat medium having,
passed through the bypasses 27a to 27d with no heat
exchange and no change 1n temperature merge, the tempera-
ture difference of the heat medium approaches the 1nlet tem-
perature of the use side heat exchangers 26a to 26d by a
by-passed flow amount. For example, when the total flow
amount 1s 20 L/min, the heat medium inlet temperature of the
use side heat exchangers 26a to 26d 7 degrees C., the outlet
temperature 13 degrees C., and the flow amount made to tlow
to the use side heat exchangers 26a to 264 side 10 L/min, the
temperature after the merging becomes 10 degrees C. by the
formula (2).

[0198] Now, the heat media of the merged temperature
return from each indoor unit 2 and are merged to tlow 1nto the
first intermediate heat exchanger 15a and the second inter-
mediate heat exchanger 1556. Thereby, 11 the heat exchange
amount 1s not changed 1n the first intermediate heat exchanger
15a or the second intermediate heat exchanger 155, the tem-
perature differences at the inlet and outlet become almost the
same through the heat exchange 1n the first intermediate heat
exchanger 15a or the second intermediate heat exchanger
1565.

[0199] That 1s, suppose that the inlet/outlet temperature
difference of the first intermediate heat exchanger 15q or the
second intermediate heat exchanger 155 1s 6 degrees C. and
originally, the inlet temperature 1s 13 degree C. and outlet
temperature 1s 7 degrees C. 1n the first mntermediate heat
exchanger 15a or the second intermediate heat exchanger
155. Then, the air-conditioning load decreases 1n the use side
heat exchangers 26a to 264 and the inlet temperature 1s low-
ered to 10 degrees C. of the first intermediate heat exchanger
15a or the second intermediate heat exchanger 155. Then, 11
nothing 1s done, since the first intermediate heat exchanger
15a or the second intermediate heat exchanger 155 exchanges
heat of almost the same amount, the heat medium flows out
from the first intermediate heat exchanger 15a or the second
intermediate heat exchanger 1556 at 4 degrees C., which 1s
repeated to cause the temperature to be decreased little by
little.

[0200] In order to prevent the above, the rotation speed of
the pump, which 1s the first pump 21a and the second pump
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215, may be varied according to the change 1n the air-condi-
tioming load of the use side heat exchangers 26a to 264 so that
the heat medium outlet temperature of the first intermediate
heat exchanger 15a or the second intermediate heat
exchanger 156 detected by the first temperature sensors 31a
and 315 approaches the target value. Thereby, when the air-
conditioning load 1s decreased, the rotation speed of the pump
1s lowered to result 1n energy-saving, and when the air-con-
ditioning load 1s increased, the rotation speed of the pump 1s
raised so that the air-conditioning load can be covered.

[0201] The second pump 215 1s made to be driven when
cooling load or dehumidifying load occurs 1n any of the use
side heat exchangers 26a to 264 and stopped when there 1s
neither cooling load nor dehumiditying load 1n every use side
heat exchanger 26a to 264.

[0202] The first pump 21a 1s made to be driven when heat-
ing load occurs 1n any of the use side heat exchangers 264 to

26d and stopped when there 1s no heating load 1n every use
side heat exchanger 26a to 26d.

[0203] Next, a case where each operation mode described
above 1s made to stop will be considered. It 1s assumed that
operation stop instruction 1s 1ssued from a remote controller.
Then, the air flow 1s made to stop by stopping the fan attached
to each indoor unit 2 and the refrigerant flow 1s made to stop
by stopping the compressor 10. In general, since the mdoor
unit 2 and the heat source apparatus 1 are controlled by
separate controllers, all indoor units 2 are not necessarily
connected with a single remote controller, and in one indoor
unit 2 or in one room, a single remote controller 1s often
installed.

[0204] In the conventional air-conditioning apparatus,
since the refrigerant (heat source side refrigerant) 1s made to
circulate 1n all the use side heat exchangers, when a stop
instruction 1s mput from the remote controller, 1t 1s arranged
that the fan of the corresponding 1ndoor unit 1s stopped firstly,
the solenoid valves and the electronic expansion valves or the
like are operated, and the refrigerant flow to each indoor unit
1s stopped. Then, according to the stop istruction from the
remote controller corresponding to the indoor unit operated
last, the fan of the corresponding indoor unit 1s stopped, the
reirigerant flow path 1s closed, and thereafter the compressor
10 1s stopped.

[0205] On the other hand, in the air-conditioning apparatus
100 according to Embodiment 1, the refnigerant delivered
from the heat source apparatus 1 exchanges heat with the heat
medium 1n the intermediate heat exchanger 15 and the heat
medium 1s adapted to flow 1n the pipeline 5 of the use side heat
exchangers 26a to 26d. Like the conventional air-condition-
ing apparatus, it1s considered that when the stop 1instruction is
1ssued to all the indoor units 2 under these conditions, the
corresponding fan may be stopped, the flow path of the heat
medium may be closed by the stop valve 24, thereafter the
pump 21 may be stopped, and the compressor 10 may be
stopped.

[0206] However, 1n the case where the air-conditioning
apparatus 1s stopped under such a order, since the pump 21 1s
not 1 operation when the compressor 10 1s stopped. There-
tore, when the stop of the compressor 10 1s delayed, because
no heat medium tlows 1n the intermediate heat exchanger 15,
the temperature of the heat medium 1n this portion abruptly
increases or decreases, the high-pressure of the compressor
10 abruptly increases or the low-pressure abruptly decreases
in response to that, possibly resulting 1n abnormal stop. In
particular, when the second intermediate heat exchanger 155
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operates as an evaporator, the heat medium 1n the first inter-
mediate heat exchanger 15q and the second mntermediate heat
exchanger 155 freezes, supposedly damaging the first inter-
mediate heat exchanger 15q and the second intermediate heat
exchanger 15b. Consequently, each operation mode 1s desir-
ably stopped according to the procedure as follows.

[0207] FIG. 81s a flowchart showing the processing tflow at
the time of stopping each operation mode. Based on FIG. 8,
stop of each operation mode will be explained. The controller
60 starts processing to stop each operation mode by the stop
instruction mput from the remote controller (F'10). Firstly, the
controller 60 stops the fan of the corresponding indoor unit 2
(FT1). Then, the controller 60 judges whether the indoor unit
2 to be stopped 1s the indoor unit 2 to be stopped last (F'12).
When the controller 60 judges that the indoor unit 2 to be
stopped 1s not the indoor unit 2 to be stopped last (F12: No),
the corresponding stop valve 24 1s closed and the heat
medium flow 1into each indoor unit 2 1s stopped (F17).

[0208] On the other hand, when the controller 60 judges
that the indoor unit 2 to be stopped 1s the indoor unit 2 to be
stopped last (FT2: Yes), the compressor 10 1s made to stop
(FT3). Thereafter, the controller 60 judges the operation
mode 1n execution (F'14). When the controller 60 judges that
it 1s cooling or dehumidiiying operation mode (an operation
mode 1n which only cooling load or dehumidifying load 1s
generated 1n any of the use side heat exchanger 26) (F14:
cooling/dehumidifying), the second pump 215 1s made to stop
(FTS).

[0209] When the controller 60 judges that 1t 1s heating
operation mode (an operation mode 1n which only heating
load 1s generated 1n any of use side heat exchangers 26 ) (F'14:
heating), the first pump 21a 1s made to stop (F16). That is, the
controller 60 stops the first pump 21a or the second pump 215
according to the operation mode. Finally, the controller 60
closes the corresponding stop valve 24 to stop the heat
medium flow to each indoor unit 2 (F'1'7). Then, processing at
the time of stopping each operation mode 1s terminated (F'T8).

[0210] When each operation mode 1s stopped as mentioned
above, since the first pump 21qa or the second pump 215 1s 1n
operation when the compressor 10 stops, a first heat medium
circulates in the first intermediate heat exchanger 15a or the
second intermediate heat exchanger 135, causing no abnor-
mal change i1n the high-pressure and low-pressure of the
compressor 10. When all the stop valves 24a to 24d are closed
prior to the stop of the first pump 214 or the second pump 215,
the circulation path of the heat medium 1s closed. Therefore,
since the operation of the first pump 21a or the second pump
216 cannot be continued, the last stop valve 24 1s made to
close after both first and second pumps 21a and 215 are
stopped.

[0211] Whenitispossibleto stop the compressor 10 and the
first pump 21a or the second pump 215 almost at the same
time, they may be stopped almost simultaneously. The term
almost simultaneously here means that that they may be
stopped at the same time, or even 11 the stop of the first pump
21a or the second pump 215 may be a little earlier, the stop of
the compressor 10 right after thereot 1s included within a short
time period, for example, within one second or two seconds
so thatno affect s caused 1n the high-pressure or low-pressure
of the refrigeration cycle. The temporal context of the stop
valves 24a to 244 and the first pump 21a or the second pump
21b 1s the same.

[0212] FIG. 9 1s a flowchart showing the processing tlow at
the time of starting each operation mode. Based on FIG. 9,
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descriptions will be given to start of each operation mode. The
controller 60 starts processing to start each operation mode by
the operation instruction mput from the remote controller
(GT0). Firstly, the controller 60 opens the stop valve 24
corresponding to the use side heat exchanger 26 to be oper-
ated to secure the heat medium flow path (GT11). Then, the
controller 60 judges whether the indoor unit 2 to be started 1s
the indoor unit 2 to be firstly started (G'12). When judging that
the indoor unit 2 to be started 1s not the indoor unit 2 to be
firstly started (G'12; No), processing 1s terminated (G17).

[0213] On the other hand, when the controller 60 judges
that the indoor unit 2 to be started 1s the indoor unit 2 to be
firstly started (G'12; Yes), the operation mode to be executed
1s judged (GT3). When the controller 60 judges that it 1s
cooling or dehumidifying operation mode (GT3; cooling/
dehumiditying), the second pump 215 1s made to operate
(GT4). When the controller 60 judges that the operation mode
to be executed 1s the heating operation mode (GT4; heating),
the first pump 21a 1s made to operate (GT5). That 1s, the
controller 60 operates either the first pump 21a or the second
pump 215 according to the operation mode. The controller 60
finally operates the compressor 10 after securing the heat
source of the compressor 10 (GT16). Then, processing at the
time of starting each operation mode 1s terminated (GT17).

[0214] Although the fan of the indoor unit 2 1s not shown, 1t
1s adapted to be simultaneously started with the start instruc-
tion at the time of the cooling operation mode and to be
operated after the heat medium temperature has risen to some
degree at the time of heating operation mode. When 1t 1s
possible to start the compressor 10 and the first pump 21a or
the second pump 215 almost at the same time, they may be
started almost simultaneously. The term almost simulta-
neously here means that that they may be started at the same
time, or even 1i the start of the compressor 10 may be a little
carlier, the start of the first pump 21qa or the second pump 2156
right after thereot 1s included within a short time period, for
example, within one second or two seconds so that no affect
1s caused 1n the high-pressure or low-pressure of the refrig-
eration cycle. The temporal context of the stop valves 24a to
24d and the first pump 21a or the second pump 215 1s the
same.

[0215] FIG. 10 1s a flowchart showing the processing flow
at the time of switching from the cooling-main operation
mode to the cooling only operation mode. Based on FIG. 10,
descriptions will be given to the processing tflow at the time of
switching from the cooling-main operation mode to the cool-
ing only operation mode. At the time of the cooling-heating
simultaneous operation in which cooling operation and heat-
ing operation are mixed, that is, at the time of switching
operation from the cooling-main operation mode or the heat-
ing-main operation, switching should be performed while
paying attention to the order of ON/OFF of the compressor 10
and the pump 21.

[0216] The controller 60 starts processing at the time of
switching from cooling-main operation mode to the cooling
only operation mode by the operation instruction mnput from
the remote controller (HT0). That 1s, the controller 60
switches the heat source side refrigerant flow at the refrigera-
tion cycle side from cooling-main operation mode to the
cooling only operation mode (HT1). Thereatter, the control-
ler 60 stops the first pump 21a at the heating side, which 1s a
pump not corresponded to the operation mode (here, cooling,
only operation mode) after the switching (H12). When the
first pump 21a 1s stopped prior to the switching of the opera-
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tion mode, high-pressure of the refrigerant increases and
operation elliciency 1s deteriorated, possibly resulting 1n an
abnormal stop.

[0217] However, by switching operation modes 1n such an
order mentioned above, mode switching can be performed
sately. The controller 60 closes the stop valve 24 correspond-
ing to the indoor unit 2 that performed heating operation lastly
alter stopping the first pump 21a to close the tlow path of the
heat medium (HT3). Then, processing at the time of switch-
ing from the cooling-main operation mode to the cooling only
operation mode 1s terminated (HT4).

[0218] FIG. 11 1s a flowchart showing the processing flow
at the time of switching from the heating-main operation
mode to the heating only operation mode. Based on FIG. 11,
descriptions will be given to the processing flow at the time of
switching from the heating-main operation mode to the heat-
ing only operation mode. As explained 1n FIG. 10, at the time
ol the cooling-heating simultaneous operation 1n which cool-
ing operation and heating operation are mixed, that 1s, at the
time of switching operation mode from the cooling-main
operation mode or the heating-main operation, switching

should be performed while paying attention to the order of
ON/OFF of the compressor 10 and the pump 21.

[0219] The controller 60 starts processing at the time of
switching from the heating-main operation mode to the heat-
ing only operation mode by the operation struction mnput
from the remote controller (K'T0). That 1s, the controller 60
switches the heat source side refrigerant flow at the refrigera-
tion cycle side from the heating-main operation mode to the
heating only operation mode (KT1). Thereafter, the controller
60 stops the second pump 215 at the cooling side, which 1s a
pump not corresponded to the operation mode (here, the
heating only operation mode) after the switching (KT2).
When the second pump 215 1s stopped prior to the switching
of the operation mode, since the heat source to evaporate the
refrigerant disappears, the low-pressure of the refrigerant
decreases, possibly resulting 1n freezing of the heat medium.

[0220] However, by switching operation modes in such an
order mentioned above, mode switching can be performed
sately. The controller 60 closes the stop valve 24 correspond-
ing to the mdoor unit 2 that performed cooling operation
lastly after stopping the second pump 215 to close the heat
medium flow path (KT3). Then, processing at the time of
switching from the heating-main operation mode to the heat-
ing only operation mode 1s terminated (H14).

[0221] At the time of switching explained 1n FIGS. 10 and
11, when 1t 1s possible to perform switching of the operation
mode and the stop of the first pump 21a or the second pump
216 almost at the same time, they may be performed almost
simultaneously. The term almost simultaneously here means
that that they may be performed exactly at the same time, or
even 11 the stop of the first pump 21a or the second pump 215
may be a little earlier, the switching of the operation mode
right after thereof 1s included within a short time period, for
example, within one second or two seconds so that no affect
1s caused 1n the high-pressure or low-pressure of the refrig-
eration cycle. The temporal context of the stop valves 24a to
244 and the first pump 21a or the second pump 215 1s the
same.

[0222] FIG. 12 15 a flowchart showing the processing flow
at the time of switching from the cooling only operation mode
to the cooling-main operation mode. Based on FIG. 12,
descriptions will be given to the processing tlow at the time of
switching from the cooling only operation mode to the cool-
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ing-main operation mode. At the time of the cooling-heating
simultaneous operation in which cooling operation and heat-
ing operation are mixed, that is, at the time of switching
operation mode to cooling-main operation mode or heating-
main operation, switching should be performed while paying,
attention to the order of ON/OFF of the compressor 10 and the
pump 21.

[0223] The controller 60 starts processing at the time of
switching from cooling only operation mode to cooling-main
operation mode by the operation instruction input from the
remote controller (LT0). That 1s, the controller 60 opens the
stop valve 24 corresponding to the indoor unit 2 that performs
heating operation firstly (LT1). Then, the controller 60 starts
the first pump 21a at the heating side (L12). Then, the con-
troller 60 switches the operation mode to be stopped to cool-
ing-main operation mode (LT3).

[0224] When the operation mode 1s switched prior to the
start of the first pump 21a, high-pressure of the refrigerant
increases and operation efliciency 1s deteriorated, possibly
resulting 1 an abnormal stop. However, by performing
switching 1n such an order mentioned above, mode switching
can be performed safely. As shown 1n LT1, the stop valve 24
corresponding to the indoor unit 2 having a heating load has
to be made open belfore starting the first pump 21a and the
flow path of the heat medium has to be secured.

[0225] FIG. 13 15 a flowchart showing the processing flow
at the time of switching from the heating only operation mode
to the heating-main operation mode. Based on FIG. 13,
descriptions will be given to the processing tflow at the time of
switching from heating only operation mode to the heating-
main operation mode. At the time of the cooling-heating
simultaneous operation in which cooling operation and heat-
ing operation are mixed, that is, at the time of switching
operation mode to cooling-main operation mode or heating-
main operation, switching should be performed while paying,
attention to the order of ON/OFF of the compressor 10 and the
pump 21.

[0226] The controller 60 starts processing at the time of
switching from heating only operation mode to heating-main
operation mode by the operation instruction input from the
remote controller (R10). That 1s, the controller 60 opens the
stop valve 24 corresponding to the indoor unit 2 that performs
cooling operation firstly (RT1). Then, the controller 60 starts
the second pump 215 at the cooling side (R12). Then, the
controller 60 switches the operation mode to be stopped to

heating-main operation mode (RT3).

[0227] When the operation mode 1s switched prior to the
start of the second pump 215, since there 1s no heat source to
evaporate the relfrigerant, low-pressure of the relfrigerant
decreases, possibly resulting 1n freezing of the heat medium.
However, by performing switching in such an order men-
tioned above, mode switching can be performed safely. As
shown 1n RT1, the stop valve 24 corresponding to the indoor
unit 2 having a cooling load has to be made open before
starting the second pump 215 and the tlow path of the heat
medium has to be secured.

[0228] At the time of the switching explained in FIGS. 12
and 13, when it 1s possible to perform switching of the opera-
tion mode and the start of the first pump 21a or the second
pump 215 almost at the same time, they may be performed
almost simultaneously. The term almost simultaneously here
means that that they may be performed at the same time, or
even 1f the switching of the operation mode may be a little
carlier, the start of the first pump 21qa or the second pump 2156

Aug. 4, 2011

1s included right after within a short time period, for example,
within one second or two seconds so that no affect 1s caused
in the high-pressure or low-pressure of the refrigeration
cycle. The temporal context of the stop valves 24a to 244 and
the first pump 21a or the second pump 215 1s the same.
[0229] As mentioned above, 1n the air-conditioning appa-
ratus 100 according to Embodiment 1, the stop, start or the
switching of the operation mode of the compressor 10 1s
performed during the stop, start or the switching of the opera-
tion mode of the system with the heat medium being circu-
lated 1n the intermediate heat exchanger 15. Thereby, 1t 1s
possible to have stable operation, to prevent the refrigeration
cycle operation efficiency from being deteriorated such that
high-pressure of the refrigerant becoming high or low, and to
improve system eificiency, achieving energy-saving.

[0230] Thatis, by performing stop control and start control,
the air-conditioming apparatus 100 does not fall into poor
eificiency operation conditions such that high-pressure
increases or low-pressure decreases of the refrigeration cycle,
can make the operation etficiency of the entire system includ-
ing start and stop improve to achieve high energy-saving.
When switching from cooling-main operation mode to heat-
ing-main operation mode or heating-main operation mode to
cooling-main operation mode, since the first pump 21a and
the second pump 215 are 1n operation in either operation
mode, they can be switched as they are.

[0231] As mentioned above, since the air-conditioning
apparatus 100 according to Embodiment 1 1s adapted to trans-
ter the heating energy and/or the cooling energy of the refrig-
eration cycle to the use side heat exchanger 26 via two or more
intermediate heat exchangers 15, the outdoor side housing
(the heat source apparatus 1) can be installed 1n the outdoor
space 6 at the outdoor side, the indoor side housing (the
indoor unit 2) 1n the mdoor side living space 7, and the heat
medium conversion housing (the relay umt 3) in the non-
living space 50, respectively. Therefore, the heat source side
refrigerant can be suppressed from flowing into the living
space 7 and safety and reliability of the system can be
improved.

[0232] Inthe air-conditioning apparatus 100, since the heat
medium such as water and brine 1s allowed to flow through the
heat medium circulation circuit, it 1s possible to reduce the
heat source side refrigerant amount and to mitigate the intlu-
ence on the environment at the time of the refrigerant leaking.
Further, by connecting the relay unit 3 and two or more indoor
units 2 with two heat medium pipelines (the pipeline 3)
respectively, the air-conditioning apparatus 100 can reduce
carrying power of water, facilitating energy-saving and easy
installation work.

Embodiment 2

[0233] FIG. 14 1s a circuit diagram showing a circuit con-
figuration of the air-conditioning apparatus 200 according
Embodiment 2. Based on FIG. 14, the circuit configuration of
the air-conditioning apparatus 200 will be explained. The
air-conditioning apparatus 200 performs cooling operation or
heating operation using the refrigeration cycle (the refrigera-
tion cycle and the heat medium circulation circuit) that cir-
culates the refrigerant (the heat source side refrigerant and the
heat medium) like the air-conditioming apparatus 100. The
air-conditioning apparatus 200 differentiates the configura-
tion of the flow amount adjustment valves 125aq to 1234
corresponding to the flow amount adjustment valves 25a to
25d from the air-conditioning apparatus 100 according to
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Embodiment 1. In Embodiment 2, descriptions will be given
focusing on differences from Embodiment 1, the same signs
will be provided with the same portions as Embodiment 1,
and descriptions will be omitted.

Relay Unit 3

[0234] The relay unit 3 1s provided with four flow amount
adjustment valves 125. The relay unit 3 1s provided with
neither bypass 27 nor stop valve 24. That i1s, since in the
air-conditioning apparatus 200, the flow amount adjustment
valve 125 1s constituted by a two-way flow path adjustment
valve, the bypass 27 connecting the pipeline 5 and the flow
amount adjustment valve 125 between the stop valve 24 and
the use side heat exchanger 26 and the stop valve 24 that
opens and closes the heat medium flow path become unnec-
essary. Other configurations of the air-conditioning apparatus
200 are the same as those of the air-conditioning apparatus
100 according to Embodiment 1.

[0235] The four flow amount adjustment valves 1235 (the
tlow amount adjustment valves 125a to 125d) are constituted
by two-way tlow path adjustment valves and switch the heat
medium tlow path. The flow amount adjustment valve 125 1s
adapted to be provided for the number (1t 1s four, here) cor-
responding to the number of the installed indoor units 2. The
flow amount adjustment valve 125 1s connected with the use
side heat exchanger 26 1n one side and with the flow path
switching valve 23 1n the other side respectively and provided
at the outlet side of the heat medium flow path of the use side
heat exchanger 26.

[0236] In this case, since the heat medium flow path can be
closed by the flow amount adjustment valves 25a to 254, there
1s no need to install the stop valves 24a to 244. Therefore, the
stop valve 24 may be replaced by the flow amount adjustment
valve 25. By making them correspond with the indoor units 2,
they are illustrated as flow amount adjustment valves 125a,
1255, 125¢, and 125d 1from under this sheet. The flow amount
adjustment valve 125 corresponds with the flow amount
adjustment valve 25 of the air-conditioning apparatus 100
according to Embodiment 1.

[0237] Here, operations of the air-conditioning apparatus
200 will be explained. FIG. 15 1s a flowchart showing the
processing tlow at the time of stopping each operation mode.
Based on FIG. 15, the stop of each operation mode will be
explained. The controller 60 starts processing to stop each
operation mode by the stop instruction iput from the remote
controller (ST1). Firstly, the controller 60 stops the fan of the
corresponding indoor unit 2 (ST1). Then, the controller 60
judges whether the indoor unit 2 to be stopped 1s the indoor
unit 2 to be lastly stopped (ST2). When the controller 60
judges that the indoor unit 2 to be stopped 1s not the mdoor
unit 2 to be lastly stopped (5812: No), the corresponding stop
valve 125 1s set at an extremely small opeming area such that
no heat medium flows therethrough and the heat medium flow
into each mndoor unit 2 1s made to stop (ST7).

[0238] On the other hand, when the controller 60 judges
that the indoor unit 2 to be stopped 1s the indoor unit 2 to be
lastly stopped (ST2: Yes), the compressor 10 1s made to stop
(ST3). Thereafter, the controller 60 judges the operation
mode having been 1n execution (ST4). When the controller 60
judges that 1t 1s cooling or dehumidiiying operation mode (an
operation mode 1n which only cooling load or dehumiditying
load 1s generated 1n any of the use side heat exchangers 26)
(ST4: cooling/dehumiditying), the second pump 215 1s made
to stop (ST5).

Aug. 4, 2011

[0239] When the controller 60 judges that 1t 1s heating
operation mode (an operation mode 1n which only heating
load 1s generated 1n any of the use side heat exchangers 26)
(ST4: heating), the first pump 21a 1s made to stop (ST16). That
1s, the controller 60 stops either the first pump 21a or the
second pump 215 according to the operation mode. Finally,
the controller 60 sets the corresponding stop valve 1235 at an
extremely small opening area such that no heat medium flows
therethrough and the heat medium flow 1nto each indoor unit
2 1s made to stop (ST7). And the processing at the time of
stopping each operation mode 1s terminated (ST8).

[0240] If each operation mode 1s stopped as mentioned
above, since the first pump 21qa or the second pump 215 15 1n
operation when the compressor 10 1s stopped, a first refriger-
ant circulates 1n the first intermediate heat exchanger 1354 or
the second intermediate heat exchanger 155, causing no
abnormal change 1n the high-pressure and low-pressure in the
compressor 10. When all the stop valves 125a to 1254 are
closed prior to the stop of the first pump 21a or the second
pump 215, the circulation path of the heat medium 1s closed.
Therefore, since the operation of the first pump 21a or the
second pump 215 cannot be continued, the last stop valve 125
1s made to close after both first and second pumps 21a and 215
are stopped.

[0241] Whenitis possibleto stop the compressor 10 and the
first pump 21a or the second pump 215 almost at the same
time, they may be stopped almost simultaneously. The defi-
nition of the term almost simultaneously 1s the same as
Embodiment 1.

[0242] FIG. 16 15 a flowchart showing the processing flow
at the time of starting each operation mode. Based on FIG. 16,
descriptions will be given to start of each operation mode. The
controller 60 starts processing to start each operation mode by
the operation instruction mput from the remote controller
(UTO0). Firstly, the controller 60 opens the stop valve 125
corresponding to the use side heat exchanger 26 to be oper-
ated to secure the heat medium flow path (UT1). Then, the
controller 60 judges whether the indoor unit 2 to be started 1s
the indoor unit 2 to be firstly started (UT2). When judging that
the indoor unit 2 to be driven 1s not the mndoor unit 2 to be
firstly started (UT2; No), processing 1s terminated (UT7).

[0243] On the other hand, when the controller 60 judges
that the indoor unit 2 to be started 1s the indoor unit 2 to be
firstly started (UT2; Yes), 1t judges the operation mode to be
executed (UT3). When the controller 60 judges that 1t 1s
cooling or dehumidifying operation mode (UT3; cooling/
dehumiditying), the second pump 215 1s made to operate
(UT4). When the controller 60 judges that it 1s heating opera-
tion mode (UT4; heating), the first pump 21aq 1s made to
operate (UT3). That 1s, the controller 60 operates either the
first pump 21a or the second pump 215 according to the
operation mode. The controller 60 finally operates the com-
pressor 10 after securing the heat source of the compressor 10
(UT6). Then, processing at the time of starting each operation
mode 1s terminated (UT7).

[0244] Although the fan of the indoor unit 2 1s not shown, 1t
1s adapted to be simultaneously started with the start imnstruc-
tion at the time of cooling operation mode and to be operated
alter the heat medium temperature has risen to some degree at
the time of heating operation mode. When 1t 1s possible to
start the compressor 10 and the first pump 21a or the second
pump 215 almost at the same time, they may be started almost
simultaneously. The definition of the term almost simulta-
neously 1s the same as that of Embodiment 1.
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[0245] FIG. 17 1s a flowchart showing the processing flow
at the time of switching from cooling-main operation mode to
cooling only operation mode. Based on FI1G. 17, descriptions
will be given to the processing tlow at the time of switching,
from cooling-main operation mode to cooling only operation
mode. At the time of cooling-heating simultaneous operation
in which cooling operation and heating operation are mixed,
that 1s, at the time of switching operation from cooling-main
operation mode or heating-main operation, switching should
be performed while paying attention to the order of ON/OFF
of the compressor 10 and the pump 21.

[0246] The controller 60 starts processing at the time of
switching from cooling-main operation mode to cooling only
operation mode by the operation instruction input from the
remote controller (VT0). That 1s, the controller 60 switches
the heat source side refrigerant flow at the refrigeration cycle
side from cooling-main operation mode to cooling only
operation mode (VT1). Then, the controller 60 stops the first
pump 21aq at the heating side (HT2). When the first pump 21a
1s stopped prior to the switching of the operation mode, high-
pressure of the refrigerant increases and operation efficiency
1s deteriorated, possibly resulting 1n an abnormal stop.

[0247] However, by switching operation modes in such an
order mentioned above, mode switching can be performed
sately. The controller 60 sets the stop valve 125 correspond-
ing to the indoor unit 2 that performed heating operation lastly
alter stopping the first pump 21a at an extremely small open-
ing area such that no heat medium flow therethrough to make
the flow path of the heat medium close (V'13). Then, process-
ing at the time of switching from cooling-main operation
mode to cooling only operation mode 1s terminated (V'14).

[0248] FIG. 18 15 a flowchart showing the processing flow
at the time of switching from the heating-main operation
mode to the heating only operation mode. Based on FIG. 18,
descriptions will be given to the processing tflow at the time of
switching from the heating-main operation mode to the heat-
ing only operation mode. As explained 1n FI1G. 15, at the time
of cooling-heating simultaneous operation 1n which cooling
operation and heating operation are mixed, that 1s, at the time
of switching operation mode from the cooling-main opera-
tion mode or the heating-main operation mode, switching

should be performed while paying attention to the order of
ON/OFF of the compressor 10 and the pump 21.

[0249] The controller 60 starts processing at the time of
switching from the heating-main operation mode to the heat-
ing only operation mode by the operation instruction input
from the remote controller (WT0). That 1s, the controller 60
switches the heat source side refrigerant flow at the refrigera-
tion cycle side from the heating-main operation mode to the
heating only operation mode (WT1). Then, the controller 60
stops the second pump 215 at the cooling side (WT2). When
the second pump 215 1s stopped prior to the switching of the
operation mode, since the heat source to evaporate the refrig-
crant disappears, low-pressure of the refrigerant decreases,
possibly resulting in freezing of the heat medium.

[0250] However, by switching operation modes in such an
order mentioned above, mode switching can be performed
sately. The controller 60 sets the stop valve 125 correspond-
ing to the mdoor unit 2 that performed cooling operation
lastly after stopping the second pump 215 at an extremely
small opening area such that no heat medium flow there-
through to make the flow path of the heat medium close

Aug. 4, 2011

(WT3). Then, processing at the time of switching from heat-
ing-main operation mode to heating only operation mode 1s

terminated (WT4).

[0251] FIG. 19 1s a flowchart showing the processing flow
at the time of switching from cooling only operation mode to
cooling-main operation mode. Based on FIG. 19, descrip-
tions will be given to the processing flow at the time of
switching from cooling only operation mode to cooling-main
operation mode. At the time of the cooling-heating simulta-
neous operation in which cooling operation and heating
operation are mixed, that 1s, at the time of switching operation
mode to cooling-main operation mode or heating-main
operation, switching should be performed while paying atten-
tion to the order of ON/OFF of the compressor 10 and the
pump 21.

[0252] The controller 60 starts processing at the time of
switching from cooling only operation mode to cooling-main
operation mode by the operation instruction input from the
remote controller (XTO0). That 1s, the controller 60 opens the
stop valve 125 corresponding to the indoor unit 2 that per-
forms heating operation firstly (X'11). Then, the controller 60
starts the first pump 21a at the heating side (X'12). Then, the
controller 60 switches the operation mode to be stopped to
cooling-main operation mode (L13).

[0253] When the operation mode 1s switched prior to the
start of the first pump 21a, high-pressure of the refrigerant
increases and operation efficiency 1s deteriorated, possibly
resulting 1n an abnormal stop. However, by switching opera-
tion modes 1n such an order mentioned above, mode switch-
ing can be performed sately. As shown 1n XT1, the stop valve
125 corresponding to the indoor unit 2 having a heating load
has to be made open before starting the first pump 21q and the
heat medium tlow path has to be secured.

[0254] FIG. 20 1s a flowchart showing the processing flow
at the time of switching from the heating only operation mode
to the heating-main operation mode. Based on FIG. 20,
descriptions will be given to the processing flow at the time of
switching from the heating only operation mode to the heat-
ing-main operation mode. At the time of cooling-heating
simultaneous operation 1n which cooling operation and heat-
ing operation are mixed, that is, at the time of switching
operation mode to the cooling-main operation mode or the
heating-main operation, switching should be performed
while paying attention to the order of ON/OFF of the com-
pressor 10 and the pump 21.

[0255] The controller 60 starts processing at the time of
switching from the heating only operation mode to the heat-
ing-main operation mode by the operation 1nstruction 1nput
from the remote controller (YT0). That 1s, the controller 60
opens the stop valve 125 corresponding to the mndoor unit 2
that performs cooling operation firstly (Y'11). Then, the con-
troller 60 starts the second pump 215 at the cooling side
(YT2). Then, the controller 60 switches the operation mode to
be stopped to the heating-main operation mode (Y13).

[0256] When the operation mode 1s switched prior to the
start of the second pump 215, since there 1s no heat source to
evaporate the relrigerant, low-pressure of the refrigerant
decreases, possibly resulting 1n freezing of the heat medium.
However, by performing switching in such an order men-
tioned above, mode switching can be performed safely. As
shown in Y11, the stop valve 125 corresponding to the indoor
unit 2 having a cooling load has to be made open before
starting the second pump 215 and the heat medium flow path
has to be secured.
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[0257] As mentioned above, 1n the air-conditioning appa-
ratus 200 according to Embodiment 2, stop, start, or the
switching of the operation mode of the compressor 10 1s
performed when stop, start, or the switching of the operation
mode of the system 1s performed with the heat medium being,
circulated 1n the imntermediate heat exchanger 15. Thereby, 1t
1s possible to have stable operation and to prevent the refrig-
eration cycle operation efficiency from being deteriorated
such that high-pressure of the refrigerant becoming high or
low, resulting 1n the improvement of system eiliciency and
energy-saving.

[0258] Thatis, by performing stop control and start control,
the air-conditioning apparatus 200 does no longer fall mnto
poor elficiency operation conditions such that high-pressure
of the refrigeration cycle increases or low-pressure decreases,
so that 1t 1s possible to improve the operation efficiency of the
entire system including start and stop and to achieve high
energy-saving. When switching from the cooling-main
operation mode to the heating-main operation mode or from
the heating-main operation mode to the cooling-main opera-
tion mode, since the first pump 21a and the second pump 215
are 1n operation in both operation modes, they can be
switched as they are.

[0259] In Embodiments 1 and 2, a case 1s explained where
both the first temperature sensor 31 and the second tempera-
ture sensor 32 are installed. However, 1n order to control the
first pump 21a and the second pump 215, any one of the first
temperature sensor 31 or the second temperature sensor 32
may be installed, and the other temperature detection means
need not be installed.

[0260] In Embodiments 1 and 2, descriptions are given to a
case where a pseudo-azeotropic mixture refrigerant such as
R410A and R404A, a non-azeotropic mixture refrigerant
such as R407C, a refrigerant and its mixture that 1s regarded
to have a smaller global warming potential such as
CF,CF—CH, including a double bond 1n the chemaical for-
mula, and a natural refrigerant such as carbon dioxide and
propane are available as the heat source side refrigerant, the
refrigerant 1s not limited thereto. In Embodiment 1, although
an example 1n which the accumulator 17 1s provided 1n the
heat source apparatus 1, the same operation and the same
cifect can be expected without the same.

[0261] Generally, the heat source side heat exchanger 12
and the use side heat exchanger 26 are often provided with a
fan and condensation and evaporation are promoted by an air
blast, though, 1t 1s not limited thereto. For example, a heat
exchanger such as a panel heater utilizing radiation may be
used for the use side heat exchanger 26, and a water-cooled
type heat exchanger that transiers heat by water and an anti-
freezing liquid for the heat source side heat exchanger 12. A
heat exchanger of any type may be used as long as having a
structure capable of dissipating or absorbing heat.

[0262] Anexampleis givento a case 1in which the flow path
switching valve 22, the flow path switching valve 23, the stop
valve 24, and the tlow amount adjustment valve 235 are pro-
vided while corresponding with each of the each use side heat
exchanger 26, though it 1s not limited thereto. For example, to
a single use side heat exchanger 26, two or more of them may
be connected. In such a case, the flow path switching valve 22,
the tlow path switching valve 23, the stop valve 24, and the
flow amount adjustment valve 235 connected with the same
single use side heat exchanger 26 may be made to perform 1n
the same way. Descriptions are given to a case where two
intermediate heat exchangers 135 are provided, though, the
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number 1s not limited thereto. Three or more may be provided
as long as configured to be able to cool and/or heat the heat
medium.

[0263] A case 1s shown 1 which the flow amount adjust-
ment valve 25, the third temperature sensor 33, and the fourth
temperature sensor 34 are installed nside the second relay
unmt 35, though, part of or all of them may be installed 1n the
indoor unit 2. If they are installed 1n the second relay unit 35,
since heat medium side valves and pumps or the like are
gathered 1n the same housing, there 1s an advantage that
maintenance becomes easy. On the other hand, 1f they are
installed in the indoor unit 2, since they can be handled like a
conventional direct-expansion expansion valve 1n the indoor
unit, usability 1s improved. Further, when they are installed in
the vicinity of the use side heat exchanger 26, there are advan-
tages that no impact 1s given by the heat loss of the extended
pipelines and the air-conditioning load 1n the indoor unit 2 can
be easily controlled.

1. An air-conditioming apparatus, comprising:

at least one intermediate heat exchanger that exchanges
heat between a refrigerant and a heat medium such as
water and an antifreezing liqud that 1s different from
said refrigerant;

a refrigeration cycle with which a compressor, an outdoor
heat exchanger, at least one expansion valve, and a
refrigerant side flow path of said intermediate heat
exchanger are connected via piping through which said
refrigerant flows;

a heat medium circulation circuit with which a heat
medium side flow path of said intermediate heat
exchanger, a pump, and a use side heat exchanger are
connected via piping through which said heat medium
flows; and

a controller that controls drive of said compressor and said
pump, wherein

said compressor and said outdoor heat exchanger are
accommodated 1n a heat source device,

said intermediate heat exchanger and said pump 1n a relay
unit, and

said use side heat exchanger 1n an indoor unit, respectively,
and

said controller performs at least one of operations to stop
said pump aiter the stop of said compressor when stop-
ping said compressor based on thermo-off due to
decrease 1n air-conditioning load 1n said use side heat
exchanger or an operation stop instruction and to start
said compressor aiter said pump 1s started when starting
said compressor based on the increase in air-condition-
ing load 1n said use side heat exchanger or operation start
instructions while the compressor 1s stopped.

2. The air-conditioning apparatus of claim 1, wherein

a flow amount adjustment valve 1s provided that adjusts
flow amount of said heat medium to tlow through said
cach use side heat exchanger at either inlet side or outlet
side of the heat medium side tlow path of said use side
heat exchanger, and

said controller stops said pump belore stopping all the heat
medium flow paths by said flow amount adjustment
valve corresponding to the use side heat exchanger in
operation lastly when said use side heat exchanger 1n
operation lastly 1s stopped.

3. (canceled)
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4. The air-conditioming apparatus of claim 1, wherein

a flow amount adjustment valve 1s provided that adjusts
flow amount of said heat medium to flow through said
cach use side heat exchanger at either inlet side or outlet
side of the heat medium side tflow path of said use side
heat exchanger, and

said controller starts said pump after controlling said flow
amount adjustment valve corresponding to said use side
heat exchanger having the operation instruction or an
air-conditioning load to make the heat medium flow path
an open state.

5. An air-conditioning apparatus, comprising:

at least two intermediate heat exchangers that exchange
heat between a refrigerant a heat medium such as water
and an antifreezing liquid that 1s different from said
refrigerant;

a refrigeration cycle with which a compressor, an outdoor
heat exchanger, at least one expansion valve, and a
reirigerant side flow path of said intermediate heat
exchanger are connected via piping through which said
refrigerant flows;

a heat medium circulation circuit with which a heat
medium side flow path of said intermediate heat
exchanger, at least two pumps, and a use side heat
exchanger are connected via piping through which said
heat medium flows; and

a controller that controls drive of said compressor and said
pump, wherein

said compressor and said outdoor heat exchanger are
accommodated 1n a heat source device,

said intermediate heat exchanger and said pump 1n a relay
unit, and

said use side heat exchanger in an indoor unit, respectively,
and

said controller performs at least one of operations to stop
said pump that does not correspond to an operation
mode after switching operation mode when performing
switching from cooling-heating mixed operation mode
that provides heating energy and cooling energy with
said use side heat exchanger to heating only operation
mode that provides only heating energy with said use
side heat exchanger or cooling only operation mode that
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provides only cooling energy with said use side heat
exchanger and to perform switching said operation
mode after starting said pump that has been stopped
before switching the operation mode when switching
from heating only operation mode that provides only
heating energy with said use side heat exchanger or
cooling only operation mode that provides only cooling
energy with said use side heat exchanger to cooling-
heating mixed operation that provides heating energy
and cooling energy with said use side heat exchanger.

6. The air-conditioning apparatus of claim 3, wherein

a flow amount adjustment valve 1s provided that adjusts
flow amount of said heat medium to flow through said
cach use side heat exchanger at either inlet side or outlet
side of the heat medium side flow path of said use side
heat exchanger, and

said controller, when switching operation mode and stop-
ping said pump that does not correspond to the operation
mode, stops said pump before controlling said tlow
amount adjustment valve corresponding to the use side
heat exchanger that does not correspond to the operation
mode to make all the heat medium flow paths close.

7. (canceled)

8. The air-conditioning apparatus of claim 5, wherein

a flow amount adjustment valve 1s provided that adjusts
flow amount of said heat medium to flow through said

cach use side heat exchanger at either inlet side or outlet
side of the heat medium side tflow path of said use side
heat exchanger, and

said controller, when making said pump start that has been
stopped before switching operation mode, makes said
pump start after controlling said flow amount adjust-
ment valve corresponding to the use side heat exchanger
that corresponds to the operation mode to make the heat
medium flow path open.

9. The air-conditioning apparatus of claim 2, wherein

said flow amount adjustment valve 1s constituted by a two-
way valve or a three-way valve.

10. The air-conditioning apparatus of claim 4, wherein

said tflow amount adjustment valve 1s constituted by a two-
way valve or a three-way valve.
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