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(54) MULTIPLE AIR CONDITIONER

(57)  Aliquid head pressure applied to an electronic
expansion valve disposed in front (at the inlet) of an in-
door heat exchanger is reduced so as to prevent failure
in opening and closing (operation failure) of the electronic
expansion valve. In a multi-unit air conditioner (1) includ-
ing a single outdoor unit (2) and a plurality of indoor units
(3) disposed below the outdoor unit (2) and connected
to the outdoor unit (2) via a coolant pipe (8), a decom-
pressing mechanism (7) including three electromagnetic
on-off valves (22, 23, 24) and three capillary tubes (25,
26, 27) having different lengths is provided near an outlet,
for cooling operation, of the outdoor unit (2), and a unit
constituted of each electromagnetic on-off valve and
each capillary tube connected to the electromagnetic on-
off valve is arranged in parallel with the coolant pipe (8).
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Description
{Technical Field}

[0001] The present invention relates to multi-unit air
conditioners, and particularly, to a multi-unit air condi-
tionerin which a head difference of a liquid coolant occurs
between an outdoor unit and an indoor unit disposed be-
low the outdoor unit.

{Background Art}

[0002] A known example of a multi-unit air conditioner
in which a head difference of a liquid coolant occurs be-
tween an outdoor unit and an indoor unit disposed below
the outdoor unit is a type having an electronic expansion
valve disposed in front of (i.e., at the inlet of) an indoor
heat exchanger (for example, see PTL 1).

{Citation List}
{Patent Literature}
[0003]

{PTL 1}
Japanese Unexamined Patent Application, Publica-
tion No. 2008-185292

{Summary of Invention}
{Technical Problem}

[0004] However, if such a multi-unit air conditioner is
installed in a tall building, the difference in elevation be-
tween the outdoor unit and the indoor unit can sometimes
be nearly 100 m. In such a case, in the multi-unit air con-
ditioner (refrigeration device) disclosed in PTL 1 men-
tioned above, an excessive liquid head pressure (i.e., a
pressure due to the head difference of the liquid coolant)
is applied to the electronic expansion valve, possibly re-
sulting in an inability to open and close the electronic
expansion valve.

[0005] In view of the circumstances described above,
the presentinvention provides a multi-unit air conditioner
that can reduce the liquid head pressure applied to the
electronic expansion valve disposed in front (i.e., at the
inlet) of the indoor heat exchanger so as to prevent failure
in opening and closing (operation failure) of the electronic
expansion valve.

{Solution to Problem}

[0006] In orderto solve the aforementioned problems,
the present invention employs the following solutions.

In a first aspect of a multi-unit air conditioner according
to the present invention, the multi-unit air conditioner in-
cludes a single outdoor unit and a plurality of indoor units
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disposed below the outdoor unit and connected to the
outdoor unit via a coolant pipe. A decompressing mech-
anism including at least two electromagnetic on-off
valves and at least two capillary tubes is provided near
an outlet, for cooling operation, of the outdoor unit. In the
decompressing mechanism, a unit constituted of each
electromagnetic on-off valve and the corresponding cap-
illary tube connected to the electromagnetic on-off valve
is arranged in parallel with the coolant pipe.

[0007] Inasecondaspect of a multi-unit air conditioner
according to the present invention, the multi-unit air con-
ditioner includes a single outdoor unit and a plurality of
indoor units disposed below the outdoor unit and con-
nected to the outdoor unit via a coolant pipe. A decom-
pressing mechanism including three electromagnetic on-
off valves and three capillary tubes having different
lengths is provided near an outlet, for cooling operation,
of the outdoor unit. In the decompressing mechanism, a
unit constituted of each electromagnetic on-off valve and
each capillary tube connected to the electromagnetic on-
off valve is arranged in parallel with the coolant pipe.
[0008] Inthe multi-unitair conditioner of the first or sec-
ond aspect according to the present invention, the
lengths of the capillary tubes are set such that, for exam-
ple, the decompression effect is "1" when all the capillary
tubes are used by opening all the electromagnetic on-off
valves, the decompression effect is "1/10" when the cap-
illary tube with the largest length (referred to as "longest
capillary tube" hereinafter) is used alone by only opening
the electromagnetic on-off valve connected to the longest
capillary tube, the decompression effect is "6/10" when
the capillary tube with the smallest length (referred to as
"shortest capillary tube" hereinafter) is used alone by only
opening the electromagnetic on-off valve connected to
the shortest capillary tube, and the decompression effect
is "3/10" when the capillary tube (referred to as "interme-
diate-length capillary tube" hereinafter) that is shorter
than the longest capillary tube but longer than the short-
est capillary tube is used alone by only opening the elec-
tromagnetic on-off valve connected to the aforemen-
tioned capillary tube.

The decompression effectis "4/10" when the longest cap-
illary tube and the intermediate-length capillary tube are
used by opening the electromagnetic on-off valves con-
nected to the longest capillary tube and the intermediate-
length capillary tube, the decompression effect is "7/10"
when the longest capillary tube and the shortest capillary
tube are used by opening the electromagnetic on-off
valves connected to the longest capillary tube and the
shortest capillary tube, and the decompression effect is
"9/10" when the intermediate-length capillary tube and
the shortest capillary tube are used by opening the elec-
tromagnetic on-off valves connected to the intermediate-
length capillary tube and the shortest capillary tube.
Specifically, by simply changing the combination (pat-
tern) of electromagnetic on-off valves to be opened, the
pressure of liquid coolant supplied (introduced) from the
outdoor unit to the indoor units can be reduced in several
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patterns.

Consequently, a liquid head pressure applied to an elec-
tronic expansion valve disposed in front (at the inlet) of
an indoor heat exchanger can be reduced, thereby pre-
venting failure in opening and closing (operation failure)
of the electronic expansion valve.

[0009] Inthe multi-unitair conditioner of the first or sec-
ond aspect, itis more preferable that the electromagnetic
on-off valves be electrically connected to a controller that
individually opens or closes the electromagnetic on-off
valves, and that the controller open or close the electro-
magnetic on-off valves on the basis of a coolant pressure
near the outlet of the outdoor unit during cooling opera-
tion, and also on the basis of the rotation speed of a
compressor that constitutes the outdoor unit.

[0010] With such a multi-unit air conditioner, the elec-
tromagnetic on-off valves are immediately opened or
closed onthe basis of the coolant pressure near the outlet
of the outdoor unit during cooling operation and also on
the basis of the rotation speed of the compressor consti-
tuting the outdoor unit, so that the liquid head pressure
applied to the electronic expansion valve disposed in
front of the indoor heat exchanger can be maintained at
an optimal pressure value.

Consequently, the electronic expansion valve disposed
in front of the indoor heat exchanger can be prevented
from receiving an excessive liquid head pressure, there-
by reliably preventing failure in opening and closing (op-
eration failure) of the electronic expansion valve.

{Advantageous Effects of Invention}

[0011] The multi-unit air conditioner according to the
present invention achieves the advantage of reducing a
liquid head pressure applied to an electronic expansion
valve disposed in front (at the inlet) of an indoor heat
exchanger so as to prevent failure in opening and closing
(operation failure) of the electronic expansion valve.

{Brief Description of Drawings}
[0012]

{Fig. 1} Fig. 1 is a schematic system view of a multi-
unit air conditioner according to an embodiment of
the present invention.

{Fig. 2} Fig. 2 is an enlarged view of a relevant part
of Fig. 1.

{Fig. 3} Fig. 3 is a table for explaining the lengths of
capillary tubes and decompression effects thereof.
{Fig. 4A} Fig. 4A is a graph in which data stored as
a database in a controller are visualized, and corre-
sponds to when a measurement value measured by
a high-pressure sensor is higher than a preset value.
{Fig. 4B} Fig. 4B is a graph in which the data stored
as a database in the controller are visualized, and
corresponds to when the measurement value meas-
ured by the high-pressure sensor is lower than the
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preset value.
{Fig. 5} Fig. 5 is a flow chart for operating the con-
troller.

{Description of Embodiments}

[0013] An embodiment of a multi-unit air conditioner
according to the present invention will be described be-
low with reference to Figs. 1 to 5.

Fig. 1 is a schematic system view of the multi-unit air
conditioner according to this embodiment. Fig. 2 is an
enlarged view of a relevant part of Fig. 1. Fig. 3 is a table
for explaining the lengths of capillary tubes and decom-
pression effects thereof. Figs. 4A and 4B are graphs in
which data stored as a database in a controller are vis-
ualized. Specifically, Fig. 4A is a graph corresponding to
when a measurement value measured by a high-pres-
sure sensor is higher than a preset value, whereas Fig.
4B is a graph corresponding to when the measurement
value measured by the high-pressure sensor is lower
than the preset value. Fig. 5 is a flow chart for operating
the controller.

As shownin Fig. 1, amulti-unit air conditioner 1 according
to this embodiment includes a single outdoor unit 2 and
a plurality of (e.g., two) indoor units 3.

[0014] The outdoor unit 2 is, for example, disposed on
a rooftop of a tall building, and includes a compressor 4,
a four-way valve 5, an outdoor heat exchanger 6, an out-
door fan (not shown), and a decompressing mechanism
7.

The indoor units 3 are disposed inside a room located at
alevel (floor) thatis, for example, 100 m below the rooftop
at which the outdoor unit 2 is disposed, and each include
an indoor heat exchanger (not shown) and an indoor fan
(not shown).

The outdoor unit 2 and the indoor units 3 are connected
via a coolant pipe 8, and a liquid control valve 9 is con-
nected to an intermediate section of the coolant pipe 8
connected between the decompressing mechanism 7
and the indoor units 3. The liquid control valve 9 is dis-
posed in the vicinity (i.e., at the outlet) of the outdoor unit
2, and a high-pressure sensor 10 for measuring the pres-
sure in the pipe is attached to an intermediate section of
the coolant pipe 8 connected between the decompress-
ing mechanism 7 and the liquid control valve 9. The high-
pressure sensor 10 is electrically connected to a control-
ler 28, to be described later, and a measurement value
(referred to as "high-pressure-sensor value" hereinafter)
measured by the high-pressure sensor 10 is converted
to an electrical signal before being output to the controller
28.

Electronic expansion valves 11 are connected to inter-
mediate sections of the coolant pipe 8 connected be-
tween the liquid control valve 9 and the indoor units 3.
Each electronic expansion valve (referred to as "EEV"
hereinafter) 11 is disposed in the vicinity (i.e., at the inlet)
of the corresponding indoor unit 3.

[0015] As shown in Fig. 2, the decompressing mech-
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anism 7 includes a single check valve 21, a plurality of
(e.g., three in this embodiment) electromagnetic on-off
valves 22, 23, and 24, and a plurality of (three in this
embodiment) capillary tubes 25, 26, and 27 having dif-
ferent lengths.

The electromagnetic on-off valve 22 is connected to the
capillary tube 25, the electromagnetic on-off valve 23 is
connected to the capillary tube 26, and the electromag-
netic on-off valve 24 is connected to the capillary tube
27. The check valve 21, the electromagnetic on-off valve
22 and the capillary tube 25, the electromagnetic on-off
valve 23 and the capillary tube 26, and the electromag-
netic on-off valve 24 and the capillary tube 27 are ar-
ranged in parallel via the coolant pipe 8.

The electromagnetic on-off valves 22, 23, and 24 are
electrically connected to the controller 28 such that the
opening and closing thereof are controlled by an electri-
cal signal output from the controller 28.

The check valve 21 is attached in a direction such that it
permits flow from the liquid control valve 9 toward the
outdoor heat exchanger 6 but inhibits flow from the out-
door heat exchanger 6 toward the liquid control valve 9.
[0016] The lengths of the capillary tubes 25, 26, and
27 are set such that, for example, the decompression
effect is "1" when all the capillary tubes 25, 26, and 27
are used by opening all the electromagnetic on-off valves
22,23, and 24 (see row 7 in Fig. 3), the decompression
effect is "1/10" when the capillary tube 25 is used alone
by only opening the electromagnetic on-off valve 22 (see
row 1 in Fig. 3), the decompression effect is "3/10" when
the capillary tube 26 is used alone by only opening the
electromagnetic on-off valve 23 (see row 2 in Fig. 3), and
the decompression effect is "6/10" when the capillary
tube 27 is used alone by only opening the electromag-
netic on-off valve 24 (see row 4 in Fig. 3).

The decompression effect is "4/10" when the capillary
tubes 25 and 26 are used by opening the electromagnetic
on-off valves 22 and 23 (see row 3 in Fig. 3), the decom-
pression effect is "7/10" when the capillary tubes 25 and
27 are used by opening the electromagnetic on-off valves
22 and 24 (see row 5 in Fig. 3), and the decompression
effect is "9/10" when the capillary tubes 26 and 27 are
used by opening the electromagnetic on-off valves 23
and 24 (see row 6 in Fig. 3).

[0017] The controller 28 stores (accumulates) a data-
base obtained by converting the graphs shown in Figs.
4A and 4B into data. The controller 28 opens or closes
the electromagnetic on-off valves 22, 23, and 24 in ac-
cordance with a flow chart shown in Fig. 5 so as to adjust
the pressure in front (at the inlets) of the EEVs 11.
Specifically, when the high-pressure-sensor value meas-
ured by the high-pressure sensor 10 is higher than or
equal to a preset value and the compressor rotation
speed (i.e., the rotation speed of the compressor 4) is
lower than or equal to a preset value, the controller 28
opens or closes the electromagnetic on-off valves 22,
23, and 24 by selecting the electromagnetic on-off valves
22, 23, and 24 and the capillary tubes 25, 26, and 27 to
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be used on the basis of the database stored in the con-
troller 28 so that the pressure in front (at the inlets) of the
EEVs 11 becomes equal to a desired pressure value.
For example, when the high-pressure-sensor value
measured by the high-pressure sensor 10 is higher than
or equal to the preset value and the compressor rotation
speed is lower than or equal to the preset value, and the
high-pressure-sensor value at that time is higher than
another preset value (second preset value) and the com-
pressor rotation speed is within a highest region stored
in the controller 28, the capillary tubes 25 and 27 are
used by opening the electromagnetic on-off valves 22
and 24.

When the high-pressure-sensor value measured by the
high-pressure sensor 10 is higher than or equal to the
preset value and the compressor rotation speed is lower
than or equal to the preset value, and the high-pressure-
sensor value at that time is higher than the other preset
value (second preset value) and the compressor rotation
speed is within a lowest region, the capillary tube 26 is
used alone by only opening the electromagnetic on-off
valve 23.

[0018] With the multi-unit air conditioner 1 according
to this embodiment, the lengths of the capillary tubes 25,
26, and 27 are set such that, for example, the decom-
pression effect is "1" when all the capillary tubes 25, 26,
and 27 are used by opening all the electromagnetic on-
off valves 22, 23, and 24, the decompression effect is
"1/10" when the longest capillary tube 25 is used alone
by only opening the electromagnetic on-off valve 22 con-
nected to the capillary tube 25, the decompression effect
is "6/10" when the shortest capillary tube 27 is used alone
by only opening the electromagnetic on-off valve 24 con-
nected to the capillary tube 27, and the decompression
effect is "3/10" when the capillary tube 26 that is shorter
than the capillary tube 25 but longer than the capillary
tube 27 is used alone by only opening the electromag-
netic on-off valve 23 connected to the capillary tube 26.
The decompression effect is "4/10" when the capillary
tubes 25 and 26 are used by opening the electromagnetic
on-off valves 22 and 23 respectively connected to the
capillary tubes 25 and 26, the decompression effect is
"7/10" when the capillary tubes 25 and 27 are used by
opening the electromagnetic on-off valves 22 and 24 re-
spectively connected to the capillary tubes 25 and 27,
and the decompression effectis "9/10" when the capillary
tubes 26 and 27 are used by opening the electromagnetic
on-off valves 23 and 24 respectively connected to the
capillary tubes 26 and 27.

Specifically, by simply changing the combination (pat-
tern) of electromagnetic on-off valves 22, 23, and 24 to
be opened, the pressure of liquid coolant supplied (intro-
duced) from the outdoor unit 2 to the indoor units 3 can
be reduced in several patterns.

Consequently, a liquid head pressure applied to the
EEVs 11 disposed in front (at the inlets) of the indoor
heat exchangers can be reduced, thereby preventing fail-
ure in opening and closing (operation failure) of the EEVs
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11.

[0019] Furthermore, the electromagnetic on-off valves
22,23, and 24 are electrically connected to the controller
28 that individually opens or closes the electromagnetic
on-off valves 22, 23, and 24, and the controller 28 is con-
figured to open or close the electromagnetic on-off valves
22, 23, and 24 on the basis of the coolant pressure near
the outlet of the outdoor unit 2 during cooling operation
and also on the basis of the rotation speed of the com-
pressor 4 constituting the outdoor unit 2.

Specifically, the electromagnetic on-off valves 22, 23,
and 24 are immediately opened or closed on the basis
of the coolant pressure near the outlet of the outdoor unit
2 during cooling operation and also on the basis of the
rotation speed of the compressor 4 constituting the out-
door unit 2, so that the liquid head pressure applied to
the EEVs 11 disposed in front of the indoor heat exchang-
ers can be maintained at an optimal pressure value.
Consequently, the EEVs 11 disposedin front of the indoor
heat exchangers can be prevented from receiving an ex-
cessive liquid head pressure, thereby reliably preventing
failure in opening and closing (operation failure) of the
EEVs 11.

[0020] The present invention is not limited to the
above-described embodiment, and permits various mod-
ifications and alterations so long as they do not depart
from the spirit of the invention.

For example, the above-described embodiment is direct-
ed to a specific example of the decompressing mecha-
nism 7 having the three electromagnetic on-off valves
22, 23, and 24 and the three capillary tubes 25, 26, and
27 having different lengths. However, the present inven-
tion is not limited to this configuration; the decompressing
mechanism 7 may alternatively be of a type that includes
three electromagnetic on-off valves and three capillary
tubes having the same length, a type that includes two
electromagnetic on-off valves and two capillary tubes
having different lengths, a type that includes two electro-
magnetic on-off valves and two capillary tubes having
the same length, a type that includes four or more elec-
tromagnetic on-off valves and four or more capillary tubes
having different lengths, or a type that includes four or
more electromagnetic on-off valves and four or more cap-
illary tubes having the same length.

{Reference Signs List}
[0021]

1 multi-unit air conditioner

2 outdoor unit

3 indoor unit

7 decompressing mechanism
8 coolant pipe

22 electromagnetic on-off valve
23  electromagnetic on-off valve
24  electromagnetic on-off valve
25  capillary tube
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26  capillary tube
27  capillary tube
28  controller

Claims

1. A multi-unit air conditioner comprising a single out-
door unit and a plurality of indoor units disposed be-
low the outdoor unit and connected to the outdoor
unit via a coolant pipe,
wherein a decompressing mechanism including at
least two electromagnetic on-off valves and at least
two capillary tubes is provided near an outlet, for
cooling operation, of the outdoor unit, wherein a unit
constituted of each electromagnetic on-off valve and
the corresponding capillary tube connected to the
electromagnetic on-off valve is arranged in parallel
with the coolant pipe.

2. A multi-unit air conditioner comprising a single out-
door unit and a plurality of indoor units disposed be-
low the outdoor unit and connected to the outdoor
unit via a coolant pipe,
wherein a decompressing mechanism including
three electromagnetic on-off valves and three capil-
lary tubes having different lengths is provided near
an outlet, for cooling operation, of the outdoor unit,
wherein a unit constituted of each electromagnetic
on-off valve and each capillary tube connected to
the electromagnetic on-off valve is arranged in par-
allel with the coolant pipe.

3. The multi-unit air conditioner according to Claim 1
or 2, wherein the electromagnetic on-off valves are
electrically connected to a controller that individually
opens or closes the electromagnetic on-off valves,
and wherein the controller opens or closes the elec-
tromagnetic on-off valves on the basis of a coolant
pressure near the outlet of the outdoor unit during
cooling operation, and also on the basis of the rota-
tion speed of a compressor that constitutes the out-
door unit.
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FIG. 4A
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FIG. 5
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