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(54) AIR CONDITIONER

(57) An air conditioning apparatus having a refriger-
ant circuit configured by connecting a compressor, an
outdoor heat exchanger, a first expansion valve (24), a
receiver (25), an opening/closing valve, and an indoor
heat exchanger, wherein the fully-closing first expansion
valve (24) is provided to the refrigerant circuit (10) in a
first disposed state in which refrigerant from the receiver
(25) flows in to a needle advancing direction side of a
valve seat (55). The first expansion valve (24) provided
in the first disposed state has a spring (62) for urging a
needle (61) in the needle advancing direction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an air condi-
tioning apparatus, and particularly to an air conditioning
apparatus having a refrigerant circuit configured by con-
necting a compressor, an outdoor heat exchanger, a first
expansion valve, a receiver, an opening/closing valve,
and an indoor heat exchanger.

BACKGROUND ART

[0002] In the past, there have been air conditioning ap-
paratuses that have a refrigerant circuit in which expan-
sion valves are provided on the upstream and down-
stream sides of a receiver, as shown in Patent Literature
1 (Japanese Laid-open Patent Unexamined publication
No. H10-132393). Specifically, the air conditioning ap-
paratus has a refrigerant circuit configured by connecting
a compressor, an outdoor heat exchanger, a first expan-
sion valve, a receiver, a second expansion valve (an
opening/closing valve), and an indoor heat exchanger.

SUMMARY OF THE INVENTION

[0003] When fully-closing expansion valves are used
as the expansion valves provided on the upstream and
downstream sides of the receiver, there is a risk of liquid
sealing occurring in the receiver when the two expansion
valves are fully closed. The term "liquid sealing" herein
means a state in which a predetermined space in the
refrigerant circuit is filled with liquid refrigerant and the
liquid refrigerant becomes sealed within the predeter-
mined space, and problems occur such as the equipment
constituting the predetermined space rupturing due to an
increase in temperature. Specifically, the portion in the
refrigerant circuit between the two expansion valves in-
cluding the receiver is filled with liquid refrigerant, the
liquid refrigerant becomes sealed in this portion, and
there is a risk of problems such as an increase in tem-
perature causing the receiver and other equipment con-
stituting this portion to rupture. In the configuration of
Patent Literature 1, an injection pipe is provided for draw-
ing refrigerant out of the upper space of the receiver and
injecting the refrigerant into the compressor, and a fully-
closing expansion valve could be used as a degassing
valve provided to this injection pipe, but there is still a
risk of liquid sealing in the receiver when the three ex-
pansion valves are fully closed in this case as well. Even
in a configuration in which a fully-closing expansion valve
(e.g., a first expansion valve) is provided to either one of
the upstream side and downstream side of the receiver
and a liquid-side shut-off valve is provided to the other
of the upstream side and downstream side of the receiv-
er, there is still a risk of liquid sealing in the receiver when
the first expansion valve and the liquid-side shut-off valve
are fully closed.

[0004] To prevent such liquid sealing in the receiver,
a liquid sealing prevention pipe must be provided to en-
able refrigerant to be let out at any time from the upper
space of the receiver, but because providing such a liquid
sealing prevention pipe increases cost and causes prob-
lems with installation space, it would be preferable to
prevent liquid sealing in the receiver without providing a
liquid sealing prevention pipe.
[0005] An object of the present invention is to provide
an air conditioning apparatus having a refrigerant circuit
configured by connecting a compressor, an outdoor heat
exchanger, a first expansion valve, a receiver, an open-
ing/closing valve, and an indoor heat exchanger, wherein
liquid sealing in the receiver can be prevented using fully-
closing expansion valves, without providing a liquid seal-
ing prevention pipe.
[0006] An air conditioning apparatus according to a first
aspect of the present invention is an air conditioning ap-
paratus having a refrigerant circuit configured by con-
necting a compressor, an outdoor heat exchanger, a first
expansion valve, a receiver, an opening/closing valve,
and an indoor heat exchanger. A fully-closing expansion
valve that is fully closed by a needle sitting on a valve
seat is used as the first expansion valve, and the first
expansion valve is provided to the refrigerant circuit in a
first disposed state in which refrigerant from the receiver
flows in from a needle advancing direction side of the
valve seat, and out to a needle retracting direction side
of the valve seat through a gap between the needle and
the valve seat, the needle advancing direction being the
direction in which the needle moves when the needle sits
on the valve seat, and the needle retracting direction be-
ing the direction in which the needle moves when the
needle retracts from the valve seat. The first expansion
valve provided to the refrigerant circuit in the first dis-
posed state has a spring for urging the needle seated on
the valve seat in the needle advancing direction when
the valve is fully closed, the first expansion valve being
configured so that the needle is released from sitting on
the valve seat when the urging force of the spring in the
needle advancing direction is overcome by a force push-
ing the needle in the needle retracting direction as gen-
erated by a counter-pressure valve-opening pressure dif-
ference, which is the difference between refrigerant pres-
sure in a space on the needle retracting direction side of
the valve seat and refrigerant pressure in a space on the
needle advancing direction side of the valve seat.
[0007] When a fully-closing expansion valve is used
as the first expansion valve and there is an increase in
refrigerant pressure in the portion of the refrigerant circuit
between the first expansion valve and the opening/clos-
ing valve including the receiver, the refrigerant in the por-
tion of the refrigerant circuit between the first expansion
valve and the opening/closing valve including the receiv-
er must be able to be let to the rest of the refrigerant
circuit in order to make liquid sealing in the receiver pre-
ventable without providing a liquid sealing prevention
pipe, even when the first expansion valve and the open-
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ing/closing valve are fully closed.
[0008] In view of this, the first expansion valve herein
is provided to the refrigerant circuit in a first disposed
state in which refrigerant from the receiver flows in from
the needle advancing direction side of the valve seat,
through a gap between the needle and the valve seat,
and out to the needle retracting direction side of the valve
seat, as described above. A force will thereby act to push
the needle in the needle retracting direction when the
counter-pressure valve-opening pressure difference oc-
curs, which is the difference between refrigerant pressure
in the space on the needle retracting direction side of the
valve seat and refrigerant pressure in the space on the
needle advancing direction side of the valve seat when
the first expansion valve is fully closed. The force pushing
the needle in the needle retracting direction due to this
counter-pressure valve-opening pressure difference is
utilized to provide a configuration in which the first ex-
pansion valve provided to the refrigerant circuit in the first
disposed state is provided with the spring for urging the
needle seated on the valve seat in the needle advancing
direction when the valve is fully closed, and when the
force pushing the needle in the needle retracting direction
due to the counter-pressure valve-opening pressure dif-
ference overcomes the urging force of the spring in the
needle advancing direction, the needle is released from
sitting on the valve seat. This yields a configuration in
which refrigerant in the portion of the refrigerant circuit
between the first expansion valve and the opening/clos-
ing valve including the receiver can be let toward the
outdoor heat exchanger when there is an increase in re-
frigerant pressure in the portion of the refrigerant circuit
between the first expansion valve and the opening/clos-
ing valve including the receiver.
[0009] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the opening/closing valve, and the
indoor heat exchanger, liquid sealing in the receiver can
be prevented without providing a liquid sealing preven-
tion pipe, despite a fully-closing expansion valve being
used as the first expansion valve.
[0010] An air conditioning apparatus according to a
second aspect is the air conditioning apparatus accord-
ing to the first aspect, wherein the opening/closing valve
is a liquid-side shut-off valve.
[0011] Specifically, the refrigerant circuit is configured
with a fully-closing first expansion valve provided to one
of the upstream and downstream sides of the receiver,
and a liquid-side shut-off valve provided to the other of
the upstream and downstream sides of the receiver.
Therefore, when the first expansion valve and the liquid-
side shut-off valve are fully closed, there is a risk of liquid
sealing in the receiver.
[0012] In view of this, the fully-closing first expansion
valve herein is provided to the refrigerant circuit in the
first disposed state in which refrigerant from the receiver
flows in from the needle advancing direction side of the

valve seat, and out to the needle retracting direction side
of the valve seat through a gap between the needle and
the valve seat, as described above. Therefore, a config-
uration can be achieved in which refrigerant in the portion
of the refrigerant circuit between the first expansion valve
and the liquid-side shut-off valve including the receiver
can be let toward the outdoor heat exchanger when there
is an increase in refrigerant pressure in the portion of the
refrigerant circuit between the first expansion valve and
the liquid-side shut-off valve including the receiver.
[0013] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the liquid-side shut-off valve, and the
indoor heat exchanger, liquid sealing in the receiver can
be prevented without providing a liquid sealing preven-
tion pipe, despite a fully-closing expansion valve being
used as the first expansion valve.
[0014] An air conditioning apparatus according to a
third aspect is the air conditioning apparatus according
to the first aspect, wherein the opening/closing valve is
a second expansion valve, and the second expansion
valve is a fully-closing expansion valve that is fully closed
by a needle sitting on a valve seat. At least one of the
first expansion valve and the second expansion valve in
this case is provided to the refrigerant circuit in a first
disposed state in which refrigerant from the receiver flows
in from a needle advancing direction side of the valve
seat, and out to a needle retracting direction side of the
valve seat through a gap between the needle and the
valve seat, the needle advancing direction being the di-
rection in which the needle moves when the needle sits
on the valve seat, and the needle retracting direction be-
ing the direction in which the needle moves when the
needle retracts from the valve seat. The first expansion
valve and/or the second expansion valve provided to the
refrigerant circuit in the first disposed state has a spring
for urging the needle seated on the valve seat in the nee-
dle advancing direction when the valve is fully closed,
the first expansion valve and/or the second expansion
valve being configured so that the needle is released
from sitting on the valve seat when the urging force of
the spring in the needle advancing direction is overcome
by a force pushing the needle in the needle retracting
direction as generated by a counter-pressure valve-
opening pressure difference, which is the difference be-
tween refrigerant pressure in a space on the needle re-
tracting direction side of the valve seat and refrigerant
pressure in a space on the needle advancing direction
side of the valve seat.
[0015] Specifically, the refrigerant circuit herein is con-
figured with a fully-closing first expansion valve provided
to one of the upstream and downstream sides of the re-
ceiver, and a fully-closing second expansion valve pro-
vided to the other of the upstream and downstream sides
of the receiver. Thus, when fully-closing expansion
valves are used as the first and second expansion valves
and there is an increase in refrigerant pressure in the
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portion of the refrigerant circuit between the two expan-
sion valves including the receiver, the refrigerant in the
portion of the refrigerant circuit between the two expan-
sion valves including the receiver must be able to be let
to the rest of the refrigerant circuit in order to prevent
liquid sealing in the receiver without providing a liquid
sealing prevention pipe, even when the two expansion
valves are fully closed.
[0016] In view of this, at least one of the first expansion
valve and the second expansion valve is provided to the
refrigerant circuit in the first disposed state in which re-
frigerant from the receiver flows in from the needle ad-
vancing direction side of the valve seat, and out to the
needle retracting direction side of the valve seat through
a gap between the needle and the valve seat, as de-
scribed above. In the first expansion valve and/or the
second expansion valve provided to the refrigerant circuit
in the first disposed state, a force thereby acts to push
the needle in the needle retracting direction when the
counter-pressure valve-opening pressure difference oc-
curs, which is the difference between refrigerant pressure
in a space on the needle retracting direction side of the
valve seat and refrigerant pressure in a space on the
needle advancing direction side of the valve seat when
the valve is fully closed. The force pushing the needle in
the needle retracting direction due to this counter-pres-
sure valve-opening pressure difference is utilized to pro-
vide a configuration in which the first expansion valve
and/or the second expansion valve provided to the re-
frigerant circuit in the first disposed state is provided with
the spring for urging the needle seated on the valve seat
in the needle advancing direction when the valve is fully
closed, and when the force pushing the needle in the
needle retracting direction due to the counter-pressure
valve-opening pressure difference overcomes the urging
force of the spring in the needle advancing direction, the
needle is released from sitting on the valve seat. This
makes it possible to yield a configuration in which refrig-
erant in the portion of the refrigerant circuit between the
two expansion valves including the receiver can be let
toward the outdoor heat exchanger and/or the indoor
heat exchanger when there is an increase in refrigerant
pressure in the portion of the refrigerant circuit between
the two expansion valves including the receiver.
[0017] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the second expansion valve, and the
indoor heat exchanger, liquid sealing in the receiver can
be prevented without providing a liquid sealing preven-
tion pipe, despite fully-closing expansion valves being
used as the first expansion valve and the second expan-
sion valve.
[0018] An air conditioning apparatus according to a
fourth aspect is the air conditioning apparatus according
to any of the first through third aspects, wherein the urging
force of the spring when the valve is fully closed is set
so that the sum total of the counter-pressure valve-open-

ing pressure difference and a maximum saturation pres-
sure is equal to or less than the proof pressure of the
receiver, the maximum saturation pressure being the re-
frigerant saturation pressure corresponding to the max-
imum value of atmospheric temperature in the location
where the receiver, the first expansion valve, and the
opening/closing valve are installed.
[0019] Thus, the urging force of the spring when the
valve is fully closed is set herein so that the sum total of
the counter-pressure valve-opening pressure difference
and the maximum saturation pressure is equal to or less
than the proof pressure of the receiver, the maximum
saturation pressure being the refrigerant saturation pres-
sure corresponding to the maximum value of atmospher-
ic temperature in the location where the first expansion
valve and the opening/closing valve are installed, as de-
scribed above. Even assuming conditions of an atmos-
pheric temperature so high that the refrigerant in the por-
tion of the refrigerant circuit between the first expansion
valve and the opening/closing valve including the receiv-
er increases in pressure to the maximum saturation pres-
sure, the force generated by the counter-pressure valve-
opening pressure difference to push the needle in the
needle retracting direction will thereby overcome the urg-
ing force of the spring in the needle advancing direction
before the proof pressure of the receiver is exceeded,
and the needle can be released from sitting on the valve
seat. Therefore, the refrigerant in the portion of the re-
frigerant circuit between the first expansion valve and the
opening/closing valve including the receiver can be let
toward the outdoor heat exchanger and/or the indoor
heat exchanger before the proof pressure of the receiver
is exceeded, and liquid sealing in the receiver can be
prevented.
[0020] Thus, in this air conditioning apparatus, liquid
sealing in the receiver can be appropriately prevented
while taking the proof pressure of the receiver into ac-
count.
[0021] An air conditioning apparatus according to a fifth
aspect is the air conditioning apparatus according to the
first aspect, wherein the refrigerant circuit further has a
gas purge valve for purging refrigerant from the upper
space of the receiver, and the gas purge valve is a fully-
closing expansion valve that is fully closed by a needle
sitting on a valve seat. At least one of the first expansion
valve and the gas purge valve in this case is provided to
the refrigerant circuit in a first disposed state in which
refrigerant from the receiver flows in from a needle ad-
vancing direction side of the valve seat, and out to a nee-
dle retracting direction side of the valve seat through a
gap between the needle and the valve seat, the needle
advancing direction being the direction in which the nee-
dle moves when the needle sits on the valve seat, and
the needle retracting direction being the direction in which
the needle moves when the needle retracts from the valve
seat. The first expansion valve and/or the gas purge valve
provided to the refrigerant circuit in the first disposed state
has a spring for urging the needle seated on the valve
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seat in the needle advancing direction when the valve is
fully closed, the first expansion valve and/or the gas
purge valve being configured so that the needle is re-
leased from sitting on the valve seat when the urging
force of the spring in the needle advancing direction is
overcome by a force pushing the needle in the needle
retracting direction as generated by a counter-pressure
valve-opening pressure difference, which is the differ-
ence between refrigerant pressure in a space on the nee-
dle retracting direction side of the valve seat and refrig-
erant pressure in a space on the needle advancing di-
rection side of the valve seat.
[0022] Specifically, the refrigerant circuit herein is con-
figured with a fully-closing first expansion valve provided
to one of the upstream and downstream sides of the re-
ceiver, an opening/closing valve provided to the other of
the upstream and downstream sides of the receiver, and
a fully-closing gas purge valve provided to the receiver.
Thus, when fully-closing expansion valves are used as
the first expansion valve and the gas purge valve and
there is an increase in refrigerant pressure in the portion
of the refrigerant circuit between the first expansion
valve, the opening/closing valve, and the gas purge valve
including the receiver, the refrigerant in the portion of the
refrigerant circuit between the first expansion valve, the
opening/closing valve, and the gas purge valve including
the receiver must be able to be let to the rest of the re-
frigerant circuit in order to prevent liquid sealing in the
receiver without providing a liquid sealing prevention
pipe, even when the first expansion valve, the open-
ing/closing valve, and the gas purge valve are fully
closed.
[0023] In view of this, at least one of the first expansion
valve and the gas purge valve is provided to the refrig-
erant circuit in the first disposed state in which refrigerant
from the receiver flows in from the needle advancing di-
rection side of the valve seat, and out to the needle re-
tracting direction side of the valve seat through a gap
between the needle and the valve seat, as described
above. In the first expansion valve and/or the gas purge
valve provided to the refrigerant circuit in the first dis-
posed state, a force thereby acts to push the needle in
the needle retracting direction when the counter-pres-
sure valve-opening pressure difference occurs, which is
the difference between refrigerant pressure in a space
on the needle retracting direction side of the valve seat
and refrigerant pressure in a space on the needle ad-
vancing direction side of the valve seat when the valve
is fully closed. The force pushing the needle in the needle
retracting direction due to this counter-pressure valve-
opening pressure difference is utilized to provide a con-
figuration in which the first expansion valve and/or the
gas purge valve provided to the refrigerant circuit in the
first disposed state is provided with the spring for urging
the needle seated on the valve seat in the needle ad-
vancing direction when the valve is fully closed, and when
the force pushing the needle in the needle retracting di-
rection due to the counter-pressure valve-opening pres-

sure difference overcomes the urging force of the spring
in the needle advancing direction, the needle is released
from sitting on the valve seat. This yields a configuration
in which refrigerant in the portion of the refrigerant circuit
between the first expansion valve, the opening/closing
valve, and the gas purge valve including the receiver can
be let toward the outdoor heat exchanger, the indoor heat
exchanger, and/or the compressor when there is an in-
crease in refrigerant pressure in the portion of the refrig-
erant circuit between the first expansion valve, the open-
ing/closing valve, and the gas purge valve including the
receiver.
[0024] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the opening/closing valve, the indoor
heat exchanger, and the gas purge valve, liquid sealing
in the receiver can be prevented without providing a liquid
sealing prevention pipe, despite fully-closing expansion
valves being used as the first expansion valve and the
gas purge valve.
[0025] An air conditioning apparatus according to a
sixth aspect is the air conditioning apparatus according
to the fifth aspect, wherein the opening/closing valve is
a liquid-side shut-off valve.
[0026] Specifically, the refrigerant circuit is configured
with a fully-closing first expansion valve provided to one
of the upstream and downstream sides of the receiver,
and a liquid-side shut-off valve provided to the other of
the upstream and downstream sides of the receiver.
Therefore, when the first expansion valve and the liquid-
side shut-off valve are fully closed, there is a risk of liquid
sealing in the receiver.
[0027] In view of this, the fully-closing first expansion
valve and/or gas purge valve herein is provided to the
refrigerant circuit in the first disposed state in which re-
frigerant from the receiver flows in from the needle ad-
vancing direction side of the valve seat, and out to the
needle retracting direction side of the valve seat through
a gap between the needle and the valve seat, as de-
scribed above. Therefore, a configuration can be
achieved in which refrigerant in the portion of the refrig-
erant circuit between the first expansion valve, the liquid-
side shut-off valve, and the gas purge valve including the
receiver can be let toward the outdoor heat exchanger
and/or the compressor when there is an increase in re-
frigerant pressure in the portion of the refrigerant circuit
between the first expansion valve, the liquid-side shut-
off valve, and the gas purge valve including the receiver.
[0028] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the liquid-side shut-off valve, the in-
door heat exchanger, and the gas purge valve, liquid
sealing in the receiver can be prevented without providing
a liquid sealing prevention pipe, despite fully-closing ex-
pansion valves being used as the first expansion valve
and the gas purge valve.
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[0029] An air conditioning apparatus according to a
seventh aspect is the air conditioning apparatus accord-
ing to the first aspect, wherein the opening/closing valve
is a second expansion valve, the refrigerant circuit further
has a gas purge valve for purging refrigerant from the
upper space of the receiver, and the second expansion
valve and the gas purge valve are fully-closing expansion
valves that are each fully closed by a needle sitting on a
valve seat. At least one of the first expansion valve, the
second expansion valve, and the gas purge valve in this
case is provided to the refrigerant circuit in a first disposed
state in which refrigerant from the receiver flows in from
a needle advancing direction side of the valve seat, and
out to a needle retracting direction side of the valve seat
through a gap between the needle and the valve seat,
the needle advancing direction being the direction in
which the needle moves when the needle sits on the valve
seat, and the needle retracting direction being the direc-
tion in which the needle moves when the needle retracts
from the valve seat. The first expansion valve, the second
expansion valve, and/or the gas purge valve provided to
the refrigerant circuit in the first disposed state has a
spring for urging the needle seated on the valve seat in
the needle advancing direction when the valve is fully
closed, the first expansion valve, the second expansion
valve, and/or the gas purge valve being configured so
that the needle is released from sitting on the valve seat
when the urging force of the spring in the needle advanc-
ing direction is overcome by a force pushing the needle
in the needle retracting direction as generated by a coun-
ter-pressure valve-opening pressure difference, which is
the difference between refrigerant pressure in a space
on the needle retracting direction side of the valve seat
and refrigerant pressure in a space on the needle ad-
vancing direction side of the valve seat.
[0030] Specifically, the refrigerant circuit herein is con-
figured with fully-closing first and second expansion
valves provided to the upstream and downstream sides
of the receiver, and a fully-closing gas purge valve pro-
vided to the receiver. Thus, when fully-closing expansion
valves are used as the first expansion valve, the second
expansion valve, and the gas purge valve and there is
an increase in refrigerant pressure in the portion of the
refrigerant circuit between the first expansion valve, the
second expansion valve, and the gas purge valve includ-
ing the receiver, the refrigerant in the portion of the re-
frigerant circuit between the first expansion valve, the
second expansion valve, and the gas purge valve includ-
ing the receiver must be able to be let to the rest of the
refrigerant circuit in order to prevent liquid sealing in the
receiver without providing a liquid sealing prevention
pipe, even when the first expansion valve, the second
expansion valve, and the gas purge valve are fully closed.
[0031] In view of this, at least one of the first expansion
valve, the second expansion valve, and the gas purge
valve is provided to the refrigerant circuit in the first dis-
posed state in which refrigerant from the receiver flows
in from the needle advancing direction side of the valve

seat, and out to the needle retracting direction side of the
valve seat through a gap between the needle and the
valve seat, as described above. In the first expansion
valve, the second expansion valve, and/or the gas purge
valve provided to the refrigerant circuit in the first dis-
posed state, a force thereby acts to push the needle in
the needle retracting direction when the counter-pres-
sure valve-opening pressure difference occurs, which is
the difference between refrigerant pressure in a space
on the needle retracting direction side of the valve seat
and refrigerant pressure in a space on the needle ad-
vancing direction side of the valve seat when the valve
is fully closed. The force pushing the needle in the needle
retracting direction due to this counter-pressure valve-
opening pressure difference is utilized to provide a con-
figuration in which the first expansion valve, the second
expansion valve, and/or the gas purge valve provided to
the refrigerant circuit in the first disposed state is provided
with the spring for urging the needle seated on the valve
seat in the needle advancing direction when the valve is
fully closed, and when the force pushing the needle in
the needle retracting direction due to the counter-pres-
sure valve-opening pressure difference overcomes the
urging force of the spring in the needle advancing direc-
tion, the needle is released from sitting on the valve seat.
This yields a configuration in which refrigerant in the por-
tion of the refrigerant circuit between the first expansion
valve, the second expansion valve, and the gas purge
valve including the receiver can be let toward the outdoor
heat exchanger, the indoor heat exchanger, and/or the
compressor when there is an increase in refrigerant pres-
sure in the portion of the refrigerant circuit between the
first expansion valve, the second expansion valve, and
the gas purge valve including the receiver.
[0032] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the second expansion valve, the in-
door heat exchanger, and the gas purge valve, liquid
sealing in the receiver can be prevented without providing
a liquid sealing prevention pipe, despite fully-closing ex-
pansion valves being used as the first expansion valve,
the second expansion valve, and the gas purge valve.
[0033] An air conditioning apparatus according to an
eighth aspect is the air conditioning apparatus according
to any of the fifth through seventh aspects, wherein the
urging force of the spring when the valve is fully closed
is set so that the sum total of the counter-pressure valve-
opening pressure difference and a maximum saturation
pressure is equal to or less than the proof pressure of
the receiver, the maximum saturation pressure being the
refrigerant saturation pressure corresponding to the
maximum value of atmospheric temperature in the loca-
tion where the receiver, the first expansion valve, the
opening/closing valve, and the gas purge valve are in-
stalled.
[0034] Thus, the urging force of the spring when the
valve is fully closed is set herein so that the sum total of
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the counter-pressure valve-opening pressure difference
and the maximum saturation pressure is equal to or less
than the proof pressure of the receiver, the maximum
saturation pressure being the refrigerant saturation pres-
sure corresponding to the maximum value of atmospher-
ic temperature in the location where the first expansion
valve, the opening/closing valve, and the gas purge valve
are installed, as described above. Even assuming con-
ditions of an atmospheric temperature so high that the
refrigerant in the portion of the refrigerant circuit between
the first expansion valve, the opening/closing valve, and
the gas purge valve including the receiver increases in
pressure to the maximum saturation pressure, the force
generated by the counter-pressure valve-opening pres-
sure difference to push the needle in the needle retracting
direction will thereby overcome the urging force of the
spring in the needle advancing direction before the proof
pressure of the receiver is exceeded, and the needle can
be released from sitting on the valve seat. Therefore, the
refrigerant in the portion of the refrigerant circuit between
the first expansion valve, the opening/closing valve, and
the gas purge valve including the receiver can be let to-
ward the outdoor heat exchanger, the indoor heat ex-
changer, and/or the compressor before the proof pres-
sure of the receiver is exceeded, and liquid sealing in the
receiver can be prevented.
[0035] Thus, in this air conditioning apparatus, liquid
sealing in the receiver can be appropriately prevented
while taking the proof pressure of the receiver into ac-
count.
[0036] An air conditioning apparatus according to a
ninth aspect is the air conditioning apparatus according
to the fourth or eighth aspect, wherein the proof pressure
of the receiver is a pressure value obtained by multiplying
the design pressure of the receiver by a safety factor.
[0037] Because the proof pressure herein is obtained
on the basis of the design pressure of the receiver, it is
possible to appropriately set the counter-pressure valve-
opening pressure difference of the first expansion valve,
the second expansion valve, and/or the gas purge valve
provided in the first disposed state, i.e., to appropriately
set the urging force of the spring when the valve is fully
closed.
[0038] An air conditioning apparatus according to a
tenth aspect is the air conditioning apparatus according
to the first or fifth aspect, wherein the opening/closing
valves are a second expansion valve and a liquid-side
shut-off valve connected between the second expansion
valve and the indoor heat exchanger, and the second
expansion valve is a fully-closing expansion valve that is
fully closed by a needle sitting on a valve seat. The sec-
ond expansion valve herein is provided to the refrigerant
circuit in a second disposed state in which refrigerant
from the receiver flows in from the needle retracting di-
rection side of the valve seat, and out to the needle ad-
vancing direction side of the valve seat through a gap
between the needle and the valve seat. The second ex-
pansion valve provided to the refrigerant circuit in the

second disposed state has a spring for urging the needle
seated on the valve seat in the needle advancing direc-
tion when the valve is fully closed, the second expansion
valve being configured so that the needle is released
from sitting on the valve seat when the urging force of
the spring in the needle advancing direction is overcome
by a force pushing the needle in the needle retracting
direction as generated by a counter-pressure valve-
opening pressure difference, which is the difference be-
tween refrigerant pressure in a space on the needle re-
tracting direction side of the valve seat and refrigerant
pressure in a space on the needle advancing direction
side of the valve seat.
[0039] When a fully-closing expansion valve is used
as the second expansion valve and both the liquid-side
shut-off valve and the second expansion valve come to
be fully closed due to a mishap such as erroneous oper-
ation of the liquid-side shut-off valve and/or the second
expansion valve, there is a risk that liquid sealing will
occur in the portion of the refrigerant circuit between the
liquid-side shut-off valve and the second expansion
valve. Specifically, there is a risk that the portion of the
refrigerant circuit between the liquid-side shut-off valve
and the second expansion valve will be filled with liquid
refrigerant, the liquid refrigerant will be sealed within this
portion, and an increase in temperature will cause the
liquid-side shut-off valve, the second expansion valve,
and/or other equipment configuring this portion to suffer
a rupture or the like. When there is an increase in refrig-
erant pressure in the portion of the refrigerant circuit be-
tween the liquid-side shut-off valve and the second ex-
pansion valve, the refrigerant in the portion of the refrig-
erant circuit between the liquid-side shut-off valve and
the second expansion valve must be able to be let to the
rest of the refrigerant circuit in order to make liquid sealing
preventable in the portion between the liquid-side shut-
off valve and the second expansion valve.
[0040] In view of this, in addition to preventing liquid
sealing in the receiver by providing the first expansion
valve (the first expansion valve and/or the gas purge
valve when there is also a gas purge valve) to the refrig-
erant circuit in the first disposed state as described
above, the second expansion valve is provided to the
refrigerant circuit in the second disposed state, in which
refrigerant from the receiver flows in from the needle re-
tracting direction side of the valve seat, and out to the
needle advancing direction side of the valve seat through
the gap between the needle and the valve seat. A force
will thereby act to push the needle in the needle retracting
direction when the counter-pressure valve-opening pres-
sure difference occurs, which is the difference between
refrigerant pressure in the space on the needle retracting
direction side of the valve seat and refrigerant pressure
in the space on the needle advancing direction side of
the valve seat when the second expansion valve is fully
closed. The force pushing the needle in the needle re-
tracting direction due to this counter-pressure valve-
opening pressure difference is utilized to provide a con-

11 12 



EP 3 009 773 A1

8

5

10

15

20

25

30

35

40

45

50

55

figuration in which the second expansion valve provided
to the refrigerant circuit in the second disposed state is
provided with the spring for urging the needle seated on
the valve seat in the needle advancing direction when
the valve is fully closed, and when the force pushing the
needle in the needle retracting direction due to the coun-
ter-pressure valve-opening pressure difference over-
comes the urging force of the spring in the needle ad-
vancing direction, the needle is released from sitting on
the valve seat. Therefore, a configuration can be
achieved in which refrigerant in the portion of the refrig-
erant circuit between the liquid-side shut-off valve and
the second expansion valve can be let toward the receiv-
er when there is an increase in refrigerant pressure in
the portion of the refrigerant circuit between the liquid-
side shut-off valve and the second expansion valve.
[0041] Thus, in the refrigerant circuit of this air condi-
tioning apparatus, configured by connecting the com-
pressor, the outdoor heat exchanger, the first expansion
valve, the receiver, the second expansion valve, the liq-
uid-side shut-off valve, and the indoor heat exchanger
(including the gas purge valve when there is also a gas
purge valve), liquid sealing in the receiver can be pre-
vented without providing a liquid sealing prevention pipe,
and liquid sealing between the liquid-side shut-off valve
and the second expansion valve can be prevented.
[0042] An air conditioning apparatus according to an
eleventh aspect is the air conditioning apparatus accord-
ing to the tenth aspect, wherein the urging force of the
spring of the second expansion valve when the valve is
fully closed is set so that the sum total of a maximum
saturation pressure and the counter-pressure valve-
opening pressure difference of the second expansion
valve is equal to or less than the minimum value of the
proof pressures of the components constituting the por-
tion of the refrigerant circuit from the second expansion
valve to the liquid-side shut-off valve, the maximum sat-
uration pressure being the refrigerant saturation pres-
sure corresponding to the maximum value of atmospher-
ic temperature in the location where the second expan-
sion valve and the liquid-side shut-off valve are installed.
[0043] The urging force of the spring when the valve
is fully closed is set herein so that the sum total of the
counter-pressure valve-opening pressure difference and
the maximum saturation pressure is equal to or less than
the minimum value of the proof pressures of the compo-
nents constituting the portion of the refrigerant circuit
from the second expansion valve to the liquid-side shut-
off valve, the maximum saturation pressure being the
refrigerant saturation pressure corresponding to the
maximum value of atmospheric temperature in the loca-
tion where the second expansion valve is installed, as
described above. Even assuming conditions of an atmos-
pheric temperature so high that the refrigerant in the por-
tion of the refrigerant circuit between the liquid-side shut-
off valve and the second expansion valve increases in
pressure to the maximum saturation pressure, the force
generated by the counter-pressure valve-opening pres-

sure difference to push the needle in the needle retracting
direction will thereby overcome the urging force of the
spring in the needle advancing direction before the proof
pressures of the components constituting the portion of
the refrigerant circuit from the second expansion valve
to the liquid-side shut-off valve are exceeded, and the
needle can be released from sitting on the valve seat.
Therefore, the refrigerant in the portion of the refrigerant
circuit between the liquid-side shut-off valve and the sec-
ond expansion valve can be let toward the receiver before
the proof pressures of the components constituting the
portion of the refrigerant circuit from the second expan-
sion valve to the liquid-side shut-off valve are exceeded,
and liquid sealing between the liquid-side shut-off valve
and the second expansion valve can be prevented. There
is a risk herein that the refrigerant let toward the receiver
will cause a pressure increase in the receiver, but be-
cause the first expansion valve (and the first expansion
valve and/or the gas purge valve when there is also a
gas purge valve) is provided in the first disposed state,
the refrigerant will be let toward the outdoor heat ex-
changer (toward the outdoor heat exchanger and/or the
compressor when there is also a gas purge valve) before
the proof pressure of the receiver is exceeded.
[0044] Thus, in addition to preventing liquid sealing in
the receiver without providing a liquid sealing prevention
pipe in this air conditioning apparatus, liquid sealing be-
tween the liquid-side shut-off valve and the second ex-
pansion valve can be appropriately prevented while tak-
ing into account the proof pressures of the components
constituting the portion of the refrigerant circuit from the
second expansion valve to the liquid-side shut-off valve.
[0045] An air conditioning apparatus according to a
twelfth aspect is the air conditioning apparatus according
to the eleventh aspect, wherein the proof pressures of
the components constituting the portion of the refrigerant
circuit from the second expansion valve to the liquid-side
shut-off valve are pressure values obtained by multiply-
ing the design pressures of the components constituting
the portion of the refrigerant circuit from the second ex-
pansion valve to the liquid-side shut-off valve by a safety
factor.
[0046] Because the proof pressures herein are ob-
tained on the basis of the design pressures of the com-
ponents constituting the portion of the refrigerant circuit
from the second expansion valve to the liquid-side shut-
off valve, it is possible to appropriately set the counter-
pressure valve-opening pressure difference of the sec-
ond expansion valve provided in the second disposed
state, i.e., to appropriately set the urging force of the
spring when the valve is fully closed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047]

FIG. 1 is a schematic configuration drawing of an air
conditioning apparatus according to an embodiment
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of the present invention.
FIG. 2 is a drawing showing the vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve.
FIG. 3 is a schematic cross-sectional view of the ex-
pansion valve.
FIG. 4 is a schematic cross-sectional view showing
a vicinity of a needle of the expansion valve when
the expansion valve is fully closed (with counter-
pressure valve-opening inactive).
FIG. 5 is a schematic cross-sectional view showing
the vicinity of the needle of the expansion valve when
the expansion valve is fully closed (with counter-
pressure valve-opening active).
FIG. 6 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 1.
FIG. 7 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 1.
FIG. 8 is a schematic configuration drawing of an air
conditioning apparatus according to Modification 2.
FIG. 9 is a schematic configuration drawing of an air
conditioning apparatus according to Modification 3.
FIG. 10 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 11 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 12 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 13 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 14 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 15 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 16 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, a second expansion valve,
and a liquid-side shut-off valve according to Modifi-
cation 3.
FIG. 17 is a schematic configuration drawing of an
air conditioning apparatus according to Modification
5.
FIG. 18 is a schematic configuration drawing of an

air conditioning apparatus according to Modification
5.
FIG. 19 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, and a liquid-side shut-off
valve according to Modification 5.
FIG. 20 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, and a liquid-side shut-off
valve according to Modification 5.
FIG. 21 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, and a liquid-side shut-off
valve according to Modification 5.
FIG. 22 is a drawing showing a vicinity of a first ex-
pansion valve, a receiver, and a liquid-side shut-off
valve according to Modification 5.

DESCRIPTION OF EMBODIMENTS

[0048] An embodiment and modifications of an air con-
ditioning apparatus according to the present invention is
described below with reference to the drawings. The spe-
cific configuration of the air conditioning apparatus ac-
cording to the present invention is not limited to the fol-
lowing embodiment or the modifications thereof, and can
be modified within a range that does not deviate from the
scope of the invention.

(1) Configuration of Air Conditioning Apparatus

[0049] FIG. 1 is a schematic configuration drawing of
an air conditioning apparatus 1 according to an embod-
iment of the present invention.
[0050] The air conditioning apparatus 1 is an apparatus
capable of cooling or warming the interior of a room in a
building or the like by performing a vapor-compression
refrigeration cycle operation. The air conditioning appa-
ratus 1 is configured by connecting primarily an outdoor
unit 2 and an indoor unit 4. The outdoor unit 2 and the
indoor unit 4 herein are connected via a liquid refrigerant
communication pipe 5 and a gas refrigerant communica-
tion pipe 6. Specifically, a vapor-compression refrigerant
circuit 10 of the air conditioning apparatus 1 is configured
by connecting the outdoor unit 2 and the indoor unit 4 via
the refrigerant communication pipes 5, 6. Various refrig-
erants can be used as the refrigerant sealed in the re-
frigerant circuit 10, but R32, a type of HFC refrigerant, is
sealed in as the refrigerant in this case.

<Indoor Units>

[0051] The indoor unit 4, which is installed in a room,
configures part of the refrigerant circuit 10. The indoor
unit 4 has primarily an indoor heat exchanger 41.
[0052] The indoor heat exchanger 41 is a heat ex-
changer that functions as an evaporator of refrigerant
and cools indoor air during an air-cooling operation, and
functions as a heat radiator of refrigerant and heats in-
door air during an air-warming operation. The liquid side
of the indoor heat exchanger 41 is connected to the liquid
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refrigerant communication pipe 5, and the gas side of the
indoor heat exchanger 41 is connected to the gas refrig-
erant communication pipe 6.
[0053] The indoor unit 4 has an indoor fan 42 for draw-
ing indoor air into the indoor unit 4 and supplying the air
back into the room as supplied air after the air has ex-
changed heat with the refrigerant in the indoor heat ex-
changer 41. The indoor fan 42 is driven by an indoor fan
motor 43.
[0054] The indoor unit 4 has an indoor-side controller
44 for controlling the actions of the components consti-
tuting the indoor unit 4. The indoor-side controller 44 has
a microcomputer, memory, and/or the like provided in
order to control the indoor unit 4, and the controller is
designed to be able to exchange control signals and the
like with a remote controller (not shown), and exchange
control signals and the like with the outdoor unit 2 via a
transmission line 8a.

<Outdoor Unit>

[0055] The outdoor unit 2, which is installed outside of
the room, configures part of the refrigerant circuit 10. The
outdoor unit 2 has primarily a compressor 21, a four-way
switching valve 22, an outdoor heat exchanger 23, a first
expansion valve 24, a receiver 25, a second expansion
valve 26 (an opening/closing valve), a liquid-side shut-
off valve 27 (an opening/closing valve), and a gas-side
shutoff valve 28.
[0056] The compressor 21 is a mechanism for com-
pressing low-pressure refrigerant in the refrigeration cy-
cle to a high pressure. The compressor 21 has a sealed
structure in which a rotary, scroll, or other type of dis-
placement compression element (not shown) is rotatably
driven by a compressor motor 21a controlled by an in-
verter. An intake pipe 31 is connected to the intake side
of the compressor 21, and a discharge pipe 32 is con-
nected to the discharge side. The intake pipe 31 is a
refrigerant pipe connecting the intake side of the com-
pressor 21 and a first port 22a of the four-way switching
valve 22. An accumulator 29 is provided to the intake
pipe 31. The discharge pipe 32 is a refrigerant pipe con-
necting the discharge side of the compressor 21 and a
second port 22b of the four-way switching valve 22. A
non-return valve 32a is provided to the discharge pipe 32.
[0057] The four-way switching valve 22 is a mecha-
nism for switching the direction of refrigerant flow in the
refrigerant circuit 10. During the air-cooling operation,
the four-way switching valve 22 performs a switch that
causes the outdoor heat exchanger 23 to function as a
heat radiator of refrigerant compressed in the compres-
sor 21, and causes the indoor heat exchanger 41 to func-
tion as an evaporator of refrigerant that has radiated heat
in the outdoor heat exchanger 23, and thereby switches
into an air-cooling cycle state. Specifically, during the air-
cooling operation, the four-way switching valve 22 per-
forms a switch that interconnects the second port 22b
and a third port 22c, and interconnects the first port 22a

and a fourth port 22d. The discharge side of the com-
pressor 21 (the discharge pipe 32 herein) and the gas
side of the outdoor heat exchanger 23 (a first gas refrig-
erant pipe 33 herein) are thereby connected (refer to the
solid lines of the four-way switching valve 22 in FIG. 1).
Moreover, the intake side of the compressor 21 (the in-
take pipe 31 herein) and the gas refrigerant communica-
tion pipe 6 side (a second gas refrigerant pipe 34 herein)
are connected (refer to the solid lines of the four-way
switching valve 22 in FIG. 1). During the air-warming op-
eration, the four-way switching valve 22 performs a
switch that causes the outdoor heat exchanger 23 to func-
tion as an evaporator of refrigerant that has radiated heat
in the indoor heat exchanger 41, and causes the indoor
heat exchanger 41 to function as a heat radiator of re-
frigerant that has been compressed in the compressor
21, and thereby switches into an air-warming cycle state.
Specifically, during the air-warming operation, the four-
way switching valve 22 performs a switch that intercon-
nects the second port 22b and the fourth port 22d, and
interconnects the first port 22a and the third port 22c.
The discharge side of the compressor 21 (the discharge
pipe 32 herein) and the gas refrigerant communication
pipe 6 side (the second gas refrigerant pipe 34 herein)
are thereby connected (refer to the dashed lines of the
four-way switching valve 22 in FIG. 1). Moreover, the
intake side of the compressor 21 (the intake pipe 31 here-
in) and the gas side of the outdoor heat exchanger 23
(the first gas refrigerant pipe 33 herein) are connected
(refer to the dashed lines of the four-way switching valve
22 in FIG. 1). The first gas refrigerant pipe 33 is a refrig-
erant pipe connecting the third port 22c of the four-way
switching valve 22 and the gas side of the outdoor heat
exchanger 23. The second gas refrigerant pipe 34 is a
refrigerant pipe connecting the fourth port 22d of the four-
way switching valve 22 and the gas refrigerant commu-
nication pipe 6 side.
[0058] The outdoor heat exchanger 23 is a heat ex-
changer that functions as a heat radiator of refrigerant
that uses outdoor air as a cooling source during the air-
cooling operation, and functions as an evaporator of re-
frigerant that uses outdoor air as a heating source during
the air-warming operation. The liquid side of the outdoor
heat exchanger 23 is connected to a liquid refrigerant
pipe 35, and the gas side is connected to the first gas
refrigerant pipe 33. The liquid refrigerant pipe 35 is a
refrigerant pipe connecting the liquid side of the outdoor
heat exchanger 23 and the liquid refrigerant communi-
cation pipe 5 side.
[0059] During the air-cooling operation, the first expan-
sion valve 24 depressurizes high-pressure refrigerant in
the refrigeration cycle to an intermediate pressure in the
refrigeration cycle, after the refrigerant has radiated heat
in the outdoor heat exchanger 23. During the air-warming
operation, the first expansion valve 24 depressurizes in-
termediate pressure refrigerant in the refrigeration cycle,
which has accumulated in the receiver 25, to a low pres-
sure in the refrigeration cycle. The first expansion valve
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24 is provided to a portion of the liquid refrigerant pipe
35 that is between the outdoor heat exchanger 23 and
the receiver 25. The portion of the liquid refrigerant pipe
35 that connects the outdoor heat exchanger 23 and the
first expansion valve 24 herein is a first liquid refrigerant
pipe 35a, and the portion of the liquid refrigerant pipe 35
that connects the first expansion valve 24 and the receiv-
er 25 is a second liquid refrigerant pipe 35b. An electric
expansion valve is used herein as the first expansion
valve 24. The detailed structure of the first expansion
valve 24 shall be described hereinafter.
[0060] The receiver 25 is provided between the first
expansion valve 24 and the second expansion valve 26.
The receiver 25 is a container capable of accumulating
intermediate pressure refrigerant in the refrigeration cy-
cle during the air-cooling operation and the air-warming
operation.
[0061] During the air-cooling operation, the second ex-
pansion valve 26 (an opening/closing valve) depressu-
rizes intermediate pressure refrigerant in the refrigeration
cycle accumulated in the receiver 25 to a low pressure
in the refrigeration cycle. During the air-warming opera-
tion, the second expansion valve 26 depressurizes high-
pressure refrigerant in the refrigeration cycle to an inter-
mediate pressure in the refrigeration cycle after the re-
frigerant has radiated heat in the indoor heat exchanger
41. The second expansion valve 26 is provided to a por-
tion of the liquid refrigerant pipe 35 that is between the
receiver 25 and the liquid-side shut-off valve 27. The por-
tion of the liquid refrigerant pipe 35 that connects the
receiver 25 and the second expansion valve 26 is a third
liquid refrigerant pipe 35c, and the portion of the liquid
refrigerant pipe 35 that connects the second expansion
valve 26 and the liquid-side shut-off valve 27 is a fourth
liquid refrigerant pipe 35d. An electric expansion valve
is used herein as the second expansion valve 26. The
detailed structure of the second expansion valve 26 shall
be described hereinafter.
[0062] The liquid-side shut-off valve 27 (an open-
ing/closing valve) and the gas-side shut-off valve 28 are
valves provided in ports connected with external devices
or piping (specifically, the liquid refrigerant communica-
tion pipe 5 and the gas refrigerant communication pipe
6). The liquid-side shut-off valve 27 is provided to an end
part of the liquid refrigerant pipe 35 (more specifically,
the fourth liquid refrigerant pipe 35d). The gas-side shut-
off valve 28 is provided to an end part of the second gas
refrigerant pipe 34.
[0063] The outdoor unit 2 has an outdoor fan 36 for
drawing outdoor air into the outdoor unit 2 and ejecting
the air outside after the air has exchanged heat with the
refrigerant in the outdoor heat exchanger 23. The outdoor
fan 36 is driven by an outdoor fan motor 37.
[0064] The outdoor unit 2 has an outdoor-side control-
ler 38 for controlling the actions of the components con-
stituting the outdoor unit 2. The outdoor-side controller
38, which has a microcomputer, memory, and/or the like
provided in order to control the outdoor unit 2, is designed

to be capable of exchanging control signals and the like
with the indoor unit 4 via the transmission line 8a.

<Refrigerant Communication Pipes>

[0065] The refrigerant communication pipes 5, 6,
which are refrigerant pipes machined onsite when the
air-conditioning apparatus 1 is installed in a building or
another installation location, have various lengths and/or
pipe diameters according to the installation location
and/or installation conditions such as the combination of
the outdoor unit and the indoor unit.
[0066] As described above, the refrigerant circuit 10 of
the air-conditioning apparatus 1 is configured from the
connection between the outdoor unit 2, the indoor unit 4,
and the refrigerant communication pipes 5, 6. The air
conditioning apparatus 1 is designed so that switching
the four-way switching valve 22 to the air-cooling cycle
state causes the air-cooling operation to be performed,
in which refrigerant is circulated sequentially through the
compressor 21, the outdoor heat exchanger 23, the first
expansion valve 24, the receiver 25, the second expan-
sion valve 26 (an opening/closing valve), the liquid-side
shut-off valve 27 (an opening/closing valve) and the in-
door heat exchanger 41. The air conditioning apparatus
1 is also designed so that switching the four-way switch-
ing valve 22 to the air-warming cycle state causes the
air-warming operation to be performed, in which refrig-
erant is circulated sequentially through the compressor
21, the indoor heat exchanger 41, the liquid-side shut-
off valve 27 (an opening/closing valve), the second ex-
pansion valve 26 (an opening/closing valve), the receiver
25, the first expansion valve 24, and the outdoor heat
exchanger 23. The configuration herein is capable of
switching between the air-cooling operation and the air-
warming operation, but another option is a configuration
that does not have a four-way switching valve and that
is capable of only an air-cooling operation or only an air-
warming operation.

<Controllers>

[0067] The air conditioning apparatus 1 is designed so
that the control of the various devices of the outdoor unit
2 and the indoor unit 4 can be performed by a controller
8, configured from the indoor-side controller 44 and the
outdoor-side controller 38. Specifically, the controller 8
is configured to control the operations of the entire air
conditioning apparatus 1 including the above-described
air-cooling operation, the air-warming operation, and/or
the like, through the transmission line 8a connecting the
indoor-side controller 44 and the outdoor-side controller
38.

(2) Basic Actions of Air Conditioning Apparatus

[0068] The basic actions of the air conditioning appa-
ratus 1 are described next using FIG. 1. The air condi-
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tioning apparatus 1 can perform an air-cooling operation
and an air-warming operation as basic actions.

<Air-Warming Operation>

[0069] During the air-warming operation, the four-way
switching valve 22 is switched to the air-warming cycle
state (the state shown by the dashed lines in FIG. 1).
[0070] In the refrigerant circuit 10, low-pressure gas
refrigerant in the refrigeration cycle is drawn into the com-
pressor 21 and discharged after being compressed to a
high pressure.
[0071] The high-pressure gas refrigerant discharged
from the compressor 21 is sent through the four-way
switching valve 22, the gas-side shut-off valve 28, and
the gas refrigerant communication pipe 6 to the indoor
heat exchanger 41.
[0072] The high-pressure gas refrigerant sent to the
indoor heat exchanger 41 undergoes heat exchange with
indoor air supplied as a cooling source by the indoor fan
42 and radiates heat in the indoor heat exchanger 41,
becoming high-pressure liquid refrigerant. The indoor air
is thereby heated and then supplied into the room, where-
by air-warming of the room interior is performed.
[0073] The high-pressure liquid refrigerant that has ra-
diated heat in the indoor heat exchanger 41 is sent
through the liquid refrigerant communication pipe 5 and
the liquid-side shut-off valve 27 to the second expansion
valve 26.
[0074] The high-pressure liquid refrigerant sent to the
second expansion valve 26 is depressurized to an inter-
mediate pressure in the refrigeration cycle by the second
expansion valve 26, becoming intermediate-pressure,
gas-liquid two-phase refrigerant.
[0075] The intermediate-pressure, gas-liquid two-
phase refrigerant depressurized by the second expan-
sion valve 26 is temporarily accumulated in the receiver
25, and then sent to the first expansion valve 24.
[0076] The inteimediate-pressure, gas-liquid two-
phase refrigerant sent to the first expansion valve 24 is
depressurized to a low pressure in the refrigeration cycle
by the first expansion valve 24, becoming low-pressure,
gas-liquid two-phase refrigerant.
[0077] The low-pressure, gas-liquid two-phase refrig-
erant depressurized by the first expansion valve 24 is
sent to the outdoor heat exchanger 23.
[0078] The low-pressure, gas-liquid two-phase refrig-
erant sent to the outdoor heat exchanger 23 undergoes
heat exchange with outdoor air supplied as a heating
source by the outdoor fan 36 and evaporates in the out-
door heat exchanger 23, becoming low-pressure gas re-
frigerant.
[0079] The low-pressure refrigerant evaporated in the
outdoor heat exchanger 23 is drawn through the four-
way switching valve 22 back into the compressor 21.

<Air-Cooling Operation>

[0080] During the air-cooling operation, the four-way
switching valve 22 is switched to the air-cooling cycle
state (the state shown by the solid lines in FIG. 1).
[0081] In the refrigerant circuit 10, low-pressure gas
refrigerant in the refrigeration cycle is drawn into the com-
pressor 21 and discharged after being compressed to a
high pressure in the refrigeration cycle.
[0082] The high-pressure gas refrigerant discharged
from the compressor 21 is sent through the four-way
switching valve 22 to the outdoor heat exchanger 23.
[0083] The high-pressure gas refrigerant sent to the
outdoor heat exchanger 23 undergoes heat exchange
with outdoor air supplied as a cooling source by the out-
door fan 36 and radiates heat in the outdoor heat ex-
changer 23, becoming high-pressure liquid refrigerant.
[0084] The high-pressure liquid refrigerant that has ra-
diated heat in the outdoor heat exchanger 23 is sent to
the first expansion valve 24.
[0085] The high-pressure liquid refrigerant sent to the
first expansion valve 24 is depressurized to an interme-
diate pressure in the refrigeration cycle by the first ex-
pansion valve 24, becoming intermediate-pressure, gas-
liquid two-phase refrigerant.
[0086] The intermediate-pressure, gas-liquid two-
phase refrigerant depressurized in the first expansion
valve 24 is temporarily accumulated in the receiver 25
and then sent to the second expansion valve 26.
[0087] The intermediate-pressure, gas-liquid two-
phase refrigerant sent to the second expansion valve 26
is depressurized to a low pressure in the refrigeration
cycle by the second expansion valve 26, becoming low-
pressure, gas-liquid two-phase refrigerant.
[0088] The low-pressure, gas-liquid two-phase refrig-
erant depressurized by the second expansion valve 26
is sent through the liquid-side shut-off valve 27 and the
liquid refrigerant communication pipe 5 to the indoor heat
exchanger 41.
[0089] The low-pressure, gas-liquid two-phase refrig-
erant sent to the indoor heat exchanger 41 undergoes
heat exchange with indoor air supplied as a heating
source by the indoor fan 42 and evaporates in the indoor
heat exchanger 41. The indoor air is thereby cooled and
then supplied into the room, whereby air-cooling of the
room interior is performed.
[0090] The low-pressure gas refrigerant evaporated in
the indoor heat exchanger 41 is drawn through the gas
refrigerant communication pipe 6, the gas-side shut-off
valve 28, and the four-way switching valve 22, back into
the compressor 21.

(3) Detailed Structure and Actions of Expansion Valves

<Basic Structures of Expansion Valves>

[0091] In the air conditioning apparatus 1, when
grooved-needle type expansion valves are used as the
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first expansion valve 24 and the second expansion valve
26 provided on the upstream and downstream sides of
the receiver 25, there is a risk of liquid backflow, in which
liquid refrigerant returns to the compressor 21, at startup
of the air-cooling operation and/or the air-warming oper-
ation. A conceivable countermeasure is to use fully-clos-
ing expansion valves, in which grooves are not formed
in the needles and the valves are fully closed by the nee-
dles being seated on the valve seats, as the first expan-
sion valve 24 and the second expansion valve 26.
[0092] First is a description of the basic structures and
actions of the first expansion valve 24 and the second
expansion valve 26 composed of fully-closing expansion
valves.
[0093] The first expansion valve 24 and the second
expansion valve 26 each have primarily a valve body 51,
a needle 61, and a case 71, as shown in FIG. 3. In the
example described herein, the first expansion valve 24
and the second expansion valve 26 are both arranged
so that the needle 61 moves vertically, but this does not
limit the valves from being arranged so that the needle
61 moves horizontally or in another direction. In addition,
here, when the needle 61 sits on a valve seat 55, the
direction in which the needle 61 moves (down) is the
needle advancing direction, and the when the needle 61
retracts from the valve seat 55, the direction in which the
needle 61 moves (up) is the needle retracting direction.
[0094] The valve body 51 herein is a substantially tu-
bular member extending vertically (i.e., in the direction
in which the needle 61 moves), in which a valve chamber
52 is formed. The valve chamber 52 has an upper valve
chamber 52a large in diameter, and a lower valve cham-
ber 52b small in diameter and positioned beneath the
upper valve chamber 52a. Also formed in the valve body
51 are a first refrigerant port 53 opening into the side of
the valve chamber 52 (the upper valve chamber 52a
herein), and a second refrigerant port 54 opening into
the bottom of the valve chamber 52 (the lower valve
chamber 52b herein). The valve seat 55 is also provided
in the valve body 51. Specifically, the valve seat 55 is
provided in the valve body 51 so as to partition the upper
valve chamber 52a and the lower valve chamber 52b.
The upper valve chamber 52a thereby configures a
space on the needle retracting direction side of the valve
seat 55 (the upper space herein), and the lower valve
chamber 52b configures a space on the needle advanc-
ing direction side of the valve seat 55 (the lower space
herein). Of the two refrigerant ports 53, 54, the first re-
frigerant port 53 is provided on the needle retracting di-
rection side of the valve seat 55, and the second refrig-
erant port 54 is provided on the needle advancing direc-
tion side of the valve seat 55. An orifice hole 55a, opened
so as to interconnect the upper valve chamber 52a and
the lower valve chamber 52b in the direction in which the
needle 61 moves (vertically herein), is formed in the valve
seat 55. A substantially tubular female-thread-formed
member 56 is secured by press-fitting or the like in the
internal peripheral surface of the valve body 51. The up-

per part of the female-thread-formed member 56 pro-
trudes above the valve body 51, and a female thread 56a
is formed in the internal peripheral surface. A substan-
tially tubular needle guide 57 is secured by press-fitting
or the like in the lower part of the female-thread-formed
member 56.
[0095] The needle 61 herein is a member that vertically
(i.e., in the direction in which the needle moves) advances
into and retracts from the valve seat 55, and is inserted
into the internal peripheral side of the needle guide 57
so as to be able to move vertically. The needle 61 is
linked via a spring 62 and a spring-receiving member 63,
described hereinafter, to a valve shaft 64 disposed above
the needle 61. The valve shaft 64 is a substantially rod-
shaped member extending vertically (i.e., in the direction
in which the needle moves) from the valve body 51
through the case 71. The lower end of the valve shaft 64
is inserted into the internal peripheral side of the needle
guide 57 so as to be able to rotate and move vertically
(i.e., in the direction in which the needle moves). A male
thread 64a that meshes with the female thread 56a of
the female-thread-formed member 56 is formed in the
external peripheral surface of the vertically (i.e., in the
direction in which the needle moves) middle portion of
the valve shaft 64. A substantially tubular rotor 81 com-
posed of a permanent magnet is secured via a bush 65
to the upper side of the male thread 64a of the valve shaft
64.
[0096] The case 71 herein is a substantially tubular
member of which the upper end is closed. The case 71
is secured to the upper end of the valve body 51 via a
securing metal fitting or the like (not shown). A substan-
tially tubular sleeve 72 extending downward is provided
to the inner surface of the upper end of the case 71. The
upper end of the valve shaft 64 is inserted into the internal
peripheral side of the sleeve 72 so as to be able to rotate
and move vertically (i.e., in the direction in which the nee-
dle moves). The external peripheral surface of the rotor
81 faces the internal peripheral surface of the case 71
with a slight gap in between. A stator 82 composed of an
electromagnet is provided to a position of facing the rotor
81 on the external peripheral side of the case 71.
[0097] With such a configuration, when electric current
is conducted to the stator 82, the stator 82 and the rotor
81 function as a stepping motor, and the rotor 81 rotates
in accordance with the amount of current conduction
(pulse value). When the rotor 81 rotates, the valve shaft
64, which rotates integrally with the rotor 81, also rotates.
When the valve shaft 64 rotates, because the male thread
64a of the valve shaft 64 is meshed with the female thread
56a of the female-thread-formed member 56, the valve
shaft 64 is threaded into the valve body 51, and the valve
shaft 64 thereby moves vertically (i.e., in the direction in
which the needle moves). When the valve shaft 64 moves
vertically (i.e., in the direction in which the needle moves),
the needle 61 linked to the valve shaft 64 also moves
vertically (i.e., in the direction in which the needle moves).
The size of the gap between the needle 61 and the valve
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seat 55 can thereby be adjusted, and the flow rate of
refrigerant through the first expansion valve 24 and/or
second expansion valve 26 can be controlled while the
refrigerant is depressurized. Therefore, the gap between
the needle 61 and the valve seat 55 vanishes when the
needle 61 is seated on the valve seat 55 due to the valve
shaft 64 being threaded into the valve body 51, and the
first expansion valve 24 and/or second expansion valve
26 is fully closed (see FIG. 3).

<Structure for Preventing Liquid Sealing in Receiver>

[0098] However, when fully-closing expansion valves
are used as the first expansion valve 24 and the second
expansion valve 26 (opening/closing valves), there is a
risk of liquid sealing in the receiver 25 when the two ex-
pansion valves 24, 26 become fully closed. Therefore,
when fully-closing expansion valves are used as the first
and second expansion valves 24, 26, in order to enable
liquid sealing in the receiver 25 to be prevented without
providing a liquid sealing prevention pipe even when the
two expansion valves 24, 26 become fully closed, the
refrigerant in the portion of the refrigerant circuit 10 be-
tween the two expansion valves 24, 26 including the re-
ceiver 25 must be able to be let into the rest of the refrig-
erant circuit 10 when there is an increase in the pressure
of the refrigerant in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 including
the receiver 25.
[0099] In view of this, first, the first expansion valve 24
is provided to the refrigerant circuit 10 in a first disposed
state, in which refrigerant from the receiver 25 flows in
from the needle advancing direction side of the valve seat
55 (the lower side of the valve seat 55 herein), through
the gap between the needle 61 and the valve seat 55,
and out to the needle retracting direction side of the valve
seat 55 (the upper side of the valve seat 55 herein) (see
FIGS. 2 and 3). Specifically, the first liquid refrigerant
pipe 35a for connecting with the outdoor heat exchanger
23 is connected to the first refrigerant port 53 of the first
expansion valve 24, and the second liquid refrigerant
pipe 35b for connecting with the receiver 25 is connected
to the second refrigerant port 54 of the first expansion
valve 24, as shown in FIGS. 2 and 3. When the first ex-
pansion valve 24 provided to the refrigerant circuit 10 in
the first disposed state is fully closed, these connections
cause a pressure difference between the refrigerant
pressure P1 in the space on the needle retracting direc-
tion side of the valve seat 55 (the upper valve chamber
52a herein) and the refrigerant pressure P2 in the space
on the needle advancing direction side of the valve seat
55 (the lower valve chamber 52b herein), this pressure
difference being denoted as the counter-pressure valve-
opening pressure difference ΔP (= P2 - P1). This pres-
sure difference causes a pushing force Fu (an upward
pushing force herein) to be exerted on the needle 61 in
the needle retracting direction (see FIG. 4). The force Fu
pushing the needle 61 in the needle retracting direction

due to this counter-pressure valve-opening pressure dif-
ference ΔP is utilized to provide a configuration in which
the first expansion valve 24 provided to the refrigerant
circuit 10 in the first disposed state is provided with the
spring 62 for urging the needle 61 seated on the valve
seat 55 in the needle advancing direction (downward
herein) when the valve is fully closed, and when the force
Fu pushing the needle 61 in the needle retracting direc-
tion due to the counter-pressure valve-opening pressure
difference ΔP overcomes the urging force Fd of the spring
62 in the needle advancing direction, the needle 61 is
released from sitting on the valve seat 55 (see FIGS. 4
and 5). Specifically, the spring-receiving member 63 is
linked to the lower end of the valve shaft 64 so as to
integrally move in the direction in which the needle 61
moves (vertically herein), and the spring-receiving mem-
ber 63 and the needle 61 are vertically linked by the spring
62, as shown in FIGS. 3 to 5. A coil spring capable of
expanding and contracting in the direction in which the
needle 61 moves is used herein as the spring 62. This
yields a configuration in which the needle 61 moves ver-
tically due to the vertical movement of the valve shaft 64,
while the vertical distance between the valve shaft 64
and the needle 61 can be elastically expanded and con-
tracted. When the lower end of the valve shaft 64 reaches
the lowest position in the movable range while the valve
is fully closed as shown in FIG. 4, the needle 61 comes
to be seated on the valve seat 55 while the spring 62
contracts to less than its free length but could still contract
further (this state is referred to below as the "counter-
pressure valve-opening inactive state"). The spring 62
thereby generates a force Fd urging the needle 61 seated
on the valve seat 55 in the needle advancing direction,
and the needle 61 is pushed against the valve seat 55
by the urging force Fd of the spring 62. When the force
Fu generated by the counter-pressure valve-opening
pressure difference ΔP to push the needle 61 in the nee-
dle retracting direction then overcomes the urging force
Fd of the needle 61 in the needle advancing direction
while the valve is fully closed, the valve shaft 64 does
not move in the needle retracting direction (upward here-
in), the needle 61 separates from the valve seat 55 in the
needle retracting direction (upward herein) while the
spring 62 is further contracted in the counter-pressure
valve-opening inactive state, and the needle 61 is re-
leased from sitting on the valve seat 55 (this state is re-
ferred to below as the "counter-pressure valve-opening
active state"), as shown in FIG. 5. At this time, the length
of the spring 62 contracts from the length L0 in the coun-
ter-pressure valve-opening inactive state to the length L
in the counter-pressure valve-opening active state.
When there is an increase in the refrigerant pressure
(equivalent to the pressure P2) in the portion of the re-
frigerant circuit 10 between the two expansion valves 24,
26 including the receiver 25, the refrigerant in the portion
of the refrigerant circuit 10 between the two expansion
valves 24, 26 including the receiver 25 can thereby be
let toward the outdoor heat exchanger 23 (refer to the
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arrow indicating refrigerant flow in FIG. 5).
[0100] Moreover, the urging force Fd of the spring 62
when the valve is fully closed is herein set so that the
sum total of the counter-pressure valve-opening pres-
sure difference ΔP and a maximum saturation pressure
Psm is equal to or less than the proof pressure Prm of
the receiver 25, the maximum saturation pressure Psm
being the refrigerant saturation pressure corresponding
to the maximum value of atmospheric temperature in the
location where the first and second expansion valves 24,
26 (the outdoor unit 2 herein) are installed. Specifically,
the maximum saturation pressure Psm is a value ob-
tained by converting the maximum atmospheric temper-
ature (e.g., approximately 50°C) that could be assumed
in the location where the first and second expansion
valves 24, 26 (the outdoor unit 2 herein) are installed to
a refrigerant saturation pressure. The proof pressure Prm
is the proof pressure of the receiver 25, which has the
lowest proof pressure among the first expansion valve
24, the receiver 25, and the second expansion valve 26
as the components constituting the portion of the refrig-
erant circuit 10 between the two expansion valves 24, 26
including the receiver 25. The proof pressure Prm of the
receiver 25 herein is obtained by multiplying the design
pressure of the receiver 25 by a safety factor (e.g., ap-
proximately 1.5 times corresponding to a proof test pres-
sure). For the spring 62, the spring constant and the
spring length L0 in the counter-pressure valve-opening
inactive state (i.e., the contracted length from the free
length) are set so that the urging force Fd in the counter-
pressure valve-opening inactive state is equal to or less
than a force Fum pushing the needle 61 in the needle
retracting direction, generated when the needle 61 is as-
sumed to be subjected to a pressure difference that is
the proof pressure Prm of the receiver 25 minus the max-
imum saturation pressure Psm. This pressure difference
corresponding to the urging force Fd in the counter-pres-
sure valve-opening inactive state is designated as the
counter-pressure valve-opening pressure difference ΔP.
Because the proof pressure Prm of the receiver 25 herein
is obtained on the basis of the design pressure of the
receiver 25 as described above, the counter-pressure
valve-opening pressure difference ΔP, i.e., the urging
force Fd of the spring while the valve is fully closed can
be appropriately set. Even assuming conditions of an at-
mospheric temperature so high that the refrigerant in the
portion of the refrigerant circuit 10 between the two ex-
pansion valves 24, 26 including the receiver 25 increases
in pressure to the maximum saturation pressure Psm,
the force Fu generated by the counter-pressure valve-
opening pressure difference ΔP to push the needle 61 in
the needle retracting direction will overcome the urging
force Fd of the spring 62 in the needle advancing direction
before the proof pressure Prm of the receiver 25 is ex-
ceeded, and the first expansion valve 24 will be in the
counter-pressure valve-opening active state. Therefore,
the refrigerant in the portion of the refrigerant circuit 10
between the two expansion valves 24, 26 including the

receiver 25 can be let toward the outdoor heat exchanger
23 before the proof pressure Prm of the receiver 25 is
exceeded, and liquid sealing in the receiver 25 can be
prevented. Due to the refrigerant in the portion of the
refrigerant circuit 10 between the two expansion valves
24, 26 including the receiver 25 being let toward the out-
door heat exchanger 23, when there is a decrease in the
refrigerant pressure in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 including
the receiver 25, less force Fu pushing the needle 61 in
the needle retracting direction is generated by the coun-
ter-pressure valve-opening pressure difference ΔP, and
the first expansion valve 24 returns to the counter-pres-
sure valve-opening inactive state. Instances of the first
expansion valve 24 going into the counter-pressure
valve-opening active state can thereby be kept to the
necessary minimum.
[0101] Thus, in the refrigerant circuit 10 configured by
connecting the compressor 21, the outdoor heat ex-
changer 23, the first expansion valve 24, the receiver 25,
the second expansion valve 26 (an opening/closing
valve), and the indoor heat exchanger 41 in the air con-
ditioning apparatus 1, liquid sealing in the receiver 25
can be prevented without providing a liquid sealing pre-
vention pipe, despite fully-closing expansion valves be-
ing used as the first expansion valve 24 and the second
expansion valve 26. Moreover, in the air conditioning ap-
paratus 1, liquid sealing in the receiver 25 can be appro-
priately prevented while taking the proof pressure Prm
of the receiver 25 into account.

<Structure for Preventing Liquid Sealing in Portion Be-
tween Liquid-Side Shut-Off Valve and Second Expan-
sion Valve>

[0102] Even when a fully-closing expansion valve is
used as the second expansion valve 26 (an opening/clos-
ing valve), when both the liquid-side shut-off valve 27
and the second expansion valve 26 come to be fully
closed due to a mishap such as erroneous operation of
the liquid-side shut-off valve 27 (an opening/closing
valve) and/or the second expansion valve 26, there is a
risk of liquid sealing occurring in the portion of the refrig-
erant circuit 10 between the liquid-side shut-off valve 27
and the second expansion valve 26. In order to prevent
such liquid sealing in the portion between the liquid-side
shut-off valve 27 and the second expansion valve 26, it
must be possible for the refrigerant in the portion of the
refrigerant circuit 10 between the liquid-side shut-off
valve 27 and the second expansion valve 26 to be let to
the rest of the refrigerant circuit 10 when there is an in-
crease in refrigerant pressure in the portion of the refrig-
erant circuit 10 between the liquid-side shut-off valve 27
and the second expansion valve 26.
[0103] In view of this, in addition to preventing liquid
sealing in the receiver 25 by providing the first expansion
valve 24 to the refrigerant circuit 10 in a first disposed
state as described above, first, the second expansion

27 28 



EP 3 009 773 A1

16

5

10

15

20

25

30

35

40

45

50

55

valve 26 is provided to the refrigerant circuit 10 in a sec-
ond disposed state, in which refrigerant from the receiver
25 flows in from the needle retracting direction side of
the valve seat 55 (the upper side of the valve seat 55
herein), through the gap between the needle 61 and the
valve seat 55, and out to the needle advancing direction
side of the valve seat 55 (the lower side of the valve seat
55 herein) (see FIGS. 2 and 3). Specifically, the third
liquid refrigerant pipe 35c for connecting with the receiver
25 is connected to the first refrigerant port 53 of the sec-
ond expansion valve 26, and the fourth liquid refrigerant
pipe 35d for connecting with the liquid-side shut-off valve
27 is connected to the second refrigerant port 54 of the
second expansion valve 26, as shown in FIGS. 2 and 3.
When the second expansion valve 26 provided to the
refrigerant circuit 10 in the second disposed state is fully
closed, these connections cause a pressure difference
between the refrigerant pressure P1 in the space on the
needle retracting direction side of the valve seat 55 (the
upper valve chamber 52a herein) and the refrigerant
pressure P2 in the space on the needle advancing direc-
tion side of the valve seat 55 (the lower valve chamber
52b herein), this pressure difference being denoted as
the counter-pressure valve-opening pressure difference
ΔP (= P2 - P1). This pressure difference causes a pushing
force Fu (an upward pushing force herein) to be exerted
on the needle 61 in the needle retracting direction (see
FIG. 4). The force Fu pushing the needle 61 in the needle
retracting direction due to this counter-pressure valve-
opening pressure difference ΔP is utilized to provide a
configuration in which the second expansion valve 26
provided to the refrigerant circuit 10 in the second dis-
posed state is provided with the spring 62 for urging the
needle 61 seated on the valve seat 55 in the needle ad-
vancing direction (downward herein) when the valve is
fully closed, and when the force Fu pushing the needle
61 in the needle retracting direction due to the counter-
pressure valve-opening pressure difference ΔP over-
comes the urging force Fd of the spring 62 in the needle
advancing direction, the needle 61 is released from sitting
on the valve seat 55 (see FIGS. 4 and 5). Specifically,
the spring-receiving member 63 is linked to the lower end
of the valve shaft 64 so as to integrally move in the di-
rection in which the needle 61 moves (vertically herein),
and the spring-receiving member 63 and the needle 61
are vertically linked by the spring 62, as shown in FIGS.
3 to 5. A coil spring capable of expanding and contracting
in the direction in which the needle 61 moves is used
herein as the spring 62. This yields a configuration in
which the needle 61 moves vertically due to the vertical
movement of the valve shaft 64, while the vertical dis-
tance between the valve shaft 64 and the needle 61 can
be elastically expanded and contracted. When the lower
end of the valve shaft 64 reaches the lowest position in
the movable range while the valve is fully closed as
shown in FIG. 4, the needle 61 comes to be seated on
the valve seat 55 while the spring 62 contracts to less
than its free length but could still contract further (this

state is referred to below as the "counter-pressure valve-
opening inactive state"). The spring 62 thereby generates
a force Fd urging the needle 61 seated on the valve seat
55 in the needle advancing direction, and the needle 61
is pushed against the valve seat 55 by the urging force
Fd of the spring 62. When the force Fu generated by the
counter-pressure valve-opening pressure difference ΔP
to push the needle 61 in the needle retracting direction
then overcomes the urging force Fd of the needle 61 in
the needle advancing direction while the valve is fully
closed, the valve shaft 64 does not move in the needle
retracting direction (upward herein), the needle 61 sep-
arates from the valve seat 55 in the needle retracting
direction (upward herein) while the spring 62 is further
contracted in the counter-pressure valve-opening inac-
tive state, and the needle 61 is released from sitting on
the valve seat 55 (this state is referred to below as the
"counter-pressure valve-opening active state"), as
shown in FIG. 5. At this time, the length of the spring 62
contracts from the length L0 in the counter-pressure
valve-opening inactive state to the length L in the counter-
pressure valve-opening active state. When there is an
increase in the refrigerant pressure (equivalent to the
pressure P2) in the portion of the refrigerant circuit 10
between the liquid-side shut-off valve 27 and the second
expansion valve 26, the refrigerant in the portion of the
refrigerant circuit 10 between the liquid-side shut-off
valve 27 and the second expansion valve 26 can thereby
be let toward the receiver 25 (refer to the arrow indicating
refrigerant flow in FIG. 5).
[0104] Moreover, the urging force Fd of the spring 62
while the valve is fully closed is herein set so that the
sum total of the counter-pressure valve-opening pres-
sure difference ΔP and a maximum saturation pressure
Psm is equal to or less than the minimum proof pressure
value Phm of the components constituting the portion of
the refrigerant circuit 10 from the second expansion valve
26 to the liquid-side shut-off valve 27, the maximum sat-
uration pressure Psm being the refrigerant saturation
pressure corresponding to the maximum value of atmos-
pheric temperature in the location where the second ex-
pansion valve 26 (the outdoor unit 2 herein) is installed.
Specifically, the maximum saturation pressure Psm is a
value obtained by converting the maximum atmospheric
temperature (e.g., approximately 50°C) that could be as-
sumed in the location where the second expansion valve
26 (the outdoor unit 2 herein) is installed to a refrigerant
saturation pressure. The minimum proof pressure value
Phm is the proof pressure of the component that has the
lowest proof pressure among the liquid-side shut-off
valve 27, the fourth liquid refrigerant pipe 35d, and the
second expansion valve 26 as the components consti-
tuting the portion of the refrigerant circuit 10 from the
second expansion valve 26 to the liquid-side shut-off
valve 27. When the components constituting the portion
of the refrigerant circuit 10 from the second expansion
valve 26 to the liquid-side shut-off valve 27 also include
a strainer, a pipe fitting, and/or the like, a minimum proof
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pressure value Phm including these components is used.
The proof pressures herein are obtained by multiplying
the design pressures of the components constituting the
portion of the refrigerant circuit 10 from the second ex-
pansion valve 26 to the liquid-side shut-off valve 27 by a
safety factor (e.g., approximately 1.5 times correspond-
ing to a proof test pressure). For the spring 62, the spring
constant and the spring length L0 in the counter-pressure
valve-opening inactive state (i.e., the contracted length
from the free length) are set so that the urging force Fd
in the counter-pressure valve-opening inactive state is
equal to or less than a force Fum pushing the needle 61
in the needle retracting direction, generated when the
needle 61 is assumed to be subjected to a pressure dif-
ference that is the minimum proof pressure value Phm
minus the maximum saturation pressure Psm. This pres-
sure difference corresponding to the urging force Fd in
the counter-pressure valve-opening inactive state is des-
ignated as the counter-pressure valve-opening pressure
difference ΔP. Because the proof pressures herein are
obtained on the basis of the design pressures of the com-
ponents constituting the portion of the refrigerant circuit
10 from the second expansion valve 26 to the liquid-side
shut-off valve 27 as described above, the counter-pres-
sure valve-opening pressure difference ΔP, i.e., the urg-
ing force Fd of the spring while the valve is fully closed
can be appropriately set. Even assuming conditions of
an atmospheric temperature so high that the refrigerant
in the portion of the refrigerant circuit 10 between the
liquid-side shut-off valve 27 and the second expansion
valve 26 increases in pressure to the maximum satura-
tion pressure Psm, the force Fu generated by the counter-
pressure valve-opening pressure difference ΔP to push
the needle 61 in the needle retracting direction will over-
come the urging force Fd of the spring 62 in the needle
advancing direction before the pressure exceeds the
minimum proof pressure value Phm of the components
constituting the portion of the refrigerant circuit 10 from
the second expansion valve 26 to the liquid-side shut-off
valve 27, and the second expansion valve 26 will be in
the counter-pressure valve-opening active state. There-
fore, the refrigerant in the portion of the refrigerant circuit
10 between the liquid-side shut-off valve 27 and the sec-
ond expansion valve 26 can be let toward the receiver
25 before the pressure exceeds the proof pressures of
the components constituting the portion of the refrigerant
circuit 10 from the second expansion valve 26 to the liq-
uid-side shut-off valve 27, and liquid sealing between the
liquid-side shut-off valve 27 and the second expansion
valve 26 can be prevented. There is a risk herein that the
refrigerant let toward the receiver 25 will cause a pressure
increase in the receiver 25, but because the first expan-
sion valve 24 is provided in the first disposed state, the
refrigerant will be let toward the outdoor heat exchanger
23 before the proof pressure Prm of the receiver 25 is
exceeded. Due to the refrigerant in the portion of the re-
frigerant circuit 10 between the liquid-side shut-off valve
27 and the second expansion valve 26 being let toward

the receiver 25, when there is a decrease in the refriger-
ant pressure in the portion of the refrigerant circuit 10
between the liquid-side shut-off valve 27 and the second
expansion valve 26, less force Fu pushing the needle 61
in the needle retracting direction is generated by the
counter-pressure valve-opening pressure difference ΔP,
and the second expansion valve 26 returns to the coun-
ter-pressure valve-opening inactive state. Instances of
the second expansion valve 26 going into the counter-
pressure valve-opening active state can thereby be kept
to the necessary minimum.
[0105] Thus, in the refrigerant circuit 10 configured by
connecting the compressor 21, the outdoor heat ex-
changer 23, the first expansion valve 24, the receiver 25,
the second expansion valve 26 (an opening/closing
valve), the liquid-side shut-off valve 27 (an opening/clos-
ing valve), and the indoor heat exchanger 41 in the air
conditioning apparatus 1, liquid sealing in the receiver
25 can be prevented without providing a liquid sealing
prevention pipe, and liquid sealing between the liquid-
side shut-off valve 27 and the second expansion valve
26 can be prevented as well.

(4) Modification 1

[0106] The air conditioning apparatus 1 of the above
embodiment (see FIGS. 1 and 2) is configured with the
fully-closing first expansion valve 24 and second expan-
sion valve 26 (an opening/closing valve) provided on the
upstream and downstream sides of the receiver 25,
wherein the first expansion valve 24 is provided in a first
disposed state and the second expansion valve 26 is
provided in a second disposed state in order to prevent
liquid sealing in the receiver 25 and liquid sealing be-
tween the liquid-side shut-off valve 27 (an opening/clos-
ing valve) and the second expansion valve 26.
[0107] However, if only the liquid sealing in the receiver
25 is a concern, at least one of the first expansion valve
24 and the second expansion valve 26 is preferably pro-
vided to the refrigerant circuit 10 in the first disposed
state.
[0108] For example, the first expansion valve 24 can
be provided in the second disposed state and the second
expansion valve 26 can be provided in the first disposed
state, as shown in FIG. 6. When the second expansion
valve 26 is provided in the first disposed state and there
is an increase in refrigerant pressure in the portion of the
refrigerant circuit 10 between the two expansion valves
24, 26 including the receiver 25, the refrigerant in the
portion of the refrigerant circuit 10 between the two ex-
pansion valves 24, 26 including the receiver 25 can be
let towards the indoor heat exchanger 41 to prevent liquid
sealing in the receiver 25.
[0109] The first expansion valve 24 and the second
expansion valve 26 can also both be provided in the first
disposed state as shown in FIG. 7. When the first and
second expansion valves 24, 26 are provided in the first
disposed state and there is an increase in refrigerant
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pressure in the portion of the refrigerant circuit 10 be-
tween the two expansion valves 24, 26 including the re-
ceiver 25, the refrigerant in the portion of the refrigerant
circuit 10 between the two expansion valves 24, 26 in-
cluding the receiver 25 can be let towards the outdoor
heat exchanger 23 and the indoor heat exchanger 41 to
prevent liquid sealing in the receiver 25.
[0110] Thus, in the refrigerant circuit 10 of the present
modification, configured by connecting the compressor
21, the outdoor heat exchanger 23, the first expansion
valve 24, the receiver 25, the second expansion valve
26 (an opening/closing valve), and the indoor heat ex-
changer 41, liquid sealing in the receiver 25 can be pre-
vented without providing a liquid sealing prevention pipe,
despite fully-closing expansion valves being used as the
first expansion valve 24 and the second expansion valve
26.

(5) Modification 2

[0111] In the air conditioning apparatus 1 (see FIG. 1)
of the above embodiment and Modification 1, a gas purge
valve 30a for purging refrigerant from the upper space
of the receiver 25 could be provided as shown in FIG. 8.
[0112] For example, the refrigerant circuit 10 is provid-
ed with a gas purge pipe 30 for guiding intermediate-
pressure gas refrigerant in the refrigeration cycle accu-
mulated in the receiver 25 to the intake pipe 31 of the
compressor 21. The gas purge pipe 30 is provided so as
to connect the upper part of the receiver 25 and a midway
portion of the intake pipe 31. A gas purge valve 30a is
provided to the gas purge pipe 30 along with a capillary
tube 30b and a non-return valve 30c. The gas purge valve
30a is a valve that can be controlled to open and close
to turn the flow of refrigerant on and off in the gas purge
pipe 30, and an electromagnetic valve is used herein.
The capillary tube 30b is a mechanism for depressurizing
gas refrigerant accumulated in the receiver 25 to a low
pressure in the refrigeration cycle, and a capillary tube
thinner in diameter than the gas purge pipe 30 is used
herein. The non-return valve 30c is a valve mechanism
for allowing only the flow of refrigerant from the receiver
25 side to the intake pipe 31 side, and a non-return valve
is used herein.
[0113] In this configuration as well, there is a risk of
liquid sealing in the receiver 25 when the first expansion
valve 24, the second expansion valve 26 (an open-
ing/closing valve), and the gas purge valve 30a all be-
come fully closed.
[0114] In view of this, in a configuration having such a
gas purge valve 30a, at least one of the first expansion
valve 24 and the second expansion valve 26 is provided
to the refrigerant circuit 10 in the first disposed state,
similar to the above embodiment and Modification 1 (see
FIGS. 2, 6, and 7).
[0115] Thus, in the refrigerant circuit 10 of the present
modification, configured by connecting the compressor
21, the outdoor heat exchanger 23, the first expansion

valve 24, the receiver 25, the second expansion valve
26 (an opening/closing valve), the indoor heat exchanger
41, and the gas purge valve 30a, liquid sealing in the
receiver 25 can be prevented without providing a liquid
sealing prevention pipe, despite fully-closing expansion
valves being used as the first expansion valve 24 and
the second expansion valve 26. Liquid sealing in the re-
ceiver 25 can also be prevented herein without providing
a liquid sealing prevention pipe and liquid sealing be-
tween the liquid-side shut-off valve 27 (an opening/clos-
ing valve) and the second expansion valve 26 (an open-
ing/closing valve) can be prevented (see FIG. 2) by pro-
viding the first expansion valve 24 in the first disposed
state and providing the second expansion valve 26 in the
second disposed state.

(6) Modification 3

[0116] In the air conditioning apparatus 1 of Modifica-
tion 2 above (see FIG. 8), it is conceivable to use a fully-
closing expansion valve as the gas purge valve 30a, sim-
ilar to the first expansion valve 24 and/or the second ex-
pansion valve 26 (an opening/closing valve), as shown
in FIG. 9. A fully-closing expansion valve having the same
structure as the first expansion valve 24 and/or the sec-
ond expansion valve 26 (see FIGS. 3 to 5) would be used
herein for the gas purge valve 30a.
[0117] In such a configuration, if only the liquid sealing
in the receiver 25 is a concern, at least one of the first
expansion valve 24, the second expansion valve 26, and
the gas purge valve 30a is preferably provided to the
refrigerant circuit 10 in the first disposed state.
[0118] For example, first, the first expansion valve 24
can be provided in the first disposed state, and the sec-
ond expansion valve 26 and the gas purge valve 30a can
be provided in the second disposed state, as shown in
FIG. 10. The maximum saturation pressure used to set
the urging force of the spring 62 herein is the refrigerant
saturation pressure corresponding to the maximum value
of atmospheric temperature in the location (the outdoor
unit 2 herein) where the receiver 25, the first expansion
valve 24, the second expansion valve 26, and the gas
purge valve 30a are installed. When the first expansion
valve 24 is provided in the first disposed state and there
is an increase in refrigerant pressure in the portion of the
refrigerant circuit 10 between the two expansion valves
24, 26 and the gas purge valve 30a including the receiver
25, the refrigerant in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 and the gas
purge valve 30a including the receiver 25 can be let to-
wards the outdoor heat exchanger 23 to prevent liquid
sealing in the receiver 25. In this case, liquid sealing in
the receiver 25 can be prevented and liquid sealing be-
tween the liquid-side shut-off valve 27 (an opening/clos-
ing valve) and the second expansion valve 26 can be
prevented because the second expansion valve 26 is
provided in the second disposed state.
[0119] The first expansion valve 24 can be provided in
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the first disposed state, and the second expansion valve
26 and the gas purge valve 30a can be provided in the
second disposed state as shown in FIG. 11. When the
first expansion valve 24 is provided in the first disposed
state and there is an increase in refrigerant pressure in
the portion of the refrigerant circuit 10 between the two
expansion valves 24, 26 and the gas purge valve 30a
including the receiver 25, the refrigerant in the portion of
the refrigerant circuit 10 between the two expansion
valves 24, 26 and the gas purge valve 30a including the
receiver 25 can be let towards the indoor heat exchanger
41 to prevent liquid sealing in the receiver 25.
[0120] The gas purge valve 30a can also be provided
in the first disposed state, and the first expansion valve
24 and the second expansion valve 26 can be provided
in the second disposed state, as shown in FIG. 12. When
the gas purge valve 30a is provided in the first disposed
state and there is an increase in refrigerant pressure in
the portion of the refrigerant circuit 10 between the two
expansion valves 24, 26 and the gas purge valve 30a
including the receiver 25, the refrigerant in the portion of
the refrigerant circuit 10 between the two expansion
valves 24, 26 and the gas purge valve 30a including the
receiver 25 can be let towards the compressor 21 to pre-
vent liquid sealing in the receiver 25. In this case, liquid
sealing in the receiver 25 can be prevented and liquid
sealing between the liquid-side shut-off valve 27 and the
second expansion valve 26 can be prevented because
the second expansion valve 26 is provided in the second
disposed state.
[0121] The first expansion valve 24 and the gas purge
valve 30a can also be provided in the first disposed state,
and the second expansion valve 26 can be provided in
the second disposed state, as shown in FIG. 13. When
the first expansion valve 24 and the gas purge valve 30a
are provided in the first disposed state and there is an
increase in refrigerant pressure in the portion of the re-
frigerant circuit 10 between the two expansion valves 24,
26 and the gas purge valve 30a including the receiver
25, the refrigerant in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 and the gas
purge valve 30a including the receiver 25 can be let to-
wards the outdoor heat exchanger 23 and the compres-
sor 21 to prevent liquid sealing in the receiver 25. In this
case, liquid sealing in the receiver 25 can be prevented
and liquid sealing between the liquid-side shut-off valve
27 and the second expansion valve 26 can be prevented
because the second expansion valve 26 is provided in
the second disposed state.
[0122] The second expansion valve 26 and the gas
purge valve 30a can also be provided in the first disposed
state, and the first expansion valve 24 can be provided
in the second disposed state, as shown in FIG. 14. When
the second expansion valve 26 and the gas purge valve
30a are provided in the first disposed state and there is
an increase in refrigerant pressure in the portion of the
refrigerant circuit 10 between the two expansion valves
24, 26 and the gas purge valve 30a including the receiver

25, the refrigerant in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 and the gas
purge valve 30a including the receiver 25 can be let to-
wards the indoor heat exchanger 41 and the compressor
21 to prevent liquid sealing in the receiver 25.
[0123] The first expansion valve 24 and the second
expansion valve 26 can also be provided in the first dis-
posed state, and the gas purge valve 30a can be provided
in the second disposed state, as shown in FIG. 15. When
the first expansion valve 24 and the second expansion
valve 26 are provided in the first disposed state and there
is an increase in refrigerant pressure in the portion of the
refrigerant circuit 10 between the two expansion valves
24, 26 and the gas purge valve 30a including the receiver
25, the refrigerant in the portion of the refrigerant circuit
10 between the two expansion valves 24, 26 and the gas
purge valve 30a including the receiver 25 can be let to-
wards the outdoor heat exchanger 23 and the indoor heat
exchanger 41 to prevent liquid sealing in the receiver 25.
[0124] The first expansion valve 24, the second expan-
sion valve 26, and the gas purge valve 30a can all be
provided in the first disposed state, as shown in FIG. 16.
When the two expansion valves 24, 26 and the gas purge
valve 30a are provided in the first disposed state and
there is an increase in refrigerant pressure in the portion
of the refrigerant circuit 10 between the two expansion
valves 24, 26 including the receiver 25, the refrigerant in
the portion of the refrigerant circuit 10 between the two
expansion valves 24, 26 including the receiver 25 can be
let towards the outdoor heat exchanger 23, the indoor
heat exchanger 41, and the compressor 21 to prevent
liquid sealing in the receiver 25.
[0125] Thus, in the refrigerant circuit 10 of the present
modification, configured by connecting the compressor
21, the outdoor heat exchanger 23, the first expansion
valve 24, the receiver 25, the second expansion valve
26 (an opening/closing valve), the indoor heat exchanger
41, and the gas purge valve 30a, liquid sealing in the
receiver 25 can be prevented without providing a liquid
sealing prevention pipe, despite fully-closing expansion
valves being used as the first expansion valve 24, the
second expansion valve 26, and the gas purge valve 30a.
Liquid sealing in the receiver 25 can also be prevented
herein without providing a liquid sealing prevention pipe
and liquid sealing between the liquid-side shut-off valve
27 (an opening/closing valve) and the second expansion
valve 26 can be prevented by providing the first expan-
sion valve 24 and/or the gas purge valve 30a in the first
disposed state and providing the second expansion valve
26 in the second disposed state.

(7) Modification 4

[0126] In the air conditioning apparatus 1 of the above
embodiment and Modifications 1 to 3 (see FIGS. 1 to 16),
a structure for preventing liquid sealing in the receiver 25
(the first expansion valve 24, the second expansion valve
26, and/or the gas purge valve 30a being installed in the
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first disposed state) is employed on the premise that the
first expansion valve 24 and the second expansion valve
26 (an opening/closing valve) composed of fully-closing
expansion valves are provided on the upstream and
downstream sides of the receiver 25 (including the con-
figuration having the gas purge valve 30a), and the liquid-
side shut-off valve 27 (an opening/closing valve) is pro-
vided between the second expansion valve 26 and the
indoor heat exchanger 41.
[0127] However, if only the liquid sealing in the receiver
25 is a concern, when the second expansion valve 26 is
open but both the first expansion valve 24 (including the
configuration having the gas purge valve 30a) and the
liquid-side shut-off valve 27 come to be fully closed due
to a mishap such as erroneous operation of the liquid-
side shut-off valve 27 (an opening/closing valve), it is
assumed there could be cases of liquid sealing in the
receiver 25. Specifically, in one conceivable case, the
first expansion valve 24 composed of a fully-closing ex-
pansion valve is provided in the second disposed state
(when there is also a gas purge valve 30a composed of
a fully-closing expansion valve, the gas purge valve 30a
is also provided in the second disposed state), and the
second expansion valve 26 composed of a fully-closing
expansion valve is provided in the first disposed state
(see FIGS. 6 and 11).
[0128] Thus, assuming cases in which there is liquid
sealing in the receiver 25 due to a mishap such as erro-
neous operation of the liquid-side shut-off valve 27, it is
preferable that the first expansion valve 24 composed of
a fully-closing expansion valve be provided in the first
disposed state (when there is also a gas purge valve 30a
composed of a fully-closing expansion valve, the first ex-
pansion valve 24 and/or the gas purge valve 30a are
provided in the first disposed state) (see FIGS. 2, 7, 10,
and 12 to 16).

(8) Modification 5

[0129] Taking into account cases of liquid sealing in
the receiver 25 due to a mishap such as erroneous op-
eration of the liquid-side shut-off valve 27 (an open-
ing/closing valve) as in the above Modification 4, a first
expansion valve 24 composed of a fully-closing expan-
sion valve must be disposed (as does the gas purge valve
30a when there is a gas purge valve 30a composed of a
fully-closing expansion valve) assuming that liquid seal-
ing in the receiver 25 will occur even on the premise that
there is no second expansion valve 26 (an opening/clos-
ing valve), as shown in FIGS. 17 and 18.
[0130] In view of this, the first expansion valve 24 com-
posed of a fully-closing expansion valve and/or the gas
purge valve 30a composed of a fully-closing expansion
valve are herein provided in the first disposed state. Spe-
cifically, the first expansion valve 24 is provided in the
first disposed state as shown in FIG. 19 when there is no
gas purge valve 30a composed of a fully-closing expan-
sion valve (see FIG. 17), and the first expansion valve

24 and/or the gas purge valve 30a are provided in the
first disposed state as shown in FIGS. 20 to 22 when
there is a gas purge valve 30a composed of a fully-closing
expansion valve (see FIG. 18).
[0131] Thus, in the refrigerant circuit 10 of the air con-
ditioning apparatus 1, configured by connecting the com-
pressor 21, the outdoor heat exchanger 23, the first ex-
pansion valve 24, the receiver 25, the liquid-side shut-
off valve 27, and the indoor heat exchanger 41 (also in-
cluding the gas purge valve 30a when there is a gas
purge valve 30a), liquid sealing in the receiver 25 can be
prevented without providing a liquid sealing prevention
pipe, despite a fully-closing expansion valve being used
as the first expansion valve 24 (and a fully-closing ex-
pansion valve being used as the gas purge valve 30a
when there is a gas purge valve 30a).

INDUSTRIAL APPLICABILITY

[0132] The present invention is widely applicable in air
conditioning apparatuses having a refrigerant circuit con-
figured by connecting a compressor, an outdoor heat ex-
changer, a first expansion valve, a receiver, an open-
ing/closing valve, and an indoor heat exchanger.

REFERENCE SIGNS LIST

[0133]

1 Air conditioning apparatus
10 Refrigerant circuit
21 Compressor
23 Outdoor heat exchanger
41 Indoor heat exchanger
24 First expansion valve
26 Second expansion valve (opening/closing valve)
27 Liquid-side shut-off valve (opening/closing valve)
30a Gas purge valve
52a Upper valve chamber (space on needle retracting

direction side of valve seat)
52b Lower valve chamber (space on needle advanc-

ing direction side of valve seat)
55 Valve seat
61 Needle
62 Spring

CITATION LIST

PATENT LITERATURE

[Patent Literature 1]

[0134] Japanese Laid-open Patent Unexamined pub-
lication No. H10-132393
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Claims

1. An air conditioning apparatus (1) having a refrigerant
circuit (10) configured by connecting a compressor
(21), an outdoor heat exchanger (23), a first expan-
sion valve (24), a receiver (25), an opening/closing
valve (26, 27), and an indoor heat exchanger (41) ;
wherein
a fully-closing expansion valve that is fully closed by
a needle (61) sitting on a valve seat (55) is used as
the first expansion valve, and the first expansion
valve is provided to the refrigerant circuit in a first
disposed state in which refrigerant from the receiver
flows in from a needle advancing direction side of
the valve seat, and out to a needle retracting direction
side of the valve seat through a gap between the
needle and the valve seat, the needle advancing di-
rection being the direction in which the needle moves
when the needle sits on the valve seat, and the nee-
dle retracting direction being the direction in which
the needle moves when the needle retracts from the
valve seat; and
the first expansion valve provided to the refrigerant
circuit in the first disposed state has a spring (62) for
urging the needle seated on the valve seat in the
needle advancing direction when the valve is fully
closed, and is configured so that the needle is re-
leased from sitting on the valve seat when the urging
force of the spring in the needle advancing direction
is overcome by a force pushing the needle in the
needle retracting direction as generated by a coun-
ter-pressure valve-opening pressure difference,
which is the difference between refrigerant pressure
in a space (52a) on the needle retracting direction
side of the valve seat and refrigerant pressure in a
space (52b) on the needle advancing direction side
of the valve seat.

2. The air conditioning apparatus (1) according to claim
1, wherein
the opening/closing valve is a liquid-side shut-off
valve (27).

3. The air conditioning apparatus (1) according to claim
1, wherein
the opening/closing valve is a second expansion
valve (26);
the second expansion valve is a fully-closing expan-
sion valve that is fully closed by a needle (61) sitting
on a valve seat (55);
at least one of the first expansion valve (24) and the
second expansion valve in this case is provided to
the refrigerant circuit (10) in a first disposed state in
which refrigerant from the receiver flows in from a
needle advancing direction side of the valve seat,
and out to a needle retracting direction side of the
valve seat through a gap between the needle and
the valve seat, the needle advancing direction being

the direction in which the needle moves when the
needle sits on the valve seat, and the needle retract-
ing direction being the direction in which the needle
moves when the needle retracts from the valve seat;
and
the first expansion valve and/or the second expan-
sion valve provided to the refrigerant circuit in the
first disposed state has a spring (62) for urging the
needle seated on the valve seat in the needle ad-
vancing direction when the valve is fully closed, the
first expansion valve and/or the second expansion
valve being configured so that the needle is released
from sitting on the valve seat when the urging force
of the spring in the needle advancing direction is
overcome by a force pushing the needle in the needle
retracting direction as generated by a counter-pres-
sure valve-opening pressure difference, which is the
difference between refrigerant pressure in a space
(52a) on the needle retracting direction side of the
valve seat and refrigerant pressure in a space (52b)
on the needle advancing direction side of the valve
seat.

4. The air conditioning apparatus (1) according to any
of claims 1 through 3, wherein
the urging force of the spring when the valve is fully
closed is set so that the sum total of the counter-
pressure valve-opening pressure difference and a
maximum saturation pressure is equal to or less than
the proof pressure of the receiver, the maximum sat-
uration pressure being the refrigerant saturation
pressure corresponding to the maximum value of at-
mospheric temperature in the location where the re-
ceiver (25), the first expansion valve (24), and the
opening/closing valve (26, 27) are installed.

5. The air conditioning apparatus (1) according to claim
1, wherein
the refrigerant circuit (10) further has a gas purge
valve (30a) for purging refrigerant from the upper
space of the receiver (25);
a fully-closing expansion valve that is fully closed by
a needle (61) sitting on a valve seat (55) is used as
the gas purge valve;
at least one of the first expansion valve (24) and the
gas purge valve in this case is provided to the refrig-
erant circuit in a first disposed state in which refrig-
erant from the receiver flows in from a needle ad-
vancing direction side of the valve seat, and out to
a needle retracting direction side of the valve seat
through a gap between the needle and the valve
seat, the needle advancing direction being the direc-
tion in which the needle moves when the needle sits
on the valve seat, and the needle retracting direction
being the direction in which the needle moves when
the needle retracts from the valve seat; and
the first expansion valve and/or the gas purge valve
provided to the refrigerant circuit in the first disposed
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state has a spring (62) for urging the needle seated
on the valve seat in the needle advancing direction
when the valve is fully closed, the first expansion
valve and/or the gas purge valve being configured
so that the needle is released from sitting on the valve
seat when the urging force of the spring in the needle
advancing direction is overcome by a force pushing
the needle in the needle retracting direction as gen-
erated by a counter-pressure valve-opening pres-
sure difference, which is the difference between re-
frigerant pressure in a space (52a) on the needle
retracting direction side of the valve seat and refrig-
erant pressure in a space (52b) on the needle ad-
vancing direction side of the valve seat.

6. The air conditioning apparatus (1) according to claim
5, wherein
the opening/closing valve is a liquid-side shut-off
valve (27).

7. The air conditioning apparatus (1) according to claim
1, wherein
the opening/closing valve is a second expansion
valve (26);
the refrigerant circuit (10) further has a gas purge
valve (30a) for purging refrigerant from the upper
space of the receiver (25);
fully-closing expansion valves that are each fully
closed by a needle (61) sitting on a valve seat (55)
are used for the second expansion valve and the gas
purge valve;
at least one of the first expansion valve (24), the sec-
ond expansion valve, and the gas purge valve in this
case is provided to the refrigerant circuit in a first
disposed state in which refrigerant from the receiver
flows in from a needle advancing direction side of
the valve seat, and out to a needle retracting direction
side of the valve seat through a gap between the
needle and the valve seat, the needle advancing di-
rection being the direction in which the needle moves
when the needle sits on the valve seat, and the nee-
dle retracting direction being the direction in which
the needle moves when the needle retracts from the
valve seat; and
the first expansion valve, the second expansion
valve, and/or the gas purge valve provided to the
refrigerant circuit in the first disposed state has a
spring (62) for urging the needle seated on the valve
seat in the needle advancing direction when the
valve is fully closed, the first expansion valve, the
second expansion valve, and/or the gas purge valve
being configured so that the needle is released from
sitting on the valve seat when the urging force of the
spring in the needle advancing direction is overcome
by a force pushing the needle in the needle retracting
direction as generated by a counter-pressure valve-
opening pressure difference, which is the difference
between refrigerant pressure in a space (52a) on the

needle retracting direction side of the valve seat and
refrigerant pressure in a space (52b) on the needle
advancing direction side of the valve seat.

8. The air conditioning apparatus (1) according to any
of claims 5 through 7, wherein
the urging force of the spring when the valve is fully
closed is set so that the sum total of the counter-
pressure valve-opening pressure difference and a
maximum saturation pressure is equal to or less than
the proof pressure of the receiver, the maximum sat-
uration pressure being the refrigerant saturation
pressure corresponding to the maximum value of at-
mospheric temperature in the location where the re-
ceiver (25), the first expansion valve (24), the open-
ing/closing valve (26, 27), and the gas purge valve
(30a) are installed.

9. The air conditioning apparatus (1) according to claim
4 or 8, wherein
the proof pressure of the receiver (25) is a pressure
value obtained by multiplying the design pressure of
the receiver by a safety factor.

10. The air conditioning apparatus (1) according to claim
1 or 5, wherein
the opening/closing valves are a second expansion
valve (26) and a liquid-side shut-off valve (27) con-
nected between the second expansion valve and the
indoor heat exchanger (41);
a fully-closing expansion valve that is fully closed by
a needle (61) sitting on a valve seat (55) is used as
the second expansion valve, the second expansion
valve being provided to the refrigerant circuit (10) in
a second disposed state in which refrigerant from
the receiver (25) flows in from the needle retracting
direction side of the valve seat, and out to the needle
advancing direction side of the valve seat through a
gap between the needle and the valve seat; and
the second expansion valve provided to the refrig-
erant circuit in the second disposed state has a
spring (62) for urging the needle seated on the valve
seat in the needle advancing direction when the
valve is fully closed, the second expansion valve be-
ing configured so that the needle is released from
sitting on the valve seat when the urging force of the
spring in the needle advancing direction is overcome
by a force pushing the needle in the needle retracting
direction as generated by a counter-pressure valve-
opening pressure difference, which is the difference
between refrigerant pressure in a space (52a) on the
needle retracting direction side of the valve seat and
refrigerant pressure in a space (52b) on the needle
advancing direction side of the valve seat.

11. The air conditioning apparatus (1) according to claim
10, wherein
the urging force of the spring of the second expan-
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sion valve (26) when the valve is fully closed is set
so that the sum total of a maximum saturation pres-
sure and the counter-pressure valve-opening pres-
sure difference of the second expansion valve is
equal to or less than the minimum value of the proof
pressures of the components constituting the portion
of the refrigerant circuit (10) from the second expan-
sion valve to the liquid-side shut-off valve (27), the
maximum saturation pressure being the refrigerant
saturation pressure corresponding to the maximum
value of atmospheric temperature in the location
where the second expansion valve and the liquid-
side shut-off valve are installed.

12. The air conditioning apparatus (1) according to claim
11, wherein
the proof pressures of the components constituting
the portion of the refrigerant circuit (10) from the sec-
ond expansion valve (26) to the liquid-side shut-off
valve (27) are pressure values obtained by multiply-
ing the design pressures of the components consti-
tuting the portion of the refrigerant circuit from the
second expansion valve to the liquid-side shut-off
valve by a safety factor.

43 44 



EP 3 009 773 A1

24



EP 3 009 773 A1

25



EP 3 009 773 A1

26



EP 3 009 773 A1

27



EP 3 009 773 A1

28



EP 3 009 773 A1

29



EP 3 009 773 A1

30



EP 3 009 773 A1

31



EP 3 009 773 A1

32



EP 3 009 773 A1

33



EP 3 009 773 A1

34



EP 3 009 773 A1

35



EP 3 009 773 A1

36



EP 3 009 773 A1

37



EP 3 009 773 A1

38



EP 3 009 773 A1

39



EP 3 009 773 A1

40



EP 3 009 773 A1

41



EP 3 009 773 A1

42



EP 3 009 773 A1

43



EP 3 009 773 A1

44



EP 3 009 773 A1

45



EP 3 009 773 A1

46

5

10

15

20

25

30

35

40

45

50

55



EP 3 009 773 A1

47

5

10

15

20

25

30

35

40

45

50

55



EP 3 009 773 A1

48

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP H10132393 A [0002] [0134]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

