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Description

Technical Field

[0001] The present invention relates to an air condi-
tioner updating method.

Background Art

[0002] One example of a conventional air conditioner
is the air conditioners used to condition the air of office
buildings. This kind of air conditioner includes chiefly a
heat source unit having a compressor and a heat-source-
side heat exchanger, a user unit having a user-side heat
exchanger, and gaseous refrigerant piping and liquid re-
frigerant piping for connecting said units together. In view
of such environmental concerns as destruction of the
ozone layer, HFC (hydrofluorocarbon) refrigerants have
come to be used as the working refrigerant in such air
conditioners.
[0003] When air conditioners in existing buildings are
updated or replaced, the existing gaseous refrigerant pip-
ing and liquid refrigerant piping is sometimes reused as
is in order to reduce the cost and time required for the
replacement work. In such cases, the air conditioner in-
stallation work proceeds chiefly according to the following
steps:

<1> Recover refrigerant
<2> Install equipment
<3> Install piping and wiring (reuse existing gaseous
refrigerant piping and liquid refrigerant piping)
<4> Pull vacuuming
<5> Charge system with refrigerant

[0004] With this work procedure, the work time can be
reduced chiefly by simplifying the piping and wiring work.
[0005] However, debris, oil, and other residual contam-
inants that remain in existing gaseous refrigerant pipes
and liquid refrigerant pipes must be removed by cleaning
the piping before running the air conditioner in the normal
fashion. More particularly, if the existing air conditioner
used a CFC (chlorofluorocarbon) or HCFC (hydro-chlo-
rofluorocarbon) refrigerant as the working refrigerant, old
refrigerant oil for the CFC (chlorofluorocarbon) or HCFC
(hydro-chlorofluorocarbon) refrigerant will remain in the
existing gaseous refrigerant piping and liquid refrigerant
piping. Consequently, the old refrigerant oil will not be
compatible with the new refrigerant oil for the HFC refrig-
erant and will behave as a contaminant in the refrigerant
circuit, possibly clogging expansion valves and capillar-
ies in the refrigerant circuit and damaging the compres-
sor.
[0006] The refrigerant oils used for the conventional
CFC and HCFC refrigerants are naphthene-based min-
eral oils and other non-polar oils. Conversely, the oils
used for the newer HFC and HC refrigerants are ester-
based and ether-based mineral oils and other polar

oils.Consequently, if refrigerant oil for a CFC or HCFC
refrigerant remains in the piping, the solubility of the re-
frigerant oil in the working refrigerant will change and the
proper refrigeration performance will not be obtained
from the HFC refrigerant. Thus, it is also necessary to
clean the refrigerant piping in view of this issue of refrig-
erant oil compatibility.
[0007] Several refrigerant pipe washing methods have
been proposed that enable existing gaseous refrigerant
piping and liquid refrigerant piping to be reused when an
air conditioner is updated or replaced.
[0008] One such method uses an HCFC refrigerant
(e.g., HCFC141b and HCFC225) in which miner-
al-oil-based refrigerant oils have a high solubility as a
cleaning agent.
[0009] A second method uses repeated batch washing
with an HFC refrigerant after the heat source unit and
user unit have been replaced (JP-B-3149640).
[0010] A third method involves providing an oil collect-
ing device in the refrigerant circuit in addition to updating
the heat source unit and user unit and washing the ex-
isting refrigerant piping by operating the air conditioner
in a mode that circulates the new HFC refrigerant (JP-B-
3361765 and JP-A-2001-41613).
[0011] The first refrigerant pipe washing method wash-
es in a highly effective manner because it uses an HCFC
refrigerant in which the mineral-oil-based residual refrig-
erant oil has a high solubility, but it should not be used
in view of such environmental concerns as destruction
of the ozone layer.
[0012] The second refrigerant pipe washing method is
environmentally friendly because it uses an HFC refrig-
erant, but the requirement of repeated batch washings
consumes a large quantity of refrigerant and makes the
method uneconomical.
[0013] The third refrigerant pipe washing method elim-
inates the need for repeated batch washings because it
enables continuous washing with an operating mode that
circulates the refrigerant. Thus, the method is economical
in that it can reduce the amount of refrigerant used.
[0014] However, if the new heat source unit and user
unit use R407C or R134a as the working refrigerant, the
third refrigerant pipe washing method will not be very
effective at cleaning the refrigerant pipes because min-
eral-oil-based refrigerant oils have a low solubility in
R407C and R134a. Consequently, the quantity of refrig-
erant circulated and the time spent in the pipe washing
mode will both tend to increase. This issue also applies
to the second refrigerant pipe washing method in that the
number of batch washings and the amount of refrigerant
used in each batch increases due to the poor solubility.
[0015] A further method is disclosed in US-B-6189322,
according to which an aromatic polyether oil is employed
as a refrigerator oil. An alternative refrigerant for cleaning
is charged after discharging a refrigerant containing chlo-
rine and the apparatus is operated for a short time. After
the washing procedure, an alternative refrigerant is
charged.
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[0016] JP-A-11-325621 teaches a refrigerator with a
refrigerant containing chlorine, which refrigerant is
changed to a refrigerant containing chlorine after the
washing step.
[0017] Further, a pipe washing apparatus using a
cleaning refrigerant not containing chlorine is disclosed
in JP-A-2002-357377. Pipe washing is performed by con-
necting the pipe washing equipment to the refrigerant
pipe and the refrigerant is updated afterwards.

Disclosure of the Invention

[0018] The object of the present invention is to make
it possible to reduce the amount of refrigerant used and
shorten the amount of time over which the new air con-
ditioner must be run in a refrigerant pipe washing mode
when an air conditioner that used a mineral-oil-based
refrigerant oil is updated to or replaced with an air con-
ditioner using an HFC refrigerant as the working refrig-
erant and the existing refrigerant piping is reused as is.
[0019] The refrigerant pipe washing method described
in claim 1 is an air conditioner updating method, wherein
at least a portion of the equipment constituting an existing
air conditioner is updated or replaced while the refrigerant
piping of the existing air conditioner, i.e., the existing re-
frigerant piping, is reused as is, the method including the
following steps: a refrigerant recovery step in which the
working refrigerant containing the existing refrigerant oil,
i.e., a mineral-oil-based refrigerant oil, is recovered from
the existing air conditioner; an equipment updating step
in which at least a portion of the equipment constituting
the existing air conditioner is updated or replaced; a re-
frigerant charging step in which the air conditioner with
the equipment replaced is charged with a working refrig-
erant comprising an HFC refrigerant containing at least
40 wt% of R32; and a pipe washing step in which the
working refrigerant charged in the refrigerant charging
step is circulated, existing refrigerant oil remaining in the
existing refrigerant piping is carried along with the work-
ing refrigerant, and the existing refrigerant oil is separat-
ed from the working refrigerant in order to remove it from
the existing refrigerant piping, wherein the working re-
frigerant as cleaning refrigerant does not contain any
R134a, a new heat source unit as the equipment updated
or replaced has an oil collecting device that is configured
such that after the working refrigerant has been changed
and before the air conditioner is run in a normal operating
mode, the oil collecting device can draw in working re-
frigerant that is being circulated through the air condition-
er and separate the existing refrigerant oil that is carried
with the working refrigerant, the pipe washing step is ex-
ecuted after the equipment updating step and the refrig-
erant charging step, and the oil collecting device is not
used after the pipe washing step, wherein the refrigerant
by passes an oil collecting container (131) of the oil col-
lecting device. A further aspect, which is presently not H
claimed, relates to a refrigerant pipe washing method
when an air conditioner that used a mineral-oil-based

refrigerant oil is updated to or replaced with an air con-
ditioner using an HFC refrigerant as the working refrig-
erant and the existing refrigerant piping is to be reused
as is, wherein the residual refrigerant oil in the refrigerant
piping is removed by washing the refrigerant piping using
a cleaning agent comprising an HFC refrigerant contain-
ing at least 40 wt% of R32.
[0020] This refrigerant pipe washing method uses an
HFC refrigerant containing 40 wt% or more of R32 as a
cleaning agent. R32 is a refrigerant that is contained in
R407C 15 (composition: 23 wt% of R32, 25wt% of R125,
and 52 wt% of R134a), which is often used as a substitute
for the HCFC refrigerant R22.
[0021] HFC refrigerants are generally thought have a
low solubility with respect to mineral-oil-based refrigerant
oils and, thus, are believed to be incapable of providing
sufficient cleaning action to wash refrigerant pipes con-
taining residues of such oils. Likewise, R32 is not be-
lieved to have a high capacity for cleaning refrigerant
pipes. However, the present inventors have discovered
experimentally that a larger cleaning effect can be ob-
tained when refrigerant pipes containing residual miner-
al-oil-based refrigerant oils are washed using an HFC
refrigerant containing at least 40 wt% of R32 than when
the same are washed using R407C or another HFC re-
frigerant having a small 25 R32 content.
[0022] As a result, it is possible to reduce the amount
of refrigerant used and shorten the amount of time over
which the air conditioner must be run in a refrigerant pipe
washing mode when a conventional refrigerant pipe
washing method is used, such as a method in which re-
peated batch washings are performed using an HFC re-
frigerant or a method in which an oil collecting device is
provided in the refrigerant circuit and the air conditioner
is operated in a mode that circulates an HFC refrigerant.
[0023] Claim 2 describes an air conditioner updating
method, wherein during the pipe washing step, the work-
ing refrigerant is circulated in such a manner that working
refrigerant in a wet state flows through the existing re-
frigerant piping. Further, a refrigerant pipe washing meth-
od is disclosed, wherein the cleaning agent is in a wet
state and the refrigerant piping is washed by flushing it
with the cleaning agent.
[0024] With this refrigerant pipe washing method, the
cleaning effect is increased further because the refriger-
ant piping is flushed with a cleaning agent in a wet state,
which enables the cleaning agent to mix readily with the
residual mineral-oil-based refrigerant oil remaining in the
refrigerant piping. As a result, the amount of refrigerant
used can be reduced and the amount of time over which
the air conditioner must be run in a refrigerant pipe wash-
ing mode can be shortened.
[0025] Further, a refrigerant pipe washing method is
described, wherein the cleaning agent does not contain
any R134a.
[0026] With this refrigerant pipe cleaning method, the
cleaning effect is improved further because the cleaning
agent contains at least 40 wt% of R32 and does not con-
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tain any R134a and the improved cleaning effect can
contribute to reducing the amount of refrigerant used and
shortening the amount of time over which the air condi-
tioner must be run in a pipe washing mode.
[0027] A further aspect relates to a cleaning agent that
contains only components that are contained in the work-
ing refrigerant that will be used when the air conditioner
update is complete.
[0028] With this refrigerant pipe washing method, the
work associated with replacing the cleaning agent with
the working refrigerant is simplified because refrigerant
components that are not contained in the working refrig-
erant will not remain in the refrigerant piping after wash-
ing.
[0029] An air conditioner updating method, which is
not presently claimed, relates to an air conditioner up-
dating method whereby at least a portion of the equip-
ment constituting an existing air conditioner is updated
or replaced while the refrigerant piping of the existing air
conditioner, i.e., the existing refrigerant piping, is reused
as is, the method including the following steps: a refrig-
erant recovery step, an equipment updating step, a re-
frigerant charging step, and a pipe washing step. In the
refrigerant recovery step, the working refrigerant contain-
ing the existing refrigerant oil, i.e., a mineral-oil-based
refrigerant oil, is recovered from the existing air condi-
tioner. In the equipment updating step, at least a portion
of the equipment constituting the existing air conditioner
is updated or replaced. In the refrigerant charging step,
the air conditioner with the equipment replaced is
charged with a working refrigerant comprising an HFC
refrigerant containing at least 40 wt% of R32. In the pipe
washing step, the working refrigerant charged in the re-
frigerant charging step is circulated and existing refrig-
erant oil remaining in the existing refrigerant piping is
carried along with the working refrigerant. The existing
refrigerant oil is then separated from the working refrig-
erant in order to remove it from the existing refrigerant
piping.
[0030] Since this air conditioner updating method uses
an HFC refrigerant containing 40 wt% or more of R32 as
the working refrigerant, a large cleaning effect can be
obtained even if the working refrigerant is used as the
cleaning agent, thus making it possible to shorten the
amount of time over which the air conditioner is run in a
refrigerant pipe washing mode.
[0031] A further aspect relates to an air conditioner up-
dating method, wherein during the pipe washing step,
the working refrigerant is circulated in such a manner that
working refrigerant in a wet state flows through the ex-
isting refrigerant piping.
[0032] With this air conditioner updating method, the
cleaning effect is increased further because the refriger-
ant piping is flushed with a cleaning agent, i.e., the work-
ing refrigerant, in a wet state, which enables the cleaning
agent to mix readily with the residual mineral-oil-based
refrigerant oil remaining in the refrigerant piping. The im-
proved cleaning effect contributes to shortening the

amount of time over which the air conditioner must be
run in a refrigerant pipe washing mode.
[0033] A further aspect relates to an air conditioner that
is obtained by updating or replacing at least a portion of
the equipment of an existing air conditioner and changing
the working refrigerant to an HFC refrigerant, the air con-
ditioner comprising the following: existing refrigerant pip-
ing, a heat source unit, a user unit, and an oil collecting
device. The existing refrigerant piping was used with the
existing air conditioner and contains residue of the exist-
ing refrigerant oil, i.e., a mineral-oil-based refrigerant oil.
The heat source unit and user unit are connected togeth-
er by the existing refrigerant piping. The oil collecting
device is configured such that after the working refriger-
ant has been changed and before the air conditioner is
run in a normal operating mode, the oil collecting device
can draw in working refrigerant that is being circulated
through the air conditioner and separate the existing re-
frigerant oil that is carried with the working refrigerant.
The replaced working refrigerant is an HFC refrigerant
containing at least 40 wt% of R32.
[0034] This air conditioner uses an HFC refrigerant
containing 40 wt% or more of R32 as the working refrig-
erant. Therefore, the existing refrigerant oil remaining in
the piping can be fed into the oil collecting device and
separated/removed with a large cleaning effect when the
air conditioner is run in a mode in which the working re-
frigerant is circulated as a cleaning agent before the air
conditioner is run in a normal operating mode. As a result,
the amount of time over which the air conditioner is run
in a refrigerant pipe washing mode can be shortened.

Brief Descriptions of the Drawings

[0035]

Figure 1 is a schematic view of an existing air con-
ditioner in accordance with the first and second em-
bodiments of the present invention.
Figure 2 is a schematic view of an updated air con-
ditioner in accordance with the first and second em-
bodiments of the present invention.
Figure 3 is a flowchart showing the steps of an air
conditioner updating method in accordance with the
first embodiment of the present invention.
Figure 4 is a graph showing the cleaning effect of
R32.
Figure 5 is a flowchart showing the steps of an air
conditioner updating method in accordance with a
further aspect of the present invention, which is not
presently claimed.

Preferred Embodiments of the Invention

[0036] Embodiments of the present invention will now
be described with reference to the drawings.
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<First Embodiment>

(1) Constituent Features of the Existing Air Conditioner

<1> Overall Configuration

[0037] Figure 1 is a schematic view of the refrigerant
circuit of an existing air conditioner 1. The air conditioner
1 is designed to perform air conditioning, e.g., heating
and cooling, of an office building or other building and is
equipped with the following: one heat source unit 2; a
plurality of user units 5 (two in this embodiment) connect-
ed in parallel; and a liquid refrigerant pipe 6 and gaseous
refrigerant pipe 7 connecting the heat source unit 2 and
the user units 5 together.

<2> Heat source unit

[0038] The heat source unit 2 is configured to be in-
stalled on the roof of a building and is equipped chiefly
with a compressor 21, a four-way selector valve 22, a
heat-source-side heat exchanger 23, and a heat-source-
side expansion valve 24, a liquid refrigerant shut-off valve
25, a gaseous refrigerant shut-off valve 26, and refriger-
ant piping connecting these components together.
[0039] The compressor 21 is a device for drawing in
gaseous refrigerant and compressing it. The four-way
selector valve 22 is configured such that it can change
the flow direction of the refrigerant when the air condi-
tioner is switched between cooling mode and heating
mode. During cooling mode, it connects the discharge
side of the compressor 21 to the gas side of the heat-
source-side heat exchanger 23 and connects the intake
side of the compressor 21 to the gaseous refrigerant shut-
off valve 26. Meanwhile, during heating mode, it connects
the discharge side of the compressor 21 to the gaseous
refrigerant shut-off valve 26 and connects the intake side
of the compressor 21 to the gas side of the heat-source-
side heat exchanger 23. The heat-source-side heat ex-
changer 23 is a heat exchanger for evaporating or con-
densing the refrigerant using air or water as a heat
source. The heat-source-side expansion valve 24 is pro-
vided on the liquid side of the heat-source-side heat ex-
changer 23 and serves to regulate the pressure and flow
rate of refrigerant. The liquid refrigerant shut-off valve 25
and the gaseous refrigerant shut-off valve 26 are con-
nected to the liquid refrigerant pipe 6 and the gaseous
refrigerant pipe 7, respectively.

<3> User unit

[0040] The user units 5 are installed in different loca-
tions inside the building and each is equipped chiefly with
a user-side expansion valve 51, a user-side heat ex-
changer 52, and refrigerant piping connecting these com-
ponents together.
[0041] The user-side heat exchanger 52 is a heat ex-
changer for evaporating or condensing the refrigerant in

order to cool or heat the indoor air. The user-side expan-
sion valve 51 is provided on the liquid side of the user-
side heat exchanger 52 and serves to regulate the pres-
sure and flow rate of refrigerant.

<4> Refrigerant piping

[0042] The liquid refrigerant pipe 6 and the gaseous
refrigerant pipe 7 are refrigerant pipes connecting the
heat-source unit 2 to the user units 5 and the bulk of these
pipes is arranged in the building inside the walls and
above the ceilings. The liquid refrigerant pipe 6 and the
gaseous refrigerant pipe 7 also correspond to the refrig-
erant piping called "existing refrigerant piping," which is
the minimum refrigerant piping that is reused as is when
the air conditioner 1 is updated.

(2) Operation of the Existing Air Conditioner

[0043] The operation of the existing air conditioner 1
will now be described using Figures 1.

<1> Cooling mode

[0044] During cooling mode, the four-way selector
valve 22 is in the state indicated with solid lines in Figure
1, i.e., in such a state that the discharge side of the com-
pressor 21 is connected to the gas side of the
heat-source-side heat exchanger 23 and the intake side
of the compressor 21 is connected to the gaseous refrig-
erant shut-off valve 26. Also, the liquid refrigerant shut-
off valve 25, the gaseous refrigerant shut-off valve 26,
and the heat-source-side expansion valve 24 are opened
and the opening degree of the user-side expansion
valves 51 is adjusted to reduce the pressure of the re-
frigerant.
[0045] When the refrigerant circuit in this state and the
compressor 21 of the heat source unit 2 is started, the
working refrigerant is drawn into the compressor 21, com-
pressed, and sent through the four-way selector valve
22 to the heat-source-side heat exchanger 23, where it
is condensed into liquid refrigerant. This liquid refrigerant
passes through the heat-source-side expansion valve
24, the liquid refrigerant shut-off valve 25, and the liquid
refrigerant pipe 6 and flows to the user units 5. Then, the
pressure of the liquid refrigerant is reduced by the user-
side expansion valves 51 and the refrigerant evaporates
in the user-side heat exchangers 52 while cooling the
indoor air. As a result of the evaporation, the refrigerant
becomes gaseous refrigerant. This gaseous refrigerant
passes through the gaseous refrigerant pipe 7, the gas-
eous refrigerant shut-off valve 26, and the four-way se-
lector valve 22 and is again drawn into the compressor
21. In this way, the air conditioner operates in cooling
mode.
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<2> Heating mode

[0046] During heating mode, the four-way selector
valve 22 is in the state indicated with broken lines in Fig-
ure 1, i.e., in such a state that the discharge side of the
compressor 21 is connected to the gaseous refrigerant
shut-off valve 26 and the intake side of the compressor
21 is connected to the gas side of the heat-source-side
heat exchanger 23. Also, the liquid refrigerant shut-off
valve 25, the gaseous refrigerant shut-off valve 26, and
the user-side expansion valve 51 are opened and the
opening degree of the heat-source-side expansion valve
24 is adjusted to reduce the pressure of the refrigerant.
[0047] When the refrigerant circuit in this state and the
compressor 21 of the heat source unit 2 is started, the
working refrigerant is drawn into the compressor 21, com-
pressed, and sent through the four-way selector valve
22, the gaseous refrigerant shut-off valve 26, and the
gaseous refrigerant pipe 7 to user units 5. The gaseous
refrigerant condenses inside the user-side heat exchang-
ers 52 while heating the indoor air and changes to a liquid
state or a gas-liquid two phase state. This liquid refriger-
ant or gas-liquid two phase refrigerant passes through
the user-side expansion valves 51 and the liquid refrig-
erant pipe 6 and flows to the heat source unit 2. The liquid
refrigerant is pressure-reduced by the heat-source-side
expansion valve 24 and evaporates inside the heat-
source-side heat exchanger 23. The gaseous refrigerant
exiting the heat-source-side heat exchanger 23 passes
through the four-way selector valve 22 and is again drawn
into the compressor 21. In this way, the air conditioner
operates in heating mode.

(3) Updating the Existing Air Conditioner

<1> Regarding the refrigerant and refrigerant oil used in 
the existing air conditioner

[0048] As described above, when the air conditioner 1
is operating in an air conditioning mode, the working re-
frigerant circulates through the user units 5, the heat
source unit 2, and the refrigerant pipes 6, 7. Refrigerant
oil used to lubricate the compressor 21 is charged into
the refrigerant circuit along with the working refrigerant
and a portion of the refrigerant oil mixes with the working
refrigerant and circulates through the refrigerant circuit
along with the working refrigerant.
[0049] The working refrigerant used in the existing air
conditioner 1 is a CFC or HCFC refrigerant and the re-
frigerant oil used is a mineral-oil-based refrigerant oil
(hereinafter called "existing refrigerant oil"). As a result
of operating in cooling and heating mode as described
previously, mineral-oil-based refrigerant oil remains in
the user units 5, heat source unit 2, and refrigerant pipes
6, 7 of the existing air conditioner 1 before it is updated.

<2> Changing the working refrigerant and updating the 
user units and heat source unit

[0050] The method of changing the working refrigerant
to the HFC refrigerant R410A (composition: 50 wt% of
R32 and 50 wt% of R125) and replacing the user units 5
and heat source unit 2 of the existing air conditioner 1
with user units 105 and a heat source unit 102 while re-
using the existing refrigerant piping, i.e., the refrigerant
pipes 6, 7, as is will now be described with reference to
Figure 3.

<Refrigerant recovery step S1>

[0051] First the refrigerant circuit of the existing air con-
ditioner 1 is pumped down in order to recover the working
refrigerant and the existing refrigerant oil contained in
the working refrigerant. More specifically, the liquid re-
frigerant shut-off valve 25 of the heat source unit 2 is
closed and the air conditioner is run in the same manner
as during cooling mode to force the working refrigerant
(which contains existing refrigerant oil) into the heat
source unit 2. Afterwards, the gaseous refrigerant shut-
off valve 26 is closed, the cooling mode operation is ter-
minated, and the working refrigerant (which contains ex-
isting refrigerant oil) is collected in the heat source unit 2.

<Equipment updating step S2>

[0052] As shown in Figure 2, the user units 5 and the
heat source unit 2 are replaced with user units 105 and
a heat source unit 102.
[0053] Similarly to the existing heat source unit 2, the
new heat source unit 102 comprises chiefly a compressor
121, a four-way selector valve 122, a heat-source-side
heat exchanger 123, and a heat-source-side expansion
valve 124, a liquid refrigerant shut-off valve 125, a gas-
eous refrigerant shut-off valve 126, and refrigerant piping
connecting these components.
[0054] As shown in Figure 2, the heat source unit 102
is further provided with an oil collecting device 127. The
oil collecting device 127 is a device serving chiefly to
collect the existing refrigerant oil that was used with the
CFC refrigerant or HCFC refrigerant used in the existing
air conditioner 1 and remains in the existing liquid refrig-
erant pipe 6 and gaseous refrigerant pipe 7, which will
be reused as is with the updated air conditioner. In this
embodiment, the oil collecting device 127 is installed in-
side the heat source unit 102 and is provided in an intake
pipe 135 of the compressor 121, which connects the four-
way selector valve 122 to the intake side of the compres-
sor 121. In this embodiment, the oil collecting device 127
comprises an oil collecting container 131, an inlet pipe
132 including an inlet valve 132a, an outlet pipe 133 in-
cluding a check valve 133a, and a bypass valve 134.
[0055] The oil collecting container 131 is connected to
the intake pipe 135 through the inlet pipe 132 and the
outlet pipe 133 and is configured such that it can separate
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existing refrigerant oil from the working refrigerant flowing
in the intake pipe 135 when the working refrigerant, which
is also used as cleaning agent, is directed through it.
Serving to direct refrigerant to the oil collecting container
131, the inlet pipe 132 branches from the intake pipe 135,
and connects to the inlet of the oil collecting container
131. The inlet pipe 132 extends into the oil collecting
container 131. Serving to return working refrigerant from
which the existing refrigerant oil has been separated by
the oil collecting container 131 to the intake pipe 135, the
outlet pipe 133 branches from the intake pipe 135 at a
position downstream of where the inlet pipe 132 branch-
es and connects to the outlet of the oil collecting container
131. The bypass valve 134 is arranged such that it can
shut off the flow of working refrigerant between the part
of the intake pipe 135 where the inlet pipe 132 branches
therefrom and the part of the intake pipe 135 where the
outlet pipe 133 branches therefrom.
[0056] Similarly to the existing user units 5, the user
units 105 each comprise chiefly a user-side expansion
valve 151, a user-side heat exchanger 152, and refrig-
erant piping connecting these components together.

<Refrigerant charging step S3>

[0057] The liquid refrigerant shut-off valve 125 and
gaseous refrigerant shut-off valve 126 of the heat source
unit 102 are closed and a vacuum is pulled on the user
units 105 and the refrigerant pipes 6, 7. Then, the liquid
refrigerant shut-off valve 125 and gaseous refrigerant
shut-off valve 126 of the heat source unit 102 are opened
and working refrigerant (R410A) that contains refrigerant
oil and has already been charged into the heat source
unit 102 is allowed to fill the entire updated air conditioner
101. There are cases in which the existing refrigerant
pipes 6, 7 are long and cannot be charged with the re-
quired amount of refrigerant using only the amount of
refrigerant that the heat source unit 102 is charged with
in advance. In such cases, additional refrigerant can be
charged from an external source. In this embodiment, an
ester-based or ether-based refrigerant oil that is compat-
ible with R410A and other HFC refrigerants is used as
the refrigerant oil contained in the working refrigerant be-
ing charged.

<Pipe washing step S4>

[0058] Now, pipe washing mode will be explained. The
air conditioner 101 replaces the heat source unit 2 and
the user units 5 with the heat source unit 102 and the
user units 105 while reusing the existing liquid refrigerant
pipe 6 and gaseous refrigerant pipe 7 as existing refrig-
erant piping. Consequently, after the installation work is
completed, the debris, oil, and existing refrigerant oil that
remain as contaminants in the existing refrigerant piping
must be separated and removed from the refrigerant cir-
cuit before running the air conditioner in a normal oper-
ating mode. The pipe washing mode discussed here in-

volves washing the entire refrigerant circuit of the air con-
ditioner 101 using the working refrigerant, i.e., R410A,
as a cleaning agent and using the oil collecting device
127 to collect the existing refrigerant oil remaining in the
refrigerant circuit.
[0059] First, the air conditioner 101 is put into a state
in which the oil collecting device 127 can be used. That
is, the bypass valve 134 is closed and the inlet valve 132a
is opened to configure the circuit such that the refrigerant
is directed into the oil collecting container 131 when the
system is run.
[0060] Then, the air conditioner 101 is run in the same
manner as in the previously described cooling mode.
Since the circuit has been configured to use the oil col-
lecting device 127, the working refrigerant flowing
through the intake pipe 135 passes through the oil col-
lecting device 127 before being drawn into the compres-
sor 121. Consequently, the working refrigerant flows into
the oil collecting device 127 together with debris that re-
mained in various places throughout the refrigerant cir-
cuit and residual existing refrigerant oil that remained in
the liquid refrigerant pipe 6 and the gaseous refrigerant
pipe 7. The contaminant-containing working refrigerant
passes through the inlet pipe 132 and is guided by the
extended inlet pipe 132 to the bottom of the oil collecting
container 131. The existing refrigerant oil and other con-
taminants accompanying the working refrigerant collect
in the bottom of the oil collecting container 131 and only
decontaminated working refrigerant is returned to the in-
take pipe 135 through the outlet pipe 133 and drawn into
the compressor 121.
[0061] During the pipe washing mode, it is also accept-
able to increase the opening degrees of the user-side
expansion valves 151 to a larger opening than during
normal cooling mode operation so that the pressure of
the pressure-reduced refrigerant is increased to a pres-
sure close to the saturation pressure and the refrigerant
enters a wet state (two phase of part gas and part liquid).
Since the refrigerant flowing through the gaseous refrig-
erant pipe 7 is in a wet state, the existing refrigerant oil
remaining in the gaseous refrigerant pipe 7 mixes more
readily with the liquid working refrigerant and the cleaning
effect is improved. Also, liquid working refrigerant flows
into the oil collecting container 131 together with the ex-
isting refrigerant oil. As a result, the existing refrigerant
oil and liquid working refrigerant collect in the bottom of
the oil collecting container 131 and only the gaseous re-
frigerant from which the existing refrigerant oil and liquid
refrigerant have been separated is returned to the intake
pipe 135 through the outlet pipe 133 and drawn into the
compressor 121.
[0062] After the air conditioner 101 has been run in
pipe washing mode for a prescribed amount of time, the
air conditioner 101 is put into a state in which the oil col-
lecting device 127 is not used. That is, the bypass valve
134 is opened and the inlet valve 132a is closed to con-
figure the refrigerant circuit such that the working refrig-
erant bypasses the oil collecting container 131 (i.e., re-
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frigerant circuit is changed over to the normal operation
state).

<3> Experimental testing of pipe washing mode

[0063] Based on the assumption of an air conditioner
that has been updated as described heretofore, the
cleaning effects obtained by operating the air conditioner
in a pipe washing mode using various HFC refrigerants
as the cleaning agent were investigated experimentally.
The results of the experimental testing will now be de-
scribed.
[0064] The experimental testing was conducted by
connecting together a user unit and a heat source unit
prepared for the purpose of the test with refrigerant pip-
ing, charging the refrigerant piping with a mineral oil and
a test HFC refrigerant, running the system in a circulation
mode as described previously, and measuring the
amount of residual mineral oil.
[0065] The experimental conditions were as follows:
500 cc of mineral oil were put into the refrigerant piping
in advance and the compressor of the heat source unit
was operated such that the test HFC refrigerant circulat-
ed at a flow rate of approximately 300 L/min. The us-
er-side expansion valve of the user unit was adjusted
such that the dryness fraction of the refrigerant in the
intake pipe of the compressor was approximately 0.9.
The test HFC refrigerants used were mixtures of R32 and
R125 (four different mixtures) and R407C.
[0066] Figure 4 is a graph showing the results obtained
when the washing mode run time required for the amount
of mineral oil to reach 5000 ppm was measured experi-
mentally for each of the test refrigerants that comprise a
mixture of R32 and R125 (four different mixtures). The
amount of residual mineral oil is indicated as the concen-
tration of mineral oil with respect to the new refrigerant
oil that is charged into the refrigerant circuit together with
the new working refrigerant after the air conditioner is
updated. As shown in Figure 4, it was found that the run
time required for the amount of residual mineral oil to
reach or fall below 5000 ppm tends to increase as the
content of R32 decreases and decrease as the content
of R32 increases. Moreover, it was found that the run
time required for the amount of residual mineral oil to
reach or fall below 5000 ppm tends to level off and be-
come substantially fixed at approximately 35 to 40 min-
utes when the content of R32 is 40 wt% and higher.
[0067] Thus, it can be understood that the refrigerant
pipe cleaning effect increases as the content of R32 in-
creases and a cleaning effect that is both large and stable
can be obtained when an HFC refrigerant having an R32
content of 40 wt% or higher is used.
[0068] Although excluded from Figure 4, the washing
mode run time required for the amount of residual mineral
oil to reach or fall below 5000 ppm was 136 minutes when
R407C was used as the test refrigerant. Thus R407C
was found to require a longer run time and have a poorer
cleaning effect than the refrigerant having an R32 content

of 20 wt% (Figure 4). Before the experimental testing was
conducted, it was hypothesized that the run time for
R407C would be equal to the run time (approximately 90
minutes) obtained with an R32 content of 23 wt% accord-
ing to Figure 4 because the content of R32 in R407C is
23%. However, as just described, it was found that the
run time was markedly longer and the cleaning effect as
markedly poorer than anticipated based on Figure 4. The
reason for this result is not clear, but it is believed that
this result is caused by the fact that R407C contains 52
wt % of R134a. Thus, in order to obtain a large cleaning
effect, it is apparently preferable to use an HFC refriger-
ant that does not contain R134a.

(4) Characteristic Features of the Air Conditioner Updat-
ing Method

[0069] An air conditioner updating method in accord-
ance with this embodiment - whereby an existing air con-
ditioner 1 is updated to an air conditioner 101 that uses
an HFC refrigerant as the working refrigerant while reus-
ing the existing refrigerant pipes 6, 7 - provides the fol-
lowing characteristic features.
[0070] <1> This air conditioner updating method is de-
signed such that, in the pipe washing step, an HFC re-
frigerant (more specifically, R410A) containing 40 wt%
or more of R32 is used as the cleaning agent. As a result,
as described above regarding the experimental test re-
sults, a large cleaning effect can be obtained and the
amount of time over which the air conditioner is run in a
pipe washing mode can be shortened.
[0071] Additionally, the cleaning effect is improved fur-
ther because the cleaning agent (e.g., R410A) contains
at least 40 wt% of R32 and does not contain any R134a
and the improved cleaning effect can contribute to reduc-
ing the amount of refrigerant used and shortening the
amount of time over which the air conditioner must be
run in a pipe washing mode.
[0072] Additionally, since the refrigerant used as the
cleaning agent during the pipe washing mode is the same
as the working refrigerant of the updated air conditioner
101, i.e., the refrigerant R410A, there is no need to
change the refrigerant again after washing the refrigerant
pipes. Thus, an air conditioner updating method in ac-
cordance with this embodiment can contribute to short-
ening the overall work time associated with updating the
air conditioner.
[0073] <2> The updated air conditioner 101 uses an
HFC refrigerant containing 40 wt% or more of R32 as the
working refrigerant. Therefore, the existing refrigerant oil
remaining in the existing refrigerant pipe 6, 7 can be fed
into the oil collecting device 127 and separated/removed
with a high cleaning effect when the air conditioner is run
in a mode in which the working refrigerant is circulated
as a cleaning agent before the air conditioner is run in a
normal operating mode. As a result, the amount of time
over which the air conditioner must be run in the pipe
washing mode can be shortened in comparison with a
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case in which R407C or another HFC refrigerant having
a small R32 content is used.
[0074] In the pipe washing step, the cleaning effect is
increased further because the gaseous refrigerant pipe
7 is flushed with a cleaning agent, i.e., the working re-
frigerant, in a wet state, which enables the cleaning agent
to mix readily with the residual existing refrigerant oil re-
maining in the gaseous refrigerant pipe 7. The improved
cleaning effect contributes to shortening the amount of
time over which the air conditioner must be run in a re-
frigerant pipe washing mode.

< Further Aspect>

[0075] The first embodiment presents an air condition-
er updating method for a case in which an oil collecting
device 127 is provided in the updated heat source unit
102 and the working refrigerant used by the updated air
conditioner 101 is R410A, which contains 50 wt% of R32.
Consequently, in the first embodiment, it is not necessary
to prepare a separate HFC refrigerant containing at least
40 wt% of R32 as the cleaning agent. However, there
are cases in which the working refrigerant used by the
updated air conditioner 101 is R407C, R134a, or other
refrigerant having a small cleaning effect. In such cases,
which are presently not claimed, it is feasible to charge
the air conditioner 101 with an HFC refrigerant containing
40 wt% or more of R32 as a cleaning agent and run it in
a pipe washing mode similar to that of the first embodi-
ment before charging it with the working refrigerant.
[0076] An air conditioner updating method in accord-
ance with a further aspect, which is not presently claimed,
will now be described with reference to Figure 5.

<Refrigerant recovery step S 11>

[0077] Similarly to the first embodiment, the refrigerant
circuit of the existing air conditioner 1 is pumped down
in order to recover the working refrigerant and the existing
refrigerant oil contained in the working refrigerant. More
specifically, the liquid refrigerant shut-off valve 25 of the
heat source unit 2 is closed and the air conditioner is run
in the same manner as during cooling mode to force the
working refrigerant (which contains existing refrigerant
oil) into the heat source unit 2. Afterwards, the gaseous
refrigerant shut-off valve 26 is closed, the cooling mode
operation is terminated, and the refrigerant (which con-
tains existing refrigerant oil) is collected in the heat source
unit 2.

<Equipment updating step S12>

[0078] Similarly to the first embodiment, the user units
5 and the heat source unit 2 are replaced with new user
units 105 and a heat source 102.
[0079] Similarly to the existing heat source unit 2, the
new heat source unit 102 comprises chiefly a compressor
121, a four-way selector valve 122, a heat-source-side

heat exchanger 123, and a heat-source-side expansion
valve 124, a liquid refrigerant shut-off valve 125, a gas-
eous refrigerant shut-off valve 126, and refrigerant piping
connecting these components. Similarly to the first em-
bodiment, the heat source unit 102 is further provided
with an oil collecting device 127.

<Cleaning agent charging step S13>

[0080] The liquid refrigerant shut-off valve 125 and
gaseous refrigerant shut-off valve 126 of the heat source
unit 102 are closed and a vacuum is pulled on the user
units 105 and the refrigerant pipes 6, 7. Then, the liquid
refrigerant shut-off valve 125 and gaseous refrigerant
shut-off valve 126 of the heat source unit 102 are opened
and a cleaning agent that comprises an HFC refrigerant
containing at least 40 wt% of R32 (e.g., R410A) and has
already been charged into the heat source unit 102 is
allowed to fill the entire updated air conditioner 101.

<Pipe washing step S14>

[0081] Using the same procedure as the first embodi-
ment, the air conditioner 101 is run in a pipe washing
mode whereby the cleaning agent is circulated through
the refrigerant circuit.

<Refrigerant charging step S15>

[0082] The cleaning agent used during the pipe wash-
ing mode is discharged from the refrigerant circuit and
replaced with the working refrigerant, e.g., R407C or
R134a.
[0083] Even though the HFC refrigerant used as the
working refrigerant after the update is completed has a
small cleaning effect, the time required for washing the
existing refrigerant piping can be shorted because the
washing is performed using an HFC refrigerant having
an R32 content of 40 wt% or higher as described previ-
ously.
[0084] Since the cleaning agent is a refrigerant con-
taining only one component or all components of the
working refrigerant that will be used when the air condi-
tioner update is complete, like, for example, a case in
which the working refrigerant used after the update is
complete is R407C (composed of R32, R125, and
R134a) and the cleaning agent is R410A (composed of
R32 and R125), a situation in which refrigerant compo-
nents not contained in the working refrigerant remain in
the refrigerant piping after the washing step will not occur.
As a result, the work associated with changing the refrig-
erant is simplified in cases where the cleaning agent and
the updated working refrigerant are different.

<Other Embodiments>

[0085] Although embodiments of the present invention
have been described herein with reference to the draw-
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ings, the specific constituent features are not limited to
those of these embodiments and variations can be made
within a scope that does not deviate from the gist of the
invention.

1) In the embodiments described heretofore, an oil
collecting device is provided in the updated heat
source unit and the piping is washed. However, it is
also acceptable if an oil collecting device is not pro-
vided and, after the old refrigerant has been recov-
ered from the existing air conditioner, batch wash-
ings are performed repeatedly with an HFC refriger-
ant containing 40 wt% or more of R32 before the
updated air conditioner is charged with the working
refrigerant. Even though batch washings are per-
formed, such merits as reducing the number of batch
wash repetitions can be obtained.
2) The number of heat source units and the number
of user units are not limited to the numbers presented
in the embodiments.
3) Although the embodiments presented situations
in which both the heat source unit and the user units
are updated (replaced), the invention is not limited
to such situations. The present invention can also
be applied to situations in which only the heat source
unit or only the user units are updated (replaced).

Applicability to Industry

[0086] The present invention is to make it possible to
reduce the amount of refrigerant used and shorten the
amount of time over which the new air conditioner must
be run in a refrigerant pipe washing mode when an air
conditioner that used a mineral-oil-based refrigerant oil
is updated to an air conditioner using an HFC refrigerant
as the working refrigerant and the existing refrigerant pip-
ing is reused as is.

Claims

1. An air conditioner updating method, wherein at least
a portion (2, 5) of the equipment constituting an ex-
isting air conditioner (1) is updated or replaced while
the existing refrigerant piping (6, 7) of the existing
air conditioner, is reused as is, the method including
the following steps:

a refrigerant recovery step (SI) in which the
working refrigerant containing the existing min-
eral-oil-based refrigerant oil, is recovered from
the existing air conditioner;
an equipment updating step (S2) in which at
least a portion of the equipment constituting the
existing air conditioner is updated or replaced;
a refrigerant charging step (S3) in which the air
conditioner with the equipment replaced is
charged with a working refrigerant comprising

an HFC refrigerant containing at least 40 wt%
of R32; and
a pipe washing step (S4) in which the working
refrigerant charged in the refrigerant charging
step is circulated, existing refrigerant oil remain-
ing in the existing refrigerant piping is carried
along with the working refrigerant, and the ex-
isting refrigerant oil is separated from the work-
ing refrigerant in order to remove it from the ex-
isting refrigerant piping, wherein
the working refrigerant as cleaning refrigerant
does not contain any R134a,
a new heat source unit (102) as the equipment
updated or replaced has an oil collecting device
(127) that is configured such that after the work-
ing refrigerant has been changed and before the
air conditioner is run in a normal operating mode,
the oil collecting device can draw in working re-
frigerant that is being circulated through the air
conditioner and separate the existing refrigerant
oil that is carried with the working refrigerant,
the pipe washing step (S4) is executed after the
equipment updating step (S2) and the refriger-
ant charging step (S3), and
the oil collecting device (127) is not used after
the pipe washing step (S4), wherein the refrig-
erant bypasses an oil collecting container (131)
of the oil collecting device.

2. The air conditioner updating method recited in claim
1, wherein during the pipe washing step (S4), the
working refrigerant is circulated in such a manner
that working refrigerant in a wet state flows through
the existing refrigerant piping (7).

Patentansprüche

1. Klimaanlagenerneuerungsverfahren, bei dem zu-
mindest ein Abschnitt (2, 5) der Ausrüstung, die eine
bestehende Klimaanlage (1) darstellt, erneuert oder
ersetzt wird, während die bestehende Kühlmittel-
rohranlage (6, 7) der bestehenden Klimaanlage wie-
derverwendet wird, wie sie ist, wobei das Verfahren
die folgenden Schritte aufweist:

einen Kühlmittelrückgewinnungsschritt (SI), bei
dem das Arbeitskühlmittel, das das bestehende
Mineralöl-basierte Kühlmittelöl enthält, aus der
bestehenden Klimaanlage zurückgewonnen
wird;
einen Ausrüstungserneuerungsschritt (S2), bei
dem zumindest ein Abschnitt der Ausrüstung,
die die bestehende Klimaanlage darstellt, er-
neuert oder ersetzt wird;
einen Kühlmittelfüllschritt (S3), bei dem die Kli-
maanlage mit der ersetzten Ausrüstung mit ei-
nem Arbeitskühlmittel gefüllt wird, das ein HFC-
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Kühlmittel aufweist, das zumindest 40-Ge-
wichts% von R32 enthält; und
einen Rohrwaschschritt (S4), bei dem das Ar-
beitskühlmittel zirkuliert wird, das in dem Kühl-
mittelfüllschritt eingefüllt wurde, bestehendes
Kühlmittelöl, das in der bestehenden Kühlmittel-
rohranlage verbleibt, mit dem Arbeitskühlmittel
getragen wird und das bestehende Kühlmittelöl
von dem Arbeitskühlmittel getrennt wird, um es
aus der bestehenden Kühlmittelrohranlage zu
entfernen, wobei
das Arbeitskühlmittel als Säuberungskühlmittel
kein R134a aufweist,
eine neue Wärmequelleneinheit (102) als die er-
neuerte oder ersetzte Ausrüstung eine Ölsam-
melvorrichtung (127) aufweist, die derart gestal-
tet ist, dass, nachdem das Arbeitskühlmittel ge-
wechselt wurde und bevor die Klimaanlage in
einem normalen Betriebsmodus läuft, die Öl-
sammelvorrichtung Arbeitskühlmittel einziehen
kann, das durch die Klimaanlage zirkuliert wird,
und das bestehende Kühlmittelöl trennen kann,
das mit dem Arbeitskühlmittel getragen wird,
der Rohrwaschschritt (S4) ausgeführt wird,
nachdem der Ausrüstungserneuerungsschritt
(S2) und der Kühlmittelfüllschritt (S3) ausgeführt
worden sind, und
die Ölsammelvorrichtung (127) nach dem Rohr-
waschschritt (S4) nicht verwendet wird, wobei
das Kühlmittel einen Ölsammelbehälter (131)
der Ölsammelvorrichtung umgeht.

2. Klimaanlagenerneuerungsverfahren nach An-
spruch 1, bei dem das Arbeitskühlmittel während des
Rohrwaschschritts (S4) derart zirkuliert wird, dass
Arbeitskühlmittel in einem nassen Zustand durch die
bestehende Kühlmittelrohranlage (7) fließt.

Revendications

1. Procédé de mise à jour d’un climatiseur, dans lequel
au moins une partie (2, 5) de l’équipement consti-
tuant un climatiseur existant (1) est mise à jour ou
remplacée tandis que la tuyauterie de réfrigérant
existant (6, 7) du climatiseur existant, est réutilisée
telle quelle, le procédé comportant les étapes
suivantes :

une étape de récupération de réfrigérant (S1)
dans laquelle le réfrigérant de travail contenant
de l’huile réfrigérante existante à base d’huile
minérale, est récupéré à partir du climatiseur
existant ;
une étape de mise à jour d’équipement (S2)
dans laquelle au moins une partie de l’équipe-
ment constituant le climatiseur existant est mise
à jour ou remplacée ;

une étape de chargement de réfrigérant (S3)
dans laquelle le climatiseur avec l’équipement
remplacé est chargé avec un réfrigérant de tra-
vail comprenant un réfrigérant HFC contenant
au moins 40% en poids de R32 ; et
une étape de lavage de tuyau (S4) dans laquelle
le réfrigérant de travail chargé dans l’étape de
chargement de réfrigérant circule, de l’huile ré-
frigérante existante restante dans la tuyauterie
de réfrigérant existant est entraînée avec le ré-
frigérant de travail, et l’huile réfrigérante exis-
tante est séparée du réfrigérant de travail afin
de la retirer de la tuyauterie de réfrigérant exis-
tant, où
le réfrigérant de travail tel qu’un réfrigérant de
nettoyage ne contient pas de R134a,
une nouvelle unité de source de chaleur (102)
telle que l’équipement mis à jour ou remplacé
comporte un dispositif de collecte d’huile (127)
qui est configuré de sorte qu’après le change-
ment du réfrigérant de travail et qu’avant le fonc-
tionnement du climatiseur dans un mode de
fonctionnement normal, le dispositif de collecte
d’huile puisse aspirer un réfrigérant de travail
qui circule à travers le climatiseur et séparer
l’huile réfrigérante existante qui est entraînée
avec le réfrigérant de travail,
l’étape de lavage de tuyau (S4) est exécutée
après l’étape de mise à jour de l’équipement
(S2) et l’étape de chargement de réfrigérant
(S3), et
le dispositif de collecte d’huile (127) n’est pas
utilisé après l’étape de lavage de tuyau (S4), où
le réfrigérant contourne un récipient de collecte
d’huile (131) du dispositif de collecte d’huile.

2. Procédé de mise à jour d’un climatiseur dans la re-
vendication 1, dans lequel, pendant l’étape de lava-
ge de tuyau (S4), le réfrigérant de travail circule de
telle sorte que le réfrigérant de travail dans un état
humide s’écoule à travers la tuyauterie de réfrigérant
existant (7).
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