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(57) An object is to provide an oil-return operation
method for a multi-type air conditioner with which an oil-
return operation according to the installation conditions
can be performed and that can reduce undesirable de-
terioration of the air-conditioning feeling, the occurrence
of noise, and the loss of motive power. In an oil-return
operation method for a multi-type air conditioner (1) hav-

ing at least one outdoor unit (3) and a plurality of indoor
units (9) connected thereto in parallel with one another,
the positional relationship between the outdoor unit (3)
and the indoor units (9) in the vertical direction is inputted,
and oil-return control the details of which are in accord-
ance with the inputted positional relationship in the ver-
tical direction is performed.
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Description

Technical Field

[0001] The present invention relates to an oil-return
operation method for a multi-type air conditioner and to
a multi-type air conditioner that performs an oil-return
operation using the same.

Background Art

[0002] A multi-type air conditioner is formed of one out-
door unit and a plurality of indoor units connected thereto
in parallel with one another. Multi-type air conditioners
include so-called cooling/heating free air conditioners in
which each indoor unit can freely perform cooling or heat-
ing (see Patent Citation 1) and cooling/heating switching
air conditioners in which all the indoor units perform cool-
ing or heating together (see Patent Citation 2).
Because these multi-type air conditioners are used in,
for example, buildings having multiple rooms (installation
sites of the indoor units), the distance between the out-
door unit and the indoor units is large, and the distance
in the height direction is also large.
[0003] Compressors of air conditioners, including the
multi-type air conditioners, use lubricating oil for lubricat-
ing sliding parts thereof. This lubricating oil is made of
an oil that is soluble in refrigerant, and part of which flows,
together with the refrigerant discharged from the com-
pressor, in a system including indoor heat exchangers
and an outdoor heat exchanger and is recovered again
by the compressor.
This lubricating oil inhibits heat transfer if deposited on
the inner walls of the heat exchangers while flowing in
the system. Furthermore, deposition of the lubricating oil
on the inner wall of a refrigerant pipe reduces the amount
of the lubricating oil returning to the compressor, resulting
in insufficient lubrication of the compressor.
In order to recover the lubricating oil deposited and re-
maining on the inner walls of the heat exchangers and
refrigerant pipe, an oil-return operation is performed to
recover the lubricating oil at the compressor.
[0004] This oil-return operation need not be performed
on a portion through which liquid refrigerant flows be-
cause the oil is recovered with the liquid refrigerant, but
is performed on a portion through which gas refrigerant
flows.
Accordingly, during cooling, the oil-return operation is
performed by, for example, increasing the rotational
speed of the compressor to increase the flow rate of the
gas refrigerant in the system or allowing the refrigerant,
in the liquid state, to flow out of the indoor heat exchang-
ers and to flow through a gas pipe (liquid back). During
heating, the oil-return operation is performed by, for ex-
ample, temporarily switching to a cooling cycle and per-
forming a pseudo-defrosting operation.
[0005] Patent Citation 1:

Japanese Unexamined Patent Application, Publica-
tion No. 2006-125762

Patent Citation 2:

Japanese Unexamined Patent Application, Publica-
tion No. Sho 63-73052

Disclosure of Invention

[0006] Meanwhile, the details of the oil-return opera-
tion of the multi-type air conditioner are defined assuming
the worst-case installation conditions of the indoor units
and outdoor unit, e.g., the distance between the outdoor
unit and the indoor units (pipe length) and the distance
in the height direction (head), so that sufficient oil return
can be performed under such conditions.
On the other hand, multi-type air conditioners are in-
stalled in various types of buildings. For example, the
outdoor unit of the multi-type air conditioner may be in-
stalled on the roof, in the basement, or somewhere be-
tween them. Moreover, the distance, in the vertical direc-
tion, between the outdoor unit and the indoor unit that is
farthest therefrom (head) also varies. These conditions
are usually less unfavorable than the assumed installa-
tion conditions of the multi-type air conditioner.
[0007] Therefore, an excessive oil-return operation is
performed under normal installation conditions of the
multi-type air conditioner. This may cause deterioration
of the air-conditioning feeling, such as undesired stop-
ping of cooling/heating, a fault such as the occurrence
of unwanted noise, and the loss of motive power.
[0008] The present invention has been made in view
of the above-described circumstances, and an object
thereof is to provide an oil-return operation method for a
multi-type air conditioner with which an oil-return opera-
tion according to the installation conditions can be per-
formed and undesirable deterioration of the air-condition-
ing feeling, the occurrence of noise, and the loss of motive
power can be reduced, and to provide a multi-type air
conditioner using the same.
[0009] To overcome the above-described problems,
the present invention employs the following solutions.
That is, a first aspect of the present invention is an oil-
return operation method for a multi-type air conditioner
having at least one outdoor unit and a plurality of indoor
units connected thereto in parallel with one another. The
positional relationship, in the vertical direction, between
the outdoor unit and the indoor units is inputted, and oil-
return control the details of which are in accordance with
the inputted positional relationship in the vertical direction
is performed.
[0010] The oil-return operation method for a multi-type
air conditioner according to this aspect has, as one pa-
rameter for the oil-return control, the positional relation-
ship between the outdoor unit and the indoor units in the
vertical direction. By inputting the positional relationship,
in the vertical direction, between the outdoor unit and the
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indoor units of the multi-type air conditioner to be in-
stalled, oil-return control the details of which are in ac-
cordance with the positional relationship in the vertical
direction is performed.
For example, in a multi-type air conditioner that switches
between cooling and heating, the gas refrigerant moves
from the indoor units to the outdoor unit during cooling,
and from the outdoor unit to the indoor units during heat-
ing, and the liquid refrigerant moves from the outdoor
unit to the indoor units during cooling, and from the indoor
units to the outdoor unit during heating.
On the other hand, the lubricating oil does not remain in
the liquid refrigerant part. Even in the gas refrigerant por-
tion, if it moves from above to below, it does not remain
but moves due to the effect of gravity.
[0011] Accordingly, if the outdoor unit is located higher
than the indoor units, during heating, the gas refrigerant
moves downward to the indoor units and, from there, is
returned, in the form of liquid refrigerant, to the outdoor
unit. Thus, the lubricating oil does not remain but is re-
covered by the outdoor unit. Moreover, if the outdoor unit
is located lower than the indoor units, during cooling, the
liquid refrigerant moves upward to the indoor units and,
from there, is returned, in the form of gas refrigerant, to
the lower outdoor unit. Thus, the lubricating oil does not
remain but is recovered by the outdoor unit.
Thus, if the outdoor unit is located higher than the indoor
units, the oil-return operation is not performed during
heating, and, if the outdoor unit is located lower than the
indoor units, the oil-return operation is not performed dur-
ing cooling.
[0012] As has been described, based on the inputted
positional relationship, in the vertical direction, between
the outdoor unit and the indoor units, the oil-return oper-
ation by means of the oil-return control is not performed
during, for example, either cooling or heating. Therefore,
undesirable deterioration of the air-conditioning feeling,
the occurrence of noise, and the loss of motive power
can be reduced.
[0013] A second aspect of the present invention is an
oil-return operation method for a multi-type air condition-
er having at least one outdoor unit and a plurality of indoor
units connected thereto in parallel with one another. The
distance, in the vertical direction, between the outdoor
unit and the indoor unit that is farthest from the outdoor
unit in the height direction is inputted, and oil-return con-
trol the details of which are in accordance with the input-
ted distance in the vertical direction is performed.
[0014] For example, the assumed rate of the gas re-
frigerant necessary to convey the lubricating oil is de-
fined. This rate is defined on the basis of the amount of
refrigerant discharged from the compressor per unit time
and the capacity of the pipe, in other words, the distance
between the outdoor unit and the indoor units. Assuming
the worst-case distance between the indoor units and
the outdoor unit (pipe length), distance in the height di-
rection (head), etc., the load on the compressor is defined
such that the rate of the gas refrigerant necessary for this

distance can be obtained.
[0015] The oil-return operation method for a multi-type
air conditioner according to this aspect has, as one pa-
rameter for the oil-return control, the distance, in the ver-
tical direction, between the outdoor unit and the indoor
units (head). By inputting the distance, in the vertical di-
rection, between the outdoor unit and the indoor units of
the multi-type air conditioner to be installed, oil-return
control the details of which are in accordance with the
distance in the vertical direction is performed.
More specifically, the load on the compressor during the
oil-return operation is reduced in accordance with the
proportion of the inputted distance, in the vertical direc-
tion, between the outdoor unit and the indoor units to the
assumed distance, in the vertical direction, between the
outdoor unit and the indoor units. In other words, the load
on the compressor is defined such that it satisfies the
assumed rate of the gas refrigerant necessary to convey
the lubricating oil over the inputted distance, in the vertical
direction, between the outdoor unit and the indoor units.
As has been described, because, for example, the load
on the compressor is reduced in accordance with the
inputted distance, in the vertical direction, between the
outdoor unit and the indoor unit, the motive power re-
quired for the oil-return operation can be reduced.
[0016] If the load on the compressor during the oil-
return operation is set low, for example, an increase in
the load on the compressor to satisfy the required cooling
capacity during the cooling operation, in which the oper-
ation is performed in the same direction, results in a sit-
uation where the load on the compressor during the oil-
return operation is exceeded.
That is, because the oil-return operation is performed
simultaneously with the cooling operation, the time re-
quired for the next oil-return operation can be reduced
by the corresponding time, or, if this state lasts for a long
time, the next oil-return operation can be omitted alto-
gether (canceled).
As has been described, because, for example, the load
on the compressor is reduced in accordance with the
inputted distance, in the vertical direction, between the
outdoor unit and the indoor unit, undesirable deterioration
of the air-conditioning feeling, the occurrence of noise,
and the loss of motive power can be reduced.
[0017] A third aspect of the present invention is an oil-
return operation method for a multi-type air conditioner
having at least one outdoor unit and a plurality of indoor
units connected thereto in parallel with one another. The
positional relationship, in the vertical direction, between
the outdoor unit and the indoor units and the distance, in
the vertical direction, between the outdoor unit and the
indoor unit that is farthest from the outdoor unit in the
height direction is inputted, and oil-return control the de-
tails of which are in accordance with the inputted posi-
tional relationship in the vertical direction and the dis-
tance in the height direction is performed.
[0018] The oil-return operation method for a multi-type
air conditioner according to this aspect has, as parame-
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ters for the oil-return control, the positional relationship,
in the vertical direction, between the outdoor unit and the
indoor units and the distance, in the vertical direction,
between the outdoor unit and the indoor units. By input-
ting the positional relationship, in the vertical direction,
between the outdoor unit and the indoor units of the multi-
type air conditioner to be installed and the distance, in
the vertical direction, between the outdoor unit and the
indoor unit, oil-return control the details of which are in
accordance with the positional relationship in the vertical
direction is performed.
Each of these parameters has the above-described ef-
fects and advantages.
Moreover, depending on the positional relationship in the
vertical direction, if the traveling direction of the gas re-
frigerant during the oil-return operation is from above to
below, for example, the load on the compressor can be
further reduced with the assistance of gravity.
[0019] In the above-described aspects, it is preferable
that the positional relationship, in the vertical direction,
between the outdoor unit and the indoor units and/or the
distance, in the vertical direction, between the outdoor
unit and the indoor unit that is farthest from the outdoor
unit in the height direction be inputted at an installation
site.
This makes it possible to set the positional relationship,
in the vertical direction, between the outdoor unit and the
indoor units and/or the distance, in the vertical direction,
between the outdoor unit and the indoor unit that is far-
thest from the outdoor unit in the height direction in the
state in which they are actually installed. Thus, setting
can be assuredly performed.
[0020] A fourth aspect of the present invention is a mul-
ti-type air conditioner that performs an oil-return opera-
tion using any one of the above-described oil-return op-
eration methods for a multi-type air conditioner.
[0021] In the multi-type air conditioner according to this
aspect, because the oil-return operation method allowing
for the oil-return operation according to the installation
conditions is used, undesirable deterioration of the air-
conditioning feeling, the occurrence of noise, and the loss
of motive power can be reduced.
[0022] According to the present invention, the position-
al relationship, in the vertical direction, between the out-
door unit and the indoor units and/or the distance, in the
vertical direction, between the outdoor unit and the indoor
units are inputted, and oil-return control the details of
which are in accordance with the inputted positional re-
lationship in the vertical direction and/or the distance be-
tween the outdoor unit and the indoor units in the vertical
direction is performed. Thus, undesirable deterioration
of the air-conditioning feeling, the occurrence of noise,
and the loss of motive power can be reduced.

Brief Description of Drawings

[0023]

[FIG. 1] FIG. 1 is a diagram showing a refrigeration
cycle of a multi-type air conditioner according to a
first embodiment of the present invention.
[FIG. 2] FIG. 2 is a schematic view showing the flow
of refrigerant during a heating operation and the flow
of refrigerant during an oil-return operation in the
multi-type air conditioner according to the first em-
bodiment of the present invention.
[FIG. 3] FIG. 3 is a schematic view showing the flow
of refrigerant during a cooling operation and the flow
of refrigerant during the oil-return operation in the
multi-type air conditioner according to the first em-
bodiment of the present invention.
[FIG. 4] FIG. 4 is a schematic view showing the flow
of refrigerant during the heating operation and the
flow of refrigerant during the oil-return operation in
the multi-type air conditioner according to the first
embodiment of the present invention.
[FIG. 5] FIG. 5 is a schematic view showing the flow
of refrigerant during the cooling operation and the
flow of refrigerant during the oil-return operation in
the multi-type air conditioner according to the first
embodiment of the present invention.
[FIG. 6] FIG. 6 is a diagram showing a refrigeration
cycle of a multi-type air conditioner according to a
second embodiment of the present invention.
[FIG. 7] FIG. 7 is a schematic view showing the flow
of refrigerant during the heating operation and the
flow of refrigerant during the oil-return operation in
the multi-type air conditioner according to the second
embodiment of the present invention.
[FIG. 8] FIG. 8 is a schematic view showing the flow
of refrigerant during the cooling operation and the
flow of refrigerant during the oil-return operation in
the multi-type air conditioner according to the second
embodiment of the present invention.
[FIG. 9] FIG. 9 is a schematic view showing the flow
of refrigerant during the heating operation and the
flow of refrigerant during the oil-return operation in
the multi-type air conditioner according to the second
embodiment of the present invention.
[FIG. 10] FIG. 10 is a schematic view showing the
flow of refrigerant during the cooling operation and
the flow of refrigerant during the oil-return operation
in the multi-type air conditioner according to the sec-
ond embodiment of the present invention.

Explanation of Reference:

[0024]

1: multi-type air conditioner
3: outdoor unit
9: indoor unit
45: oil-return control unit
47: input means
51: multi-type air conditioner
53: outdoor unit
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55: indoor unit
103: oil-return control unit
105: input means

Best Mode for Carrying Out the Invention

First Embodiment

[0025] A first embodiment of the present invention will
be described below with reference to FIGS. 1 to 5.
[0026] FIG. 1 shows a refrigerant cycle diagram of a
multi-type air conditioner 1 according to this embodiment.
[0027] The multi-type air conditioner 1 includes one
outdoor unit 3, a gas pipe 5 and a liquid pipe 7 leading
out of the outdoor unit 3, and a plurality of indoor units 9
connected in parallel between the gas pipe 5 and the
liquid pipe 7 through branching devices.
[0028] The outdoor unit 3 includes an inverter-driven
compressor 13 that compresses refrigerant; an oil sep-
arator 15 that separates lubricating oil from refrigerant
gas; a four-way control valve 17 that switches the circu-
lation direction of the refrigerant; an outdoor heat ex-
changer 19 that performs heat exchange between the
refrigerant and the outside air; a supercooling coil 21 that
is formed integrally with the outdoor heat exchanger 19;
an outdoor electric expansion valve for heating (EEVH)
23; a receiver 25 that holds the liquid refrigerant; a su-
percooling heat exchanger 27 that supercools the liquid
refrigerant; a supercooling electric expansion valve
(EEVSC) 29 that controls the amount of refrigerant di-
verted into the supercooling heat exchanger 27; a small-
capacity accumulator 31 that separates liquid from the
refrigerant gas taken into the compressor 13 and holds
the liquid refrigerant; a gas-side operation valve 33; and
a liquid-side operation valve 35.
[0029] As is known, these components are connected
by refrigerant pipes including a discharge pipe 37A, a
gas pipe 37B, a liquid pipe 37C, a gas pipe 37D, an intake
pipe 37E, and a branch pipe 37F for supercooling, form-
ing an outdoor-side refrigerant circuit.
The rotational speed of the compressor 13, i.e., the load
and the amount of discharged refrigerant gas, is adjusted
by the output frequency of the inverter. The larger the
frequency, the larger the load.
[0030] The gas pipe 5 and the liquid pipe 7 are refrig-
erant pipes that are connected to the gas-side operation
valve 33 and the liquid-side operation valve 35 of the
outdoor unit 3.
The lengths of the gas pipe 5 and the liquid pipe 7 are
appropriately determined at the time of installation on
site, in accordance with the distances between the out-
door unit 3 and the indoor units 9 connected thereto.
An appropriate number of branching devices 11 are pro-
vided at intermediate locations in the gas pipe 5 and the
liquid pipe 7, and an appropriate number of indoor units
9 are connected through these branching devices 11.
[0031] The indoor units 9 each include an indoor heat
exchanger 39 that performs heat exchange between the

refrigerant and the indoor air to condition the indoor air,
and an indoor electric expansion valve for cooling
(EEVC) 41.
The indoor electric expansion valve (EEVC) 41 is con-
nected to the liquid pipe 7, and the indoor heat exchanger
39 is connected to the gas pipe 5.
[0032] The multi-type air conditioner 1 includes a con-
trol unit 43 that controls the operation thereof. The control
unit 43 includes an oil-return control section 45 that con-
trols the oil-return operation of the multi-type air condi-
tioner 1, and an input section 47 that adjusts the details
of the control performed by the oil-return control section
45.
The oil-return control section 45 includes timing-determi-
nation means that determines the timing at which the oil-
return operation is performed on the basis of, for exam-
ple, the inputted operating conditions of the multi-type air
conditioner 1. This, for example, estimates the amounts
of lubricating oil discharged from the compressor 13 on
the basis of the operating conditions, integrates them,
and, when the integrated amount has reached a prede-
termined amount of oil, determines that an oil-return op-
eration needs to be performed.
[0033] The oil-return control section 45 acquires nec-
essary information from various sensors, switches ports
of the four-way control valve 17 using a computer pro-
gram including a processing procedure of a control meth-
od on the basis of the information, and controls the load
on the compressor 13, the degrees of opening of the
indoor electric expansion valve for cooling (EEVC) 41
and outdoor electric expansion valve for heating (EEVH)
23, etc.
The input section 47 is, for example, a switch employing
a seven-segment display. This switch includes a portion
in which information indicating the positional relationship,
in the vertical direction, between the outdoor unit 3 and
the indoor units 9 is set and a portion in which the dis-
tance, in the vertical direction, between the outdoor unit
3 and the indoor unit 9 that is farthest from the outdoor
unit 3 in the height direction is set. The positional rela-
tionship in the vertical direction is set by, for example,
selecting an indication meaning "higher" if the outdoor
unit 3 is located above the indoor units 9, and selecting
an indication meaning "lower" if the outdoor unit 3 is lo-
cated below the indoor units 9. The distance in the vertical
direction is set by, for example, selecting a group that
matches the installation state from groups divided by an
appropriate size, e.g., 1 m or 5 m.
Note that they may be input through a remote controller.
[0034] In the above-described multi-type air condition-
er 1, a cooling operation is performed as follows.
High-temperature, high-pressure refrigerant gas com-
pressed by the compressor 13 is discharged into the dis-
charge pipe 37A. This refrigerant gas is circulated toward
the gas pipe 37B by the four-way control valve 17, after
lubricating oil contained in the refrigerant is separated by
the oil separator 15.
The refrigerant gas passing through the gas pipe 37B
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undergoes heat exchange with the outside air blown by
an outdoor fan in the outdoor heat exchanger 19 and is
condensed and liquefied, becoming liquid refrigerant.
After being cooled by the supercooling coil 21, this liquid
refrigerant passes through the outdoor electric expan-
sion valve 23 and is temporarily held in the receiver 25,
so that the circulated amount is adjusted.
[0035] In a process of passing through the supercool-
ing heat exchanger 27 through the liquid pipe 37C, part
of the liquid refrigerant from the receiver 25 is diverted
into the branch pipe 37F for supercooling and undergoes
heat exchange with the refrigerant having been adiabat-
ically expanded by the supercooling electric expansion
valve (EEVSC) 29, so that it is cooled to a predetermined
supercooling temperature.
The liquid refrigerant having been cooled to a predeter-
mined supercooling temperature passes through the liq-
uid-side operation valve 35 and is led out of the outdoor
unit 3 into the liquid pipe 7. The liquid refrigerant led out
into the liquid pipe 7 flows via the branching devices 11
into the indoor electric expansion valve (EEVC) 41 of
each indoor unit 9.
[0036] This liquid refrigerant is adiabatically expanded
by the indoor electric expansion valve (EEVC) 41 and,
in the form of a gas-liquid two phase flow, flows into the
indoor heat exchanger 39.
In the indoor heat exchanger 39, the indoor air circulated
by an indoor fan undergoes heat exchange with the re-
frigerant, and the indoor air is cooled to be used to cool
the room.
On the other hand, the refrigerant converted into gas is
led out into the gas pipe 5 and is merged with the refrig-
erant gas from other indoor units 9.
[0037] The refrigerant gas merged at the gas pipe 5
returns again to the outdoor unit 3, passes through the
gas-side operation valve 33, the gas pipe 37D, and the
four-way control valve 17, and reaches the intake pipe
37E. The refrigerant gas is merged with the refrigerant
gas from the branch pipe 37F and is introduced into the
accumulator 31.
Liquid contained in the refrigerant gas is separated in the
accumulator 31, and only gas is taken into the compres-
sor 13. This refrigerant is compressed again in the com-
pressor 13.
The cooling operation is performed by repeating the
above-described cycle.
[0038] During the cooling operation, if the timing-de-
termination means of the oil-return control section 45 de-
termines that an oil-return operation is necessary, the oil-
return control section 45 starts the oil-return operation.
The oil-return control section 45 increases the output fre-
quency of the inverter of the compressor 13 to increase
the supply amount of the refrigerant without changing the
circulation route thereof. Thus, the lubricating oil remain-
ing in the gas pipe 5 is recovered to the outdoor unit 3
side. Thus, during the cooling operation and the oil-return
operation, the directions of flow of the gas refrigerant in
the gas pipe 5 are the same.

Note that the oil-return control section 45 may increase
the degree of opening of the indoor electric expansion
valve for cooling (EEVC) 41 compared to that during the
cooling operation, so that the liquid refrigerant is mixed
with the refrigerant circulating in the multi-type air condi-
tioner 1 and the lubricating oil is recovered with the liquid
refrigerant.
[0039] On the other hand, a heating operation is per-
formed as follows.
High-temperature, high-pressure refrigerant gas com-
pressed by the compressor 13 is discharged into the dis-
charge pipe 37A. This refrigerant gas is circulated toward
the gas pipe 37D by the four-way control valve 17, after
lubricating oil contained in the refrigerant is separated by
the oil separator 15.
This refrigerant is led out of the outdoor unit 3 via the
gas-side operation valve 33 and the gas pipe 5 and is
introduced into the indoor units 9 via the branching de-
vices 11.
The high-temperature, high-pressure refrigerant gas in-
troduced into the indoor units 9 undergoes heat ex-
change with the indoor air circulated by the indoor fans
in the indoor heat exchangers 39, and the indoor air is
heated to be used to heat the room.
[0040] On the other hand, the liquid refrigerant con-
densed and liquefied by being cooled by the indoor air
reaches the branching devices 11 via the indoor electric
expansion valves (EEVC) 41 and, after being merged
with the refrigerant from other indoor units 9, returns to
the outdoor unit 3 through the liquid pipe 7.
Note that, during heating, in the indoor units 9, the degree
of opening of the indoor electric expansion valves
(EEVC) 41 is controlled so that the degree of supercool-
ing of the refrigerant at the outlets of the indoor heat ex-
changers 39, serving as condensers, is a constant value.
[0041]  The liquid refrigerant returned to the outdoor
unit 3 passes through the liquid-side operation valve 35
and the liquid pipe 37C, and reaches the supercooling
heat exchanger 27, where it is supercooled, similarly to
the case of cooling. Thereafter, the liquid refrigerant flows
into the receiver 25 and is temporarily held, so that the
circulated amount is adjusted.
This liquid refrigerant flows through the liquid pipe 37C
to the outdoor electric expansion valve (EEVH) 23, where
it is adiabatically expanded, and then flows into the out-
door heat exchanger 19 via the supercooling coil 21.
In the outdoor heat exchanger 19, the outside air blown
by the outdoor fan undergoes heat exchange with the
refrigerant. The refrigerant absorbs heat from the outside
air and is vaporized.
[0042] This gas refrigerant flows from the outdoor heat
exchanger 19, through the gas pipe 37B, the four-way
control valve 17, and the intake pipe 37E, and is merged
with the refrigerant gas from the branch pipe 37F for su-
percooling. Then, it is introduced into the accumulator 31.
Liquid contained in the refrigerant gas is separated in the
accumulator 31, and only gas is taken into the compres-
sor 13. This refrigerant is compressed again in the com-
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pressor 13.
The heating operation is performed by repeating the
above-described cycle.
[0043] During the heating operation, if the timing-de-
termination means of the oil-return control section 45 de-
termines that an oil-return operation is necessary, the oil-
return control section 45 starts the oil-return operation.
The oil-return control section 45 switches the four-way
control valve 17 to provide the same refrigerant circula-
tion route as the cooling operation and makes the degree
of opening of the indoor electric expansion valves for
cooling (EEVC) 41 the same as that during the cooling
operation. Then, the output frequency of the inverter of
the compressor 13 is increased so that the supply amount
of the refrigerant is increased. Thus, the lubricating oil
remaining in the gas pipe 5 is recovered to the outdoor
unit 3 side. As has been described, during the heating
operation and the oil-return operation, the directions of
flow of the gas refrigerant in the gas pipe 5 are opposite.
Note that the oil-return control section 45 may increase
the degree of opening of the indoor electric expansion
valves for cooling (EEVC) 41 compared to that during
the cooling operation to mix the liquid refrigerant with the
refrigerant circulating in the multi-type air conditioner 1,
so that the lubricating oil is recovered with the liquid re-
frigerant.
[0044] Next, an oil-return operation according to this
embodiment will be described.
When this multi-type air conditioner 1 is installed in, for
example, a building, the outdoor unit 3 may be installed
on the roof or in the basement. For example, if the outdoor
unit 3 is installed on the roof, the positional relationship
between the outdoor unit 3 and the indoor units 9 in the
vertical direction is such that the outdoor unit 3 is located
at a higher position. In contrast, if the outdoor unit 3 is
installed in the basement, the positional relationship be-
tween the outdoor unit 3 and the indoor units 9 in the
vertical direction is such that the outdoor unit 3 is located
at a lower position.
[0045] FIGS. 2 and 3 show the flows of refrigerant (ar-
rows with solid lines in FIGS. 2 and 3) during the heating
operation (FIG. 2) and during the cooling operation (FIG.
3) in the case where the outdoor unit 3 is located at a
higher position, and also show the flows of refrigerant
(arrows with two-dot chain lines in FIGS. 2 and 3) during
the respective oil-return operations.
FIGS. 4 and 5 show the flows of refrigerant (arrows with
the solid line in FIGS. 4 and 5) during the heating oper-
ation (FIG. 4) and during the cooling operation (FIG. 5)
in the case where the outdoor unit 3 is located at a lower
position, and also show the flows of refrigerant (arrows
with two-dot chain lines in FIGS. 4 and 5) during the re-
spective oil-return operations.
[0046] During the heating operation in the case where
the outdoor unit 3 is located at a higher position, as shown
in FIG. 2, high-pressure gas refrigerant KG1 from the
outdoor unit 3 passes downward through the gas pipe 5
and is sent to the indoor units 9. This high-pressure gas

refrigerant KG1 is converted into high-pressure liquid re-
frigerant KL1 in the indoor units 9, passes upward through
the liquid pipe 7, and is sent to the outdoor unit 3.
During the cooling operation in the case where the out-
door unit 3 is located at a lower position, as shown in
FIG. 5, low-pressure gas refrigerant TG1 from the indoor
units 9 passes downward through the gas pipe 5 and is
sent to the outdoor unit 3. This low-pressure gas refrig-
erant TG1 is converted into high-pressure liquid refriger-
ant KL1 in the outdoor unit 3, passes upward through the
liquid pipe 7, and is sent to the indoor units 9.
[0047] As has been described, during the heating op-
eration in the case where the outdoor unit 3 is located at
a higher position and during the cooling operation in the
case where the outdoor unit 3 is located at a lower posi-
tion, because the gas refrigerant moves through the gas
pipe 5 from above to below, and also because downward
gravity acts on the lubricating oil, the lubricating oil does
not remain in the gas pipe 5 but moves to the indoor units
9 or the outdoor unit 3.
Accordingly, because the lubricating oil does not remain
in the gas pipe 5, the oil-return operation is unnecessary.
In this embodiment, whether the outdoor unit 3 is located
at a higher position or at a lower position is inputted
through input means 47. Based on this input, the oil-re-
turn control section 45 does not perform the oil-return
operation during the heating operation in the case where
the outdoor unit 3 is located at a higher position and dur-
ing the cooling operation in the case where the outdoor
unit 3 is located at a lower position.
[0048] As has been described, based on the inputted
positional relationship between the outdoor unit 3 and
the indoor units 9 in the vertical direction, the oil-return
operation by means of the oil-return control is not per-
formed during, for example, either cooling or heating.
Therefore, undesirable deterioration of the air-condition-
ing feeling, the occurrence of noise, and the loss of motive
power can be reduced.
[0049] On the other hand, as shown in FIG. 3, during
the cooling operation in the case where the outdoor unit
3 is located at a higher position, the low-pressure gas
refrigerant TG1 is sent from the indoor units 9 through
the gas pipe 5 upward to the outdoor unit 3. Thus, the
lubricating oil remains in the gas pipe 5 during the cooling
operation.
Moreover, as shown in FIG. 4, during the heating oper-
ation in the case where the outdoor unit 3 is located at a
lower position, the high-pressure gas refrigerant KG1 is
sent from the outdoor unit 3 through the gas pipe 5 up-
ward to the indoor units 9. Thus, the lubricating oil re-
mains in the gas pipe 5 during the cooling operation.
Accordingly, in these cases, the oil-return operation
needs to be performed.
[0050] In this oil-return operation, the moving speed of
the refrigerant needs to be equal to or higher than a pre-
determined speed, for example, 8 m/s, to move the lu-
bricating oil.
If the amount of refrigerant discharged from the compres-
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sor 13 is constant, the moving speed of the refrigerant
varies depending on the distance between the outdoor
unit 3 and the indoor units 9 in the vertical direction, i.e.,
the head magnitude. Therefore, head with which a pre-
determined speed can be maintained, or guaranteed, is
set. This head is, for example, 50 m.
[0051] When the multi-type air conditioner 1 is in-
stalled, the head, which is the distance between the out-
door unit 3 and the indoor units 9 in the vertical direction,
is equal to or less than 50 m. At this time, if the load on
the compressor 13 is set the same as that in the case
where the head is 50 m, the moving speed of the refrig-
erant exceeds 8 m/s. In other words, if the moving speed
of the refrigerant is maintained at 8 m/s, the load on the
compressor can be reduced.
In this embodiment, the head between the outdoor unit
3 and the indoor unit 9 that is farthest therefrom in the
vertical direction is inputted through the input means 47.
[0052] Based on this input, the oil-return control sec-
tion 45 reduces the load on the compressor 13 when
performing the oil-return operation, in accordance with
the proportion of the actual distance between the outdoor
unit 3 and the indoor units 9 in the vertical direction, i.e.,
the head H, to the assumed distance between the outdoor
unit 3 and the indoor units 9 in the vertical direction (50 m).
Thus, because the load on the compressor 13 during the
oil-return operation can be reduced, the motive power
required during the oil-return operation can be reduced.
[0053] Moreover, when the load on the compressor 13
during the oil-return operation is set low, a situation
where, for example, the load on the compressor 13 need-
ed to satisfy the cooling capacity required during the cool-
ing operation, shown in FIGS. 3 and 5, exceeds the load
on the compressor 13 during the oil-return operation oc-
curs. At this time, because the direction of flow of the
refrigerant is the same as that during the oil-return oper-
ation, the lubricating oil can be recovered, similarly to the
case of the oil-return operation.
[0054] Accordingly, because the oil-return operation is
performed simultaneously with the cooling operation, if
the time required for the next oil-return operation is re-
duced by the corresponding time or if that state lasts for
a long time, the next oil-return operation can be omitted
altogether (canceled).
As has been described, because, for example, the load
on the compressor 13 is reduced or the frequency of the
oil-return operation is reduced in accordance with the
inputted head, undesirable deterioration of the air-con-
ditioning feeling, the occurrence of noise, and the loss of
motive power can be reduced.
[0055] In this case, it is preferable that the position of
the outdoor unit 3 in the vertical direction and the head
be inputted at the installation site of the multi-type air
conditioner 1, so that the input is assuredly performed.

Second Embodiment

[0056] Next, a second embodiment of the present in-

vention will be described with reference to FIGS. 6 to 10.
FIG. 6 shows a refrigerant cycle diagram of a cooling/
heating free multi-type air conditioner 51 according to
this embodiment.
The multi-type air conditioner 51 includes one outdoor
unit 53, a plurality of indoor units 55, a high-pressure gas
pipe 57, a low-pressure gas pipe 59, and a liquid pipe 61
that connect them to each other.
[0057]  The outdoor unit 53 includes an inverter-driven
compressor 63 that compresses refrigerant; an oil sep-
arator 65 that separates lubricating oil from refrigerant
gas; an outdoor-side four-way valve 67 that switches the
circulation direction of the refrigerant; an outdoor heat
exchanger 69 that performs heat exchange between the
refrigerant and the outside air; an outdoor electric expan-
sion valve for heating (EEVH) 71; a receiver 73 that holds
the liquid refrigerant; a supercooling heat exchanger 75
that supercools the liquid refrigerant; a supercooling elec-
tric expansion valve (EEVSC) 77 that controls the amount
of refrigerant diverted into the supercooling heat ex-
changer 75; an accumulator 79 that separates liquid from
the refrigerant gas taken into the compressor 63 and
holds the liquid refrigerant; a low-pressure gas-side op-
eration valve 81; a high-pressure gas-side operation
valve 83; and a liquid-side operation valve 85.
[0058] A plurality, for example, two compressors 63
are provided. Preferably, scroll compressors are used
for these compressors 63. Depending on the required
air-conditioning capacity, these two compressors 63 may
be simultaneously operated, or only one of them may be
operated while the other one serves as a backup.
The refrigerant compressed in the compressors 63 is dis-
charged, in the form of high-pressure gas refrigerant, into
the high-pressure gas pipe 57.
[0059] A plurality, for example, two outdoor-side four-
way valves 67 are provided. Each of the outdoor-side
four-way valves 67 is connected at one port to the high-
pressure gas pipe 57 located in the outdoor unit 53, at
another port to the outdoor heat exchanger 69, at another
port to the low-pressure gas pipe 59 through the low-
pressure gas branching pipe 87, and at another port to
the low-pressure gas branching pipe 87 through a strain-
er and a capillary tube.
[0060] As for the outdoor heat exchangers 69 and the
outdoor electric expansion valves for heating (EEVH) 71,
a plurality of each, for example, two are provided.
The low-pressure gas pipe 59 located in the outdoor unit
53 is connected to each of the compressors 63 via the
accumulator 79.
[0061] A plurality of indoor units 55 are provided, and
they have the same structure.
The indoor units 55 each have an indoor heat exchanger
89 that performs heat exchange with the indoor air. An
expansion valve 93 is provided on a liquid-refrigerant
branching pipe 91 connecting the indoor heat exchanger
89 and the liquid pipe 9.
Each of the indoor units 55 has a diversion controller 95
that switches between the high-pressure gas pipe 57 and
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the low-pressure gas pipe 59.
[0062] The diversion controller 95 has an indoor-side
four-way valve 97 that switches between the connection
of the high-pressure gas pipe 57 and the indoor heat
exchanger 89 and the connection of the low-pressure
gas pipe 59 and the indoor heat exchanger 89, and a
high/low-pressure bypass pipe 99 that connects the high-
pressure gas pipe 57 and the low-pressure gas pipe 59.
FIG. 6 shows three indoor units 55. These are, in order
from above, examples of pipe connection in the heating
operation, pipe connection in the cooling operation, and
pipe connection in the oil-return operation.
[0063] Similarly to the first embodiment, this multi-type
air conditioner 51 includes a control unit 101 that controls
the operation thereof. The control unit 101 includes an
oil-return control unit 103 that has substantially the same
structure as that of the first embodiment and controls the
oil-return operation of the multi-type air conditioner 51,
and has an input unit 105 that adjusts the details of the
control performed by the oil-return control unit 103.
[0064] The cooling/heating operations of this multi-
type air conditioner 51 are performed as follows.
High-temperature, high-pressure refrigerant gas com-
pressed by the compressors 63 is discharged into the
high-pressure gas pipe 57 and is sent toward the indoor
units 55.
Part of the high-temperature, high-pressure refrigerant
gas discharged into the high-pressure gas pipe 57 is
branched off, passes through the outdoor-side four-way
valves 67, and is condensed and liquefied by undergoing
heat exchange with the outside air in the outdoor heat
exchanger 69, becoming liquid refrigerant.
This liquid refrigerant passes through the outdoor electric
expansion valve 71 and is temporarily held in the receiver
73, where the circulated amount is adjusted.
[0065] The liquid refrigerant from the receiver 73, in a
process of passing through the supercooling heat ex-
changer 75, undergoes heat exchange with the refriger-
ant having been adiabatically expanded by the super-
cooling electric expansion valve (EEVSC) 77, so that it
is cooled to a predetermined supercooling temperature.
The liquid refrigerant cooled to a predetermined super-
cooling temperature is led out from the outdoor unit 53,
via the liquid-side operation valve 85, into the liquid pipe
61.
[0066] In the indoor units 55 that perform the heating
operation, the indoor-side four-way valve 97 is operated
to connect the high-pressure gas pipe 57 and the indoor
heat exchanger 89, so that the high-temperature, high-
pressure gas refrigerant is introduced from the high-pres-
sure gas pipe 57 into the indoor heat exchanger 89.
The high-temperature, high-pressure refrigerant gas in-
troduced therein undergoes heat exchange with the in-
door air in the indoor heat exchanger 89. Thus, the indoor
air is heated to be used to heat the room.
On the other hand, the liquid refrigerant condensed and
liquefied by being cooled by the indoor air flows in the
liquid pipe 61 via the indoor electric expansion valves

(EEVC) 93.
[0067] On the other hand, in the indoor units 55 that
perform the cooling operation, the indoor-side four-way
valve 97 is operated to connect the low-pressure gas
pipe 59 and the indoor heat exchanger 89.
The liquid refrigerant flowing from the liquid pipe 61 is
adiabatically expanded by the indoor electric expansion
valve (EEVC) 93 and flows, in the form of a gas-liquid
two phase flow, in the indoor heat exchanger 89.
The indoor heat exchanger 89 performs heat exchange
between the indoor air and the refrigerant, and the indoor
air is cooled to be used to cool the room.
On the other hand, the refrigerant converted to gas is led
out into the low-pressure gas pipe 59 and is returned to
the outdoor unit 53.
[0068] Next, the oil-return operation will be described.
The high/low-pressure bypass pipe 99 is opened to allow
the high-pressure gas pipe 57 and the low-pressure gas
pipe 59 to communicate with each other. The high-pres-
sure gas flowing in the diversion controller 95 passes
through the high/low-pressure bypass pipe 99 from the
high-pressure gas pipe 57 to the low-pressure gas pipe
59. This gas refrigerant allows the lubricating oil to be
recovered by the outdoor unit 53.
[0069] When this multi-type air conditioner 51 is in-
stalled in, for example, a building, depending on the in-
stallation site of the outdoor unit 3, the positional rela-
tionship between the outdoor unit 53 and the indoor units
55 in the vertical direction is such that the outdoor unit
53 may be located at a higher position or may be located
at a lower position.
[0070] FIGS. 7 and 8 show the flows of refrigerant (ar-
rows with solid lines in FIGS. 7 and 8) during the heating
operation (FIG. 7) and during the cooling operation (FIG.
8) when the outdoor unit 53 is located at a higher position,
and also show the flows of refrigerant (arrows with two-
dot chain lines in FIGS. 7 and 8) during the respective
oil-return operations.
FIGS. 9 and 10 show the flows of refrigerant (arrows with
the solid line in FIGS. 9 and 10) during the heating op-
eration (FIG. 9) and during the cooling operation (FIG.
10) when the outdoor unit 53 is located at a lower position,
and also show the flows of refrigerant (arrows with two-
dot chain lines in FIGS. 9 and 10) during the respective
oil-return operations.
[0071] During the heating operation in the case where
the outdoor unit 53 is located at a higher position, as
shown in FIG. 7, high-pressure gas refrigerant KG1 from
the outdoor unit 53 passes downward through the high-
pressure gas pipe 57 and is sent to the indoor units 55.
This high-pressure gas refrigerant KG1 is converted into
high-pressure liquid refrigerant KL1 in the indoor units
55, passes upward through the liquid pipe 61, and is sent
to the outdoor unit 53.
During the cooling operation in the case where the out-
door unit 53 is located at a lower position, as shown in
FIG. 10, low-pressure gas refrigerant TG1 from the in-
door units 55 passes downward through the low-pressure
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gas pipe 59 and is sent to the outdoor unit 53. This low-
pressure gas refrigerant TG1 is converted into high-pres-
sure liquid refrigerant KL1 in the outdoor unit 53, passes
upward through the liquid pipe 61, and is sent to the in-
door units 55.
[0072]  As has been described, during the heating op-
eration in the case where the outdoor unit 53 is located
at a higher position and during the cooling operation in
the case where the outdoor unit 53 is located at a lower
position, because the gas refrigerant moves through the
high-pressure gas pipe 57 or the low-pressure gas pipe
59 from above to below, and also because downward
gravity acts on the lubricating oil, the lubricating oil does
not remain in the high-pressure gas pipe 57 or the low-
pressure gas pipe 59 but moves to the indoor units 55 or
the outdoor unit 53.
Accordingly, because the lubricating oil does not remain
in the high-pressure gas pipe 57 or the low-pressure gas
pipe 59, the oil-return operation is unnecessary.
In this embodiment, whether the outdoor unit 53 is located
at a higher position or at a lower position is inputted
through input means 105. Based on this input, the oil-
return control unit 103 does not perform the oil-return
operation during the heating operation in the case where
the outdoor unit 53 is located at a higher position and
during the cooling operation in the case where the out-
door unit 53 is located at a lower position.
[0073] As has been described, based on the inputted
positional relationship between the outdoor unit 53 and
the indoor units 55 in the vertical direction, the oil-return
operation by means of the oil-return control is not per-
formed during, for example, either cooling or heating.
Therefore, undesirable deterioration of the air-condition-
ing feeling, the occurrence of noise, and the loss of motive
power can be reduced.
[0074] On the other hand, as shown in FIG. 8, during
the cooling operation in the case where the outdoor unit
53 is located at a higher position, the low-pressure gas
refrigerant TG1 is sent from the indoor units 55 through
the low-pressure gas pipe 59 upward to the outdoor unit
53. Thus, the lubricating oil remains in the low-pressure
gas pipe 59 during the cooling operation.
Moreover, as shown in FIG. 9, during the heating oper-
ation in the case where the outdoor unit 53 is located at
a lower position, the high-pressure gas refrigerant KG1
is sent from the outdoor unit 53 through the high-pressure
gas pipe 57 upward to the indoor units 55. Thus, the
lubricating oil remains in the high-pressure gas pipe 57
during the cooling operation.
Accordingly, in these cases, the oil-return operation
needs to be performed.
[0075] In this oil-return operation, the moving speed of
the refrigerant needs to be equal to or higher than a pre-
determined speed, for example, 8 m/s in the low-pressure
gas pipe 59, and 6.5 m/s in the high-pressure gas pipe
57, to move the lubricating oil.
If the amount of refrigerant discharged from the compres-
sor 63 is constant, the moving speed of the refrigerant

varies depending on the distance between the outdoor
unit 53 and the indoor units 55 in the vertical direction,
i.e., the head magnitude. Therefore, head with which a
predetermined speed can be maintained, or guaranteed,
is set. This head is, for example, 50 m in the low-pressure
pipe 59 in the case where the outdoor unit 53 is located
at a higher position, and 40 m in the high-pressure pipe
57 in the case where the outdoor unit 53 is located at a
lower position.
[0076] When the multi-type air conditioner 51 is in-
stalled, the head, which is the distance between the out-
door unit 53 and the indoor units 55 in the vertical direc-
tion, is equal to or less than 50 m or 40 m. At this time,
if the load on the compressors 63 is set the same as that
in the case where the head is maximum, the moving
speed of the refrigerant exceeds 8 m/s in the low-pres-
sure gas pipe 59, and exceeds 6.5 m/s in the high-pres-
sure gas pipe 57. In other words, if the moving speed of
the refrigerant is maintained at a predetermined value,
the load on the compressors 63 can be reduced.
In this embodiment, the head between the outdoor unit
53 and the indoor unit 55 that is farthest therefrom in the
vertical direction is inputted through the input means 105.
[0077] Based on this input, the oil-return control unit
103 reduces the load on the compressors 63 when per-
forming the oil-return operation, in accordance with the
proportion of the actual distance between the outdoor
unit 53 and the indoor units 55 in the vertical direction,
i.e., the head H, to the assumed maximum head between
the outdoor unit 53 and the indoor units 55.
Thus, because the load on the compressors 63 during
the oil-return operation can be reduced, the motive power
required during the oil-return operation can be reduced.
[0078] Moreover, when the load on the compressors
63 during the oil-return operation is set low, a situation
where, for example, the load on the compressors 63
needed to satisfy the cooling capacity required during
the cooling operation, shown in FIGS. 8 and 10, exceeds
the load on the compressors 63 during the oil-return op-
eration occurs. At this time, because the direction of flow
of the refrigerant is the same as that during the oil-return
operation, the lubricating oil can be recovered similarly
to the case of the oil-return operation.
[0079] Accordingly, because the oil-return operation is
performed simultaneously with the cooling operation, if
the time required for the next oil-return operation is re-
duced by the corresponding time or if that state lasts for
a long time, the next oil-return operation can be omitted
altogether (canceled).
As has been described, because, for example, the load
on the compressors 63 is reduced or the frequency of
the oil-return operation is reduced in accordance with the
inputted head, undesirable deterioration of the air-con-
ditioning feeling, the occurrence of noise, and the loss of
motive power can be reduced.
[0080] In this case, it is preferable that the position of
the outdoor unit in the vertical direction and the head be
inputted at the installation site of the multi-type air con-
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ditioner 51, so that the input is assuredly performed.
[0081] Note that the present invention is not limited to
the invention according to the above-described embod-
iments, but may be appropriately modified so long as it
does not depart from the spirit thereof.
Furthermore, specific numerals, such as time and tem-
perature, shown as examples in the above-described
embodiments are merely examples, and the present in-
vention is of course not limited thereto.

Claims

1. An oil-return operation method for a multi-type air
conditioner having at least one outdoor unit and a
plurality of indoor units connected thereto in parallel
with one another,
wherein the positional relationship, in the vertical di-
rection, between the outdoor unit and the indoor units
is inputted, and
wherein oil-return control the details of which are in
accordance with the inputted positional relationship
in the vertical direction is performed.

2. An oil-return operation method for a multi-type air
conditioner having at least one outdoor unit and a
plurality of indoor units connected thereto in parallel
with one another,
wherein the distance, in the vertical direction, be-
tween the outdoor unit and the indoor unit that is
farthest from the outdoor unit in the height direction
is inputted, and
wherein oil-return control the details of which are in
accordance with the inputted distance in the vertical
direction is performed.

3. An oil-return operation method for a multi-type air
conditioner having at least one outdoor unit and a
plurality of indoor units connected thereto in parallel
with one another,
wherein the positional relationship, in the vertical di-
rection, between the outdoor unit and the indoor units
and the distance, in the vertical direction, between
the outdoor unit and the indoor unit that is farthest
from the outdoor unit in the height direction is input-
ted, and
wherein oil-return control the details of which are in
accordance with the inputted positional relationship
in the vertical direction and the distance in the height
direction is performed.

4. The oil-return operation method for a multi-type air
conditioner according to any one of claims 1 to 3,
wherein the positional relationship, in the vertical di-
rection, between the outdoor unit and the indoor units
and/or the distance, in the vertical direction, between
the outdoor unit and the indoor unit that is farthest
from the outdoor unit in the height direction is input-

ted at an installation site.

5. A multi-type air conditioner that performs an oil-re-
turn operation using the oil-return operation method
for a multi-type air conditioner according to any one
of claims 1 to 4.
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