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(57) A refrigerating apparatus (1) and a control
method thereof which can rapidly detect the fact that no
high pressure refrigerant is introduced into an oil equal-
izing tube (11) due to failure of an opening/closing value
(13), etc., thereby being capable of preventing the flow
of oil mist, and thus, preventing damage to compressors
(3, 4). The refrigerating apparatus includes a plurality of
compressors (3, 4) connected in parallel in a refrigerant
circuit (2), an oil equalizing tube (11) adapted to connect

Refrigerating apparatus and control method thereof

shells of the compressors, a bypass tube (12) adapted
to connect the oil equalizing tube to a discharge refrig-
erant line (8) of the compressors, and an opening/clos-
ing valve (13) arranged at an intermediate portion of the
bypass tube. The bypass tube, which is positioned be-
tween the opening/closing valve and the oil equalizing
tube, is provided with a temperature sensor (14) adapt-
ed to detect a temperature of the bypass tube itself or
an internal temperature of the bypass tube.
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Description

[0001] The presentinvention relates to a refrigerating
apparatus in which oil equalization is carried out among
a plurality of low pressure shell type compressors, and
a method for controlling the refrigerating apparatus.
[0002] As an example of one type of air conditioner,
there is a so-called "multi-type air conditioner in which
a plurality of compressors are provided in one outdoor
unit, in order to cope with a plurality of indoor units.
[0003] For the multiple compressors provided in the
outdoor unit of such an air conditioner, variable capacity
compressors may be used. In some cases, such com-
pressors may have different capacities of compressor
shells thereof.

[0004] In such cases, where compressors communi-
cate via an oil equalization tube, oil may flow from the
shell of the high pressure side compressor to the low
pressure side compressor. In this case, the oil flows con-
tinuously, even when the level thereof in the shell of the
high pressure side compressor is lowered below the po-
sition of oil equalizing tube connectors. This is because
the oil is present in a mist state as it is stirred by rotating
elements in the shell of the high pressure side compres-
sor. As aresult, shortage of oil in the high pressure side
compressor may Occur.

[0005] In order to prevent such a flow of oil mist, a
proposal has been made, in which the shells of multiple
compressors are communicated via an oil equalizing
tube, and the oil equalizing tube is connected to a dis-
charge side refrigerant line of the compressors via a by-
pass tube, as disclosed in Japanese Laid-open Publi-
cation No. Heisei 04-222354 (claims 3 to 5 and FIG. 1).
[0006] An oil equalizing system, which is provided in
a refrigerating apparatus disclosed in the above publi-
cation, will be described in brief. In a refrigerant circuit,
a plurality of compressors are connected to a discharge
side refrigerant line and a suction side refrigerant line
such that the compressors are connected in parallel.
Respective compressors include shells, adjacent ones
of which are communicated via an oil equalizing tube.
The discharge side refrigerant line of the compressors
is connected to the oil equalizing tubes via a bypass
tube, which is provided with an opening/closing valve at
an intermediate portion thereof.

[0007] In accordance with this oil equalizing system,
the opening/closing valve is open during normal cooling/
heating operation so that high pressure refrigerant gas
is introduced into the oil equalizing tubes via the bypass
tube. Accordingly, it is possible to prevent oil mist from
flowing between adjacent compressor shells through
the associated oil equalizing tube, and thus, to prevent
shortage of oil in the high pressure compressor.

[0008] Where thereis an oil amount difference among
the compressor shells due to a prolonged compressor
operation, a so-called "oil equalizing operation" is car-
ried out. That is, the compressors are sequentially op-
erated one by one with the opening/closing valve
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closed, thereby causing surplus oil in each of the com-
pressors to be sequentially fed. Thus, the amount of oil
in each of the compressor shells is returned to a proper
value.

[0009] However, when the opening/closing valve is
maintained in a closed state due to a failure thereof, etc.
during a normal cooling/heating operation in the above-
mentioned conventional refrigerating apparatus, it is im-
possible to introduce high pressure refrigerant gas into
the oil equalizing tubes. Where the compressor opera-
tion is continued under the condition in which no high
pressure refrigerant gas is introduced into the oil equal-
izing tubes, as mentioned above, oil mist present in the
high pressure side compressor may flow into the other
compressor via the associated oil equalizing tube. As a
result, failure may occur in the high pressure side com-
pressor due to shortage of oil. That is, the failure of the
inexpensive opening/closing valve may cause failure of
the expensive compressors, in spite of the fact that a
normal operation is inexpensively and simply achieved
in this case by simply replacing the failed opening/clos-
ing valve with a new one. In this case, it may be neces-
sary to replace the compressors with new ones, so that
considerable costs and labor may be required.

[0010] The present invention addresses the above-
mentioned problems, and an aim of embodiments of the
invention is to provide a refrigerating apparatus and a
control method thereof which can rapidly detect the fact
that no high pressure refrigerant is introduced into an oil
equalizing tube due to failure of an opening/closing val-
ue, etc., thereby being capable of preventing flow of oil
mist, and thus, preventing damage to compressors.
[0011] In accordance with one aspect, the present in-
vention provides a refrigerating apparatus comprising a
plurality of compressors connected in parallel in a refrig-
erant circuit, an oil equalizing tube adapted to connect
shells of the compressors, a bypass tube adapted to
connect the oil equalizing tube to a discharge refrigerant
line of the compressors, and an opening/closing valve
arranged at an intermediate portion of the bypass tube,
wherein the bypass tube, which is positioned between
the opening/closing valve and the oil equalizing tube, is
provided with a temperature sensor adapted to detect a
temperature of the bypass tube itself or an internal tem-
perature of the bypass tube.

[0012] Inaccordance with another aspect, the present
invention provides a method for controlling a refrigerat-
ing apparatus including a plurality of compressors con-
nected in parallel in a refrigerant circuit, an oil equalizing
tube adapted to connect shells of the compressors, a
bypass tube adapted to connect the oil equalizing tube
to a discharge refrigerant line of the compressors, and
an opening/closing valve arranged at an intermediate
portion of the bypass tube, the method comprising: driv-
ing the compressors, thereby circulating a refrigerant
through the refrigerant circuit while introducing the re-
frigerant, which is discharged from the compressors in
a high pressure state, into the bypass tube via the re-
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frigerant line; and detecting an internal temperature of
the bypass tube, which is positioned between the open-
ing/closing valve and the oil equalizing tube, or a tem-
perature of the bypass tube itself, and stopping the com-
pressors when the detected temperature is lower than
a value obtained by deducting a predetermined value
from a temperature of the refrigerant discharged from
the compressors.

[0013] Inthe refrigerating apparatus according to em-
bodiments of the present invention, the temperature
sensor is positioned at the bypass tube arranged be-
tween the opening/closing valve and the oil equalizing
tube to detect the temperature of the bypass tube itself
and the internal temperature of the bypass tube. Accord-
ingly, when high pressure refrigerant gas, which is dis-
charged from the second compressor, and is then intro-
duced into the bypass tube via the refrigerant line, is
introduced into the oil equalizing tube after passing
through the opening/closing valve, the temperature de-
tected by the temperature sensor corresponds to high
temperature. On the other hand, when the high pressure
refrigerant gas introduced into the bypass tube does not
pass through the opening/closing valve, the tempera-
ture detected by the temperature sensor corresponds to
room temperature (low temperature). Thus, itis possible
to check whether or not the high temperature refrigerant
gas is introduced into the oil equalizing tube after pass-
ing through the opening/closing valve. Based on the re-
sult of the checking, it is possible to reliably prevent flow
of oil mist, and thus, to prevent the compressors from
being damaged due to shortage of oil.

[0014] Also, in accordance with embodiments of the
method for controlling the refrigerating apparatus, the
compressors are driven to circulate refrigerant through
the refrigerant circuit. Also, high pressure refrigerant
gas discharged from the compressors is introduced into
the bypass tube via the refrigerant line. Under this con-
dition, the internal temperature of the bypass tube ar-
ranged between the opening/closing valve and the oil
equalizing tube or the temperature of the bypass tube
itself is detected. When the internal temperature of the
bypass tube is lower than the value obtained by deduct-
ing the predetermined value from the temperature of the
high pressure refrigerant gas discharged from the com-
pressors, the compressors are stopped. That is, when
no high pressure refrigerant gas passes through the
opening/closing valve due to failure of the opening/clos-
ing valve, etc., the compressors are stopped. Accord-
ingly, it is possible to prevent flow of oil mist, and thus,
to prevent the first and second compressors from being
damaged.

[0015] Additional aspects and/or advantages of the
invention will be set forth in part in the description which
follows and, in part, will be obvious from the description,
or may be learned by practice of the invention.

[0016] For a better understanding of the invention,
and to show how embodiments of the same may be car-
ried into effect, reference will now be made, by way of

10

15

20

25

30

35

40

45

50

55

example, to the accompanying diagrammatic drawings
in which:

FIG. 1 is a circuit diagram illustrating an embodi-
ment of a refrigerating apparatus according to the
present invention; and

FIG. 2 is a flow chart illustrating an embodiment of
a control method for the refrigerating apparatus ac-
cording to the present invention.

[0017] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements
throughout. The embodiments are described below to
explain the present invention by referring to the figures.
[0018] FIG. 1 illustrates a refrigerant circuit 2 in a re-
frigerating apparatus 1 according to embodiments of the
present invention. In the illustrated case, the refrigerat-
ing apparatus 1 is an air conditioner. In the refrigerant
circuit 2, first and second compressors 3 and 4, which
are of a low pressure shell type, a first heat exchanger
5, an expansion valve 6, and a second heat exchanger
7 are sequentially arranged, as shown in FIG. 1. The
two compressors 3 and 4 are connected to a discharge
line 8 and a suction line 9 such that the compressors
are connected in parallel. Each of the discharge and
suction lines 8 and 9 is connected, at one end thereof,
to the refrigerant circuit 2 through a four-directional
valve 10. Each of the discharge and suction lines 8 and
9 is also branched, at the other end thereof, into two
lines, which is in turn connected to the first and second
compressors 3 and 4, respectively.

[0019] An oil equalizing tube 11 is arranged between
the first and second compressors 3 and 4 to connect the
shells of the first and second compressors 3 and 4.
Thus, the shells of the first and second compressors 3
and 4 are communicated through the oil equalizing tube
11. The oil equalizing tube 11 is connected to respective
lower portions of the side walls of the first and second
compressors 3 and 4. Oil present in the shells of the first
and second compressors 3 and 4 flows between the
shells of the first and second compressors 3 and 4 after
passing through the oil equalizing tube 11, so as to
equalize the amounts of oil present in respective shells
of the first and second compressors 3 and 4.

[0020] A bypass tube 12 is arranged between a por-
tion of the discharge line 8, which is connected to the
second compressor 4, and the oil equalizing tube 11, to
connect the discharge line 8 and the oil equalizing tube
11. Thus, the discharge line 8 and oil equalizing tube 11
are communicated through the bypass tube 12. The by-
pass tube 12 is made of a tube having a diameter small-
er than those of the discharge line 8 and oil equalizing
tube 11. An opening/closing valve 13, which may be an
electromagnetic valve or a motor-driven valve, is ar-
ranged at an intermediate portion of the bypass tube 12.
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In accordance with an opening/closing operation there-
of, the opening/closing valve 13 controls refrigerant gas,
which flows through the bypass tube 12. When the
opening/closing valve 13 is in a closed state, it prevents
the refrigerant gas from passing therethrough. In an
open state of the opening/closing valve 13, the refriger-
ant gas can pass through the opening/closing valve 13.
[0021] A first temperature sensor 14 is also provided
at the intermediate portion of the bypass tube 12 to de-
tect the internal temperature of the bypass tube 12. The
first temperature sensor 14 may comprise a thermocou-
ple, thermistor, infrared radiation thermometer, or resist-
ance temperature detector. The first temperature sensor
14 is positioned at the bypass tube 12 arranged between
the opening/closing valve 13 and the oil equalizing tube
11. When no refrigerant gas flows through the bypass
tube 12 arranged between the opening/closing valve 13
and the oil equalizing tube 11, the temperature detected
by the first temperature sensor 14 corresponds to room
temperature. On the other hand, when refrigerant gas
flows through the bypass tube 12, the temperature de-
tected by the first temperature sensor 14 corresponds
to a high temperature. Here, the room temperature is
approximately equal to ambient temperature, and is typ-
ically about 0 to 35°C. Also, the high temperature is ap-
proximately equal to the temperature of the refrigerant
gas, and is typically 60 to 130°C.

[0022] A second temperature sensor 15 is positioned
at the discharge line 8, which is connected to the first
and second compressors 3 and 4 to join flows of refrig-
erant discharged from the first and second compressors
3 and 4. The second temperature sensor 15 detects the
internal temperature of the discharge line 8. The second
temperature sensor 15 is made of the same element as
that of the first temperature sensor 14. The refrigerating
apparatus 1 is also provided with a control unit 16 adapt-
ed to control driving of the first and second compressors
3 and 4. The control unit 16 is electrically connected to
an operating panel 17 adapted to operate the refriger-
ating apparatus 1. The operating panel 17 is provided
with a touch panel (not shown). In accordance with an
operation of the touch panel, the refrigerating apparatus
1 can perform cooling/heating, oil equalizing, and stop-
ping operations.

[0023] The first and second temperature sensors 14
and 15 and the first and second compressors 3 and 4
are electrically connected to the control unit 16. Infor-
mation of respective temperatures detected by the first
and second temperature sensors 14 and 15 is sent to
the control unit 16, which in turn controls the first and
second compressors 3 and 4, based on the information.
Specifically, where the internal temperature T of the by-
pass tube detected by the first temperature sensor 14
is lower than a value obtained by deducting a predeter-
mined value A from the refrigerant temperature To de-
tected by the second temperature sensor 15, a stop sig-
nal is sent from the control unit 16 to the first and second
compressors 3 and 4, thereby causing the first and sec-
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ond compressors 3 and 4 to be stopped. Simultaneous-
ly, an error signal is sent from the control unit 16 to the
operating panel 17, so that the error is displayed. Mean-
while, the value A is determined, taking into considera-
tion a decrease in temperature or generation of errors
caused by loss of heat occurring during a procedure in
which high pressure refrigerant gas flows, for example,
10°C. In this case, the value A may be 0 to 20°C.
[0024] Now, methods of using and controlling the
above-described refrigerating apparatus 1 will be de-
scribed.

[0025] First, the following description will be given in
conjunction with a cooling/heating operation. Refriger-
ant is circulated through the refrigerant circuit 2 by driv-
ing the first and second compressors 3 and 4. At this
time, the opening/closing valve 13 is maintained in an
open state. Accordingly, high pressure refrigerant gas,
which is discharged from the second compressor 4 into
the discharge line 8, flows into the bypass tube 12. The
high pressure refrigerant gas is then introduced into the
oil equalizing tube 11 after passing through the bypass
tube 12 via the opening/closing valve 13 in a direction
indicated by a solid line in FIG. 1. The high pressure
refrigerant gas introduced into the oil equalizing tube 11
then enters the first and second compressors 3 and 4
in the direction indicated by the solid arrow in FIG. 1.
Accordingly, the interior of the oil equalizing tube 11 is
maintained in a high pressure state. As aresult, itis pos-
sible to prevent oil mist, which is generated in the shells
of the first and second compressors 3 and 4 maintained
in a low pressure state, from being introduced into the
oil equalizing tube 11.

[0026] Also, itis checked during a cooling/heating op-
eration whether or not the opening/closing valve 13 is
in an appropriately opened state. Based on the result of
the checking, the refrigerating apparatus 1 is controlled.
This will be described in more detail with reference to
FIG. 2. First, the internal temperature T of the bypass
tube 12 arranged between the opening/closing valve 13
and the oil equalizing tube 11 is detected by the first tem-
perature sensor 14. Also, the internal temperature of the
discharge line 8 is measured by the second temperature
sensor 15. Thus, the temperature To of the high pres-
sure refrigerant gas discharged from the first and sec-
ond compressors 3 and 4 is detected. Information of the
detected temperatures T and To is sent to the control
unit 16, which in turn determines whether or not the in-
ternal temperature T of the bypass tube 12 is lower than
a value obtained by deducting the predetermined value
A from the temperature To of the high pressure refriger-
ant gas. When it is determined that the temperature T
is lower than the value obtained by deducting the pre-
determined value A from the temperature To, the control
unit 16 stops the first and second compressors 3 and 4.
On the other hand, when the temperature T is lower than
the value obtained by deducting the predetermined val-
ue A from the temperature To, the first and second com-
pressors 3 and 4 are continuously operated to perform
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the cooling/heating operation.

[0027] Now, the oil equalizing operation will be de-
scribed. First, the opening/closing valve 13 is closed,
and the second compressor 4 is stopped. Under this
condition, the first compressor 3 is driven. As the first
compressor 3 is driven, the interior of the shell of the
first compressor 3 is rendered to be in a low pressure
state. Accordingly, surplus oil present in the shell of the
first compressor 3 flows into the shell of the second com-
pressor 4 through the oil equalizing tube 11. Subse-
quently, the opening/closing valve 13 is closed, and the
first compressor 3 is then stopped. Under this condition,
the second compressor 4 is driven. As the second com-
pressor 4 is driven, the interior of the shell of the second
compressor 4 is rendered to be in a low pressure state.
Accordingly, surplus oil presentin the shell of the second
compressor 4 flows into the shell of the first compressor
3 through the oil equalizing tube 11. Thus, the amounts
of oil in respective shells of the first and second com-
pressors 3 and 4 can be equalized in accordance with
the alternate driving of the first and second compressors
3 and 4 as described above.

[0028] Inthe above-described refrigerating apparatus
1, the first temperature sensor 14 is positioned at the
bypass tube 12 arranged between the opening/closing
valve 13 and the oil equalizing tube 11 to detect the in-
ternal temperature of the bypass tube 12. Accordingly,
when high pressure refrigerant gas, which is discharged
from the second compressor 4, and is then introduced
into the bypass tube 12 via the discharge line 8, is intro-
duced into the oil equalizing tube 11 after passing
through the opening/closing valve 13, the temperature
T detected by the first temperature sensor 14 corre-
sponds to the high temperature. On the other hand,
when the high pressure refrigerant gas introduced into
the bypass tube 12 does not pass through the opening/
closing valve 13, the temperature T detected by the first
temperature sensor 14 corresponds to room tempera-
ture (low temperature). Thus, it is possible to check
whether or not the high temperature refrigerant gas is
introduced into the oil equalizing tube 11 after passing
through the opening/closing valve 13. Based on the re-
sult of the checking, it is possible to reliably prevent flow
of oil mist, and thus, to prevent the first and second com-
pressors 3 and 4 from being damaged due to shortage
of oil.

[0029] Also, the second temperature sensor 15 is po-
sitioned at the discharge line 8, so that it is possible to
compare the temperature To of the high pressure refrig-
erant gas discharged from the first and second com-
pressors 3 and 4 with the temperature T detected by the
first temperature sensor 14. Accordingly, it is possible
to detect a state in which a proper amount of high pres-
sure refrigerant gas cannot pass through the opening/
closing valve 13 due to inadequate opening of the open-
ing/closing valve 13.

[0030] In accordance with the method for controlling
the refrigerating apparatus 1, the first and second com-
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pressors 3 and 4 are driven to circulate refrigerant
through the refrigerant circuit 2. Also, high pressure re-
frigerant gas discharged from the second compressor 4
is introduced into the bypass tube 12 via the discharge
line 8. Under this condition, the internal temperature T
of the bypass tube 12 arranged between the opening/
closing valve 13 and the oil equalizing tube 11 is detect-
ed. When the internal temperature T of the bypass tube
12 is lower than the value obtained by deducting the pre-
determined value A from the temperature To of the high
pressure refrigerant gas discharged from the first and
second compressors 3 and 4, the first and second com-
pressors 3 and 4 are stopped. That is, when no high
pressure refrigerant gas passes through the opening/
closing valve 13 due to failure of the opening/closing
valve 13, etc., the first and second compressors 3 and
4 are stopped. Accordingly, it is possible to prevent flow
of oil mist, and thus, to prevent the first and second com-
pressors 3 and 4 from being damaged.

[0031] Although the refrigerating apparatus and con-
trol method thereof according to embodiments of the
present invention have been shown and described with
reference to a few embodiments thereof, they are not
limited to these embodiments. It would be appreciated
by those skilled in the art that changes may be made in
the embodiments without departing from the principles
and spirit of the invention. For example, although the
internal temperature of the bypass tube 12 is detected
by the first temperature sensor 14 in the illustrated em-
bodiment, itis also possible to check whether or not high
temperature refrigerant gas flows through the bypass
tube 12, by detecting the temperature of the bypass tube
12 itself, and estimating the internal temperature of the
bypass tube 12, based on the detected temperature, in
accordance with the present invention.

[0032] Also, although itis checked whether or not high
temperature refrigerant gas flows through the bypass
tube 12, by comparing the internal temperature T of the
bypass tube 12 with the temperature To of the refrigerant
gas discharged from the first and second compressors
3 and 4 in the above described embodiment, it is also
possible to check the flow of high temperature refriger-
ant gas by comparing the internal temperature T of the
bypass tube 12 with a predetermined value in accord-
ance with embodiments of the present invention. In this
case, the predetermined value is a maximum tempera-
ture typically expected when no high temperature refrig-
erant gas flows. For example, this value may be set to
50°C. In this case, the compressors are stopped when
the internal temperature T of the bypass tube 12 is less
than 50°C during a normal cooling/heating operation.
[0033] Although two compressors, that is, the com-
pressors 3 and 4, are provided in the refrigerating ap-
paratus 1 in the illustrated embodiment, the present in-
vention may also be implemented in the case in which
at least three compressors are provided. Also, although
the present invention has been described in conjunction
with the embodiment in which the refrigerating appara-
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tus 1 is an air conditioner, it is also applicable to a re-
frigerator, a freezer, or other refrigerating devices.
[0034] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this specifica-
tion, and the contents of all such papers and documents
are incorporated herein by reference.

[0035] All of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or proc-
ess so disclosed, may be combined in any combination,
except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.

[0036] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving
the same, equivalent or similar purpose, unless ex-
pressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only
of a generic series of equivalent or similar features.
[0037] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any meth-
od or process so disclosed.

Claims

1. A-refrigerating apparatus (1) comprising a plurality
of compressors (3, 4) connected in parallel in a re-
frigerant circuit (2), an oil equalizing tube (11) adapt-
ed to connect shells of the compressors, a bypass
tube adapted to connect the oil equalizing tube to a
discharge refrigerant line (8) of the compressors,
and an opening/closing valve (13) arranged at an
intermediate portion of the bypass tube,

wherein the bypass tube, which is positioned
between the opening/closing valve and the oil
equalizing tube, is provided with a temperature sen-
sor (14) adapted to detect a temperature of the by-
pass tube itself or an internal temperature of the by-
pass tube.

2. A method for controlling a refrigerating apparatus
(1) including a plurality of compressors (3, 4) con-
nected in parallel in a refrigerant circuit (2), an oil
equalizing tube (11) adapted to connect shells of the
compressors, a bypass tube (12) adapted to con-
nect the oil equalizing tube to a discharge refriger-
ant line (8) of the compressors, and an opening/
closing valve (15) arranged at an intermediate por-
tion of the bypass tube, the method comprising:

driving the compressors, thereby circulating a
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refrigerant through the refrigerant circuit while
introducing the refrigerant, which is discharged
from the compressors in a high pressure state,
into the bypass tube via the refrigerant line; and
detecting an internal temperature of the bypass
tube, which is positioned between the opening/
closing valve and the oil equalizing tube, or a
temperature of the bypass tube itself, and stop-
ping the compressors when the detected tem-
perature is lower than a value obtained by de-
ducting a predetermined value from a temper-
ature of the refrigerant discharged from the
COMPpressors.
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