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(54) OIL EQUALIZING DEVICE, COMPRESSOR UNIT AND OIL EQUALIZING METHOD

(57) The present invention disclosures an oil balance
device and a method for performing an oil balance oper-
ation between a plurality of compressor units, which are
suitable for a conditioner units comprising two or more
than two paralleled connected compressor units. Each
compressor unit comprises one or more than one paral-
leled connected compressors. The oil balance device
comprises an oil reservoir, a first pipe, a second pipe, a
third pipe and a fourth pipe. The four pipes communicate
with the oil reservoir respectively. Each pipe is provided
with at least one valve to control the opening and the
closing of the corresponding pipe. The first valve and the
fourth valve are closed and the second valve and the
third valve are opened if the compressor unit is in normal
working condition; the first valve and the fourth valve are
opened and the second valve and the third valve are
closed if the compressor unit supplies oil; the second
valve and the fourth valve are opened and the first valve
and the third valve are closed, or the third valve and the
fourth valve are opened and the first valve and the second
valve are closed, if the compressor unit receives oil.
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Description

Field of the Invention

[0001] The invention relates to an oil balance device and a compressor unit, which are used in multi-air conditioners,
water-cooled or air-cooled duct type air conditioners, a scroll-type water-cooled or air-cooled chiller or heat pump, water-
cooled package unit and other types of refrigeration units, and a method for performing an oil balance operation between
the compressor units.

Background of the Invention

[0002] Generally, variable volume refrigeration units, in which a plurality of outdoors units are connected in parallel,
comprises a plurality of oil balance devices connected in parallel to the compressor units.
[0003] CN Pat.No.1707201A disclosures a method for performing an oil balance operation by utilizing the exhaust
pressure to provide the power. The lubricating oil runs subsequently in different compressors belonging to different units
but the flowing of the lubricating oil has to depend on the start and stop operations of other compressors to provide a
pressure difference. The disadvantage, one hand, influences the normal cooling and heating operation of the refrigeration
units and increases the start and stop times of the compressors to short their service life, on the other hand, the cycling
of the lubricating oil is driven by the power provided by the other running compressors and the cycling will be in trouble
once one of the other compressors goes wrong, especially when the installation height gaps exist between the units.
[0004] Furthermore, in other devices , a set of complex pipe system is required to be installed to connect the indoor
units and the outdoor units and even the inclination angle of the pipes are strictly restricted. The restriction leads to a
high demand for the installation and the manufacture.

Summary of the Invention

[0005] An object of the present invention is to provide an oil balance device and a compressor unit using the oil balance
device and a method for performing the oil balance operation between the compressor units to realize a reliable oil
supply to each compressor unit and the compressor in thereof.
[0006] To realize the invention, the present invention provides an oil balance device comprising an oil reservoir, a first
pipe, a second pipe, a third pipe and a fourth pipe. The four pipes communicate with the oil reservoir respectively. Each
pipe is provided with at least one valve to control the opening and the closing of the corresponding pipe.
[0007] The present invention also provides a compressor unit comprising at least a compressor and at least an oil
balance device. The oil balance device comprises:

an oil reservoir;
a first pipe, wherein one end of the first pipe communicates with the oil reservoir and the other end communicates
with the exhaust pipe of the compressor;
a first valve for controlling the on/off of the first pipe;
a second pipe, wherein one end of the second pipe communicates with the oil reservoir and the other end commu-
nicates with the gas balance opening of the compressor;
a second valve for controlling the on/off of the second pipe;
a third pipe, wherein one end of the third pipe communicates with the oil reservoir and the other end communicates
with the oil balance opening of the compressor;
a third valve for controlling the on/off of the third pipe;
a fourth pipe, wherein one end of the fourth pipe communicates with the oil reservoir and the other end communicates
with another oil reservoir belonging to a neighboring compressor unit;
a fourth valve for controlling the on/off of the fourth pipe.

[0008] Preferably, the end communicating with the bottom of the oil reservoir of the fourth pipe inserts into the interior
of the oil reservoir for a certain height to make sure enough oil would be remained in the compressor unit for the using
of itself when the unit supplies oil to other units.
[0009] Preferably, the second valve comprises a valve plate and a magnet below the valve plate and an aperture
formed on the valve plate. The size of the aperture makes no influence to the closing of the second valve and pressure
difference between the two sides of the valve plates is unloaded when the second valve is switched from the off status
to the on status.
[0010] The present invention provides a method for performing an oil balance operation between a plurality of com-
pressor units. The method comprise the following steps:
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providing an oil reservoir for each compressor unit;
providing a first pipe, a second pipe, a third pipe and a fourth pipe for each compressor unit;
connecting the first pipe to the oil reservoir of one compressor unit and to the exhaust pipe of the compressor;
connecting the second pipe to the oil reservoir of the compressor unit and to the gas balance opening of the
compressor;
connecting the third pipe to the oil reservoir of the compressor unit and to the oil balance opening of the compressor;
connecting the fourth pipe to the oil reservoir of the compressor unit and to another oil reservoir belonging to an
neighboring compressor unit;
controlling the on/off status of first pipe, the second pipe, the third pipe and the fourth pipe by the first valve, the
second vale , the third valve and the fourth valve respectively;
closing the first valve and the fourth valve and opening the second valve and the third valve for the compressor
units in normal working condition;
opening the first valve and the fourth valve and closing the second valve and the third valve for the compressor
units supplying oil;
opening the second valve and the fourth valve and closing the first valve and the third valve ,or opening the third
valve and the fourth valve and closing the first valve and the second valve, for the compressor units receiving oil.

[0011] According to the present invention, it could be realized that the redundant oil is discharged to a neighboring
unit and simultaneously the enough oil is remained for the use of the unit. Therefore, the oil balance could be achieved
without the using of special oil level detecting instruments just the oil cycling between the different oil reservoirs is carried
out regularly. In addition, the oil cycling between the different units is driven by the exhaust pressure of the compressors
so that a certain extent of the installation height gap is permitted between the different units.

Brief Description of the Drawings

[0012] The present invention will be described further with details, basing on the combination of the preferred embod-
iment of the invention and the accompanying drawings, wherein:

FIG. 1 is a circuit diagram illustrating the configuration of multi-air conditioner units according to a first embodiment
of the present invention;
FIG. 2 is a simplified schematic view illustrating the first embodiment of Fig.1;
Fig.3 is a schematic view illustrating an oil balance operation between different units;
Fig.4 is a schematic view illustrating the oil balance operation between different units;
Fig.5 is a schematic view illustrating the oil balance operation between different units including only one compressor
respectively;
Fig.6 is a schematic view illustrating an oil reservoir is installed in a simplified way;
Fig.7 is a schematic view illustrating the configuration of air -cooled scroll chiller (heat pump) units according to a
second embodiment of the present invention;
Fig.8 is a schematic view illustrating the configuration of scroll water-cooled package units according to a third
embodiment of the present invention;
Fig.9 is a schematic view illustrating the configuration of duct type air conditioning units according to a fourth
embodiment of the present invention;
Fin.10 is a schematic view illustrating the system arrangement of a check valve according to the present invention;
Fig.11 is a schematic view illustrating the structure of the check valve of Fig.10;
Fig.12 is a cross section view illustrating the check valve of Fig. 10 along the line A-A.

Detailed Description of the Preferred Embodiment

[0013] A conditioner units system according to the present invention comprises a plurality of paralleled connected
compressor units. Each compressor unit comprises one or more than one paralleled connected compressors. The oil
balance between the different compressor units is realized by oil balance devices and corresponding oil balance oper-
ations.
[0014] The one or more than one compressor units could be disposed in one or more than one refrigerating conditioner
apparatuses, for an example, multi-air conditioners, water-cooled or air-cooled duct type air conditioner, scroll-type
water-cooled or air-cooled chiller or heat pump, water-cooled package unit and so on. Of course, the application of the
present invention should not be limited in the conditioner units describe above.
[0015] The present invention takes a multi-air conditioners system for the example. Each outdoor unit includes a
compressor unit and the outdoor units are connected by some gas pipes, liquid pipes and oil balance pipes. Furthermore,
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the outdoor units are connected to a plurality of indoor units by some gas pipes and liquid pipes to construct a refrigerating
conditioning system.
[0016] In the system each compressor unit comprises one or more than one paralleled connected compressors. The
suction pipes and the exhaust pipes of the compressors are connected in parallel by some paralleled connected pipes.
The paralleled connected compressors are interconnected by an oil balance pipe and a gas balance pipe.
[0017] Each compressor unit comprises an oil reservoir and the oil reservoir constitutes an oil balance device with
corresponding pipes and control valves. The oil balance device is connected to the compressors in parallel to realize
not only the oil balance between the compressors and the oil reservoir, but also the balance between the oil reservoirs
belonging to different compressor units.
[0018] The oil balance device according to the prevent invention comprises one oil reservoir and the oil reservoir is
connected to the exhaust pipe of the compressors through a first connecting pipe and a first control valve. The objective
of the connection is that the exhaust pressure of the compressors could be used as a power to press the redundant oil
in the oil reservoir into other units.
[0019] The oil reservoir is connected to the gas balance pipe disposed between the compressors through a second
connecting pipe and a second control valve. In addition, the oil reservoir is connected to the oil balance pipe through a
third connecting pipe and a third control valve. The objective of the connections is that one connected vessels would be
constructed between the oil cavity of the compressors and the oil reservoir. Therefore, the oil level in the compressors
and the oil level in the oil reservoir would keep balancing. In another word, the oil quantity in the oil reservoir reflects the
oil quantity in the compressors. In a normal working condition, the oil would automatically flow into the oil reservoir when
the oil in the compressors is too much and the oil would automatically supplement to the compressors from the oil
reservoir when the oil in the compressors is too little.
[0020] The oil reservoir is connected to other oil reservoirs belonging to other units through a fourth connecting pipe
and a fourth control valve. The opening and closing of the oil balance pipe between the units could be realized by the
opening and closing of the fourth control valve to control the oil balance between the units.
[0021] The first connecting pipe and the second connecting pipe also could be combined firstly and then connected
to the oil reservoir.
[0022] The fourth connecting pipe has better insert into the oil reservoir for a suitable protruding height. The protruding
height depends on the size of the oil reservoir and the size of the compressors connecting to the oil reservoir. The
objective of setting the protruding height is that enough oil would be remained in the oil reservoir when the oil in the oil
reservoir is pressed into another unit. The oil would supplement to the compressors when the oil level in the compressors
is too low in such a way the reliability of the compressors’ running is improved.
[0023] The oil balance between the conditioner units is realized by the controlling of related valves.
[0024] Firstly, the oil balance between the compressors belonging to one compressor unit and the balance between
the compressors and the oil reservoir would be performed. Due to the principle of connected vessels, in the interior of
each unit the oil level of all the compressors and the oil level of the oil reservoir would keep balancing. The oil would
flow into the oil reservoir through the connecting pipe if the oil level in the compressors is too high and the oil in the oil
reservoir would automatically supplement to the compressors if the oil level in the compressors is too low. But the oil in
the compressors would not flow out through an oil balance aperture once the oil level in the compressors is lower than
the oil balance aperture. The height of the bottom of the oil reservoir is the same to that of an oil balance opening of the
compressors, or the former is slightly higher, to ensure the redundant oil could flow into the oil reservoir.
[0025] The oil balance between the compressor units is driven by the power provided by the exhaust pressure of the
unit supplying the oil. Because the oil reservoir of the unit receiving the oil communicates with the gas balance pipe of
the compressors, the redundant oil (the oil above the protruding height) would be pressed from the unit supplying the
oil into the oil reservoir of the unit receiving the oil when the pressure in the oil reservoir of the unit supplying the oil is
enhanced. Each compressor unit would perform the oil supplying and the oil receiving on by one in a certain order to
carry out the oil cycling in such a way the oil balance between the oil reservoirs belonging to the different units is realized.
In addition, the valve connecting the oil reservoir and the oil balance pipe of the compressors and the valve connecting
the oil reservoir and the gas balance pipe of the compressors could be opened to realize the oil balance between the
oil reservoir and the compressors.
[0026] The present invention will be described further with details as following.
[0027] With reference to Fig. 1, a multi-air conditioner units system comprises a plurality of same or different compressor
units connected in parallel. A compressor unit 1a and a compressor unit 1b are connected in parallel. A section of an
oil balance pipe 20 between two junction valves 8a, 8b connects the compressor units 1a, 1b. A liquid connecting pipe
30 and a gas connecting pipe 40 connect the compressor units 1a, 1b in parallel and also connect two indoor units 15,
16 in parallel. The number of the paralleled connected indoor units depends on the air conditioning load.
[0028] The indoor unit 15 includes an indoor heat exchanger 15a and an expansion valve 15b. The indoor unit 16
includes an indoor heat exchanger 16a and an expansion valve 16b. Each indoor unit is connected to the liquid pipes
and the gas pipes disposed between the indoor units and the outdoor units.
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[0029] Because each compressor unit has a same structure, here the compressor unit 1a would be described as an
example. The code of each component of the compressor unit 1a corresponds with that of the compressor unit 1b, and
the suffix are a and b respectively.
[0030] As shown in Fig.1, the compressor unit 1a includes two compressors 2a, 3a (the number of the compressors
may be only one or more than three in the practical application). The exhaust pipes of the two compressors 2a, 3a are
connected in parallel at the point 26a and then the point 26a is connected to an oil separator 9a. The exhaust port of
the oil separator 9a is connected to a four-way valve 10a. The lubricating oil gets though a capillary tube 14a and back
to a suction pipe 21a and then enters into the compressors. The other three interfaces of the four-way valve 10a are
connected to a condenser 11a, a gas-liquid separator 13a and the gas connecting pipe 40 respectively. The condenser
11a is connected to a liquid reservoir 12a (the liquid reservoir 12a could be cancelled sometimes basing on the demand
of the design of the system) and subsequently is connected to an indoor unit through the liquid connecting pipe 30.
[0031] The inlet of the gas-liquid separator 13a is connected to the four-way valve 10a and the outlet is connected to
the suction pipe 21a. The refrigerant is divided in the suction pipe 21a and is sucked into the compressors 2a, 3a
respectively.
[0032] The top of an oil reservoir 4a is connected to the exhaust pipe 26a through a 1#valve 5a so that the high
pressure gas in the compressor could be introduced into the oil reservoir 4a to provide a power for the cycling of the
lubricating oil in different units. A gas balance pipe 27a is disposed between the paralleled connected compressors 2a,
3a and the top of the oil reservoir 4a is connected to the gas balance pipe 27a through a 2# valve 6a so that the balance
of gas pressure between the oil reservoir 4a and the compressors 2a,3a could be maintained.
[0033] An oil balance pipe 22a is disposed between the compressors 2a, 3a.The oil reservoir 4a is connected to the
oil balance pipe 22a through another oil balance pipe 23a and a 3#valve 7a.The connections between the gas balance
pipe 24a, the oil balance pipe 23a and the compressors 2a, 3a could realize not only the oil balance between the
paralleled connected compressors 2a, 3a, but also the oil balance between the compressors 2a, 3a and the oil reservoir
4a. Furthermore, basing on the principle of connected vessels, the oil level in the oil reservoir 4a and the oil level in the
compressors 2a, 3a could make equalization. When the oil level in the compressors 2a, 3a is too high, the oil will flow
into the oil reservoir 4a through the oil balance pipe 23a. When the oil level in the compressors 2a, 3a is too low, the oil
in the oil reservoir 4a will automatically supplement to the compressors 2a, 3a. But when the oil level in the compressors
2a,3a is lower than an oil balance aperture (safe oil level), the oil in the compressors will not flow out through the oil
balance aperture. In a word, the redundant oil in the compressors will flow into the oil reservoir 4a due to the principle
of connected vessels. Conversely, the oil in the oil reservoir 4a will automatically supplement to the compressors when
the oil level in the compressors is too low.
[0034] The oil balance pipe 20 is connected to other units through a 4# valve 8a to realize the lubricating oil supply
between the different units 1a, 1b.
[0035] A section of pipe disposed between the bottom of the oil reservoir 4a and the 4# valve 8a has better protrude
into the oil reservoir 4a for a suitable protruding height and the protruding height depends on the size of the oil reservoir
4a and the size of the compressors. The objective of setting the protruding height is to remain enough oil to prevent the
too low oil level in the compressors 2a, 3a of unit 1a when the oil in the oil reservoir 4a is pushed to another unit 1b. The
setting the protruding height could improve the operation reliability of the compressors.
[0036] For illustration, Fig.2 only shows the combination parts relating to the oil balance. The code of each component
of the compressor unit 1a corresponds with that of the compressor unit 1b, and the suffix are a and b respectively. The
oil balance operation will be described as following according to Fig.2.

(1) First method to realize the oil balance

[0037] When the oil balance is operated, all the valves in the units should be operated as shown in table 1:
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Table 1

Unit 1a Unit 1b

Compressor 1# valve 5a 2# valve 6a 3# valve 7a 4# valve 8a Compressor 1# valve 5b 2# valve 6b 3# valve 7b 4# valve 8b

Normal 
Working 
Condition

Normal 
Runnmg

closed open open closed

Normal 
Runnmg

closed open open closed

Operation 1: 
unit 1a 
supplies oil, 
unit 1b 
receives oil

open closed closed open closed open closed open

operation 2: 
unit 1b 
supplies oil, 
unit 1a 
receives oil

closed open closed open open closed closed open
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[0038] It must be noted that at least one of all the units involved in the oil balance operation between the compressor
units has a compressor on running and all the compressors on running are normally controlled by a regulator rule. The
regulator rule has no influence to the oil balance operation between the units, and vice versa.
[0039] In a normal operation, the 2#valve 6a and the 3#valve 7a are opened, while the 1#valve 5a and the 4#valve
8a are closed. The pressure balance between the oil reservoir 4a and the compressors 2a, 3a could be realized by the
connection of the gas balance pipe 24a and the gas balance pipe 27a of the compressors 2a, 3a. Due to the principle
of connected vessels, the connection of the oil balance pipe 23a and the oil balance pipe 22a of the compressors 2a,
3a could realize not only the balance between the two compressors 2a, 3a, but also the balance between the compressors
and the oil reservoir 4a. When the oil level in the compressors 2a, 3a is too high, the oil in the compressors will flow into
the oil reservoir 4a through the oil balance pipe 23a. When the oil level in the compressors 2a, 3a is too low, the oil in
the oil reservoir 4a will automatically supplement to the compressors. Furthermore, the oil in the compressors will not
flow into the oil reservoir 4a through the oil balance aperture once the oil level in the compressors 2a, 3a is lower than
the oil balance aperture (safe oil level).
[0040] As shown in Fig.3, during an operation 1, the unit 1a supplies oil to other unit 1b firstly. The 1#valve 5a of unit
1a is open to load the exhaust pressure onto the oil reservoir 4a. At the same time the 2#valve 6a and the 3#valve 7a
are closed not only to prevent gas flow short-circuit ,but also to prevent the oil flowing back into the compressors 2a,3a
through the 3#valve 7a. In such a way, the redundant oil (the oil above the protruding height) in the unit 1a will flow into
the unit 1b through the 4#valve 8a. Simultaneously, the 4#valve 8b of the unit 1b opens and the redundant oil from the
unit 1a could flow into an oil reservoir 4b of the unit 1b. A 2#valve 6b of the unit 1b will open to exhaust the gas in the
oil reservoir 4b to prevent the pressure rising in the oil reservoir 4b which cases the lubricating oil could not flow into the
oil reservoir 4b. A 1#valve 5b and the 3#valve 7b of unit 1b are all closed.
[0041] The oil reservoir according to the present invention is designed specially and the section of pipe disposed
between the bottom of the oil reservoir 4a and the 4#valve 8a inserts into the oil reservoir 4a for the protruding height.
During the operation 1, when the oil level in the oil reservoir 4a is higher than the protruding height, it could be considered
that the oil level in the unit 1a is higher than a design value. Due to the effect of the exhaust pressure, the redundant oil
will be transferred to the oil reservoir 4b of the other unit 1b. When the oil level in the oil reservoir 4a is lower than the
protruding height, it could be considered that the oil level in the unit 1a is lower than the design valve and no oil flows
into other units. Because the oil in the whole units is sufficient to satisfy the lubrication of the whole units, the oil reservoir
4b of the unit 1b would not be short of the oil even at the end of the operation 1. The unit 1a will be waiting for an operation
2 in which other units will supply oil to it.
[0042] Referring to Fig.4, during the operation 2, the 1#valve 5b of the unit 1b opens to load the exhaust pressure of
the compressors onto the oil reservoir 4b. Meanwhile, the 2#valve 6b and the 3#valve 7b are closed not only to prevent
gas flow short-circuit ,but also to prevent the oil flowing back into the compressors 2b,3b through the 3#valve 7b. In such
a way, the lubricating oil in the unit 1b will flow into the unit 1a through the open 4#valve 8b. Simultaneously, the 4#valve
8a of the unit 1a opens and the oil from the unit 1b could flow into the oil reservoir 4a of the unit 1a. The 2#valve 6a of
the unit 1a will open to exhaust the gas in the oil reservoir 4a to prevent the pressure rising in the oil reservoir 4a which
cases the lubricating oil could not flow into the oil reservoir 4a. The 1#valve 5a and the 3#valve 7a are all closed.
Therefore, the oil reservoir 4a of the unit 1a originally shorting of oil gets oil supplement. Meanwhile, the oil reservoir 4b
of the unit 1b remains enough lubricating oil for the use by itself and the redundant oil is discharged.
[0043] If the system includes more units 1c, 1d, the oil supply from the unit 1b to the units 1c will be processed once
the oil supply from the unit 1a to unit 1b is finished. Next the supply from the unit 1c to unit 1d will be processed once
the supply from the unit 1b to unit 1c is finished. Similarly, the similar oil supply operation will be processed one by one
until the oil reaches the last unit .Next the oil would flows back from the last unit to other units in a reverse order until
the oil reaches the first unit. For an example, in a system comprising four units, the sequence of the loop is a→b→c→d ,
and next is d→c→b→a in a reverse order. The above sequence is not unique and the main feature is that the lubricating
oil in the system will pass through each unit in the forward and reverse order to leave a certain volume of oil in each oil
reservoir of each unit to ensure the need of the oil balance in the system.
[0044] When the balance operation is done between the units, the units would be in normal operation condition. The
#2valve 6a, 6b and the 3#valve 7a, 7b are all opened. The 1#valve 5a, 5b and the 4#valve 8a, 8b are all closed. The
opened and closed valves make the oil balance between the oil reservoir and the compressors. The oil flows into the
oil reservoir from the compressors when the oil in the compressors is too much. And the oil reservoir offers oil supplement
when the oil in the compressors is too little.

(2) Second method to realize the oil balance

[0045] When the oil balance is operated, all the valves in the units should be operated as shown in table 2:
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Table 2

Unit 1a Unit 1b

Compressor 1# valve 5a 2# valve 6a 3# valve 7a 4# valve 8a Compressor 1# valve 5b 2# valve 6b 3# valve 7b 4# valve 8b

Normal 
Working 
Condition

Normal 
Runnmg

closed open open closed

Normal 
Runnmg

closed open open closed

Operation 1: 
unit 1a 
supplies oil,
unit 1b 
receives oil

open closed closed open closed closed open open

Operation 2: 
unit 1b 
supplies oil, 
unit 1a 
receivers oil

closed closed open open open closed closed open
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[0046] In a normal working condition, the 2#valve 6a and the 3#valve 7a are open and the 1#valve 5a and the 4#valve
8a are closed. The pressure balance between the oil reservoir and the compressors would be realized by the connection
of the gas balance pipe 24a and the gas balance pipe of the compressors. Basing on the principle of connected vessels,
the connection of the oil balance pipe 23a and the oil balance pipe 22a of the compressors could realize not only the
balance between the compressors 2a, 3a, but also the balance between the compressors and the oil reservoir 4a. The
oil in the compressors will flow into the oil reservoir 4a through the oil balance pipe 23a if the oil level in the compressors
2a, 3a is too high. The oil in the oil reservoir 4a will automatically supplement to the compressors if the oil level in the
compressors 2a, 3a is too low. Furthermore, the oil in the compressors would not flow into the oil reservoir though the
oil balance aperture if the oil level in the compressors 2a, 3a is lower than the oil balance aperture (safe oil level).
[0047] In an operation 1, the unit 1a supplies oil to other units firstly. The 1#valve 5a is open to load the exhaust
pressure of the compressors onto the oil reservoir 4a. Simultaneously, the 2#valve 6a and the 3#valve 7a are closed to
prevent not only the gas flow short-circuit ,but also the oil flowing back into the compressors 2a,3a through the 3#valve
7a. In such a way, the redundant oil (the oil above the protruding height) in the unit 1a will flow into the unit 1b through
the open 4# valve 8a. Meanwhile, the 4#valve 8b and the 3#valve 7b are open, and the 1#valve 5b and 2#valve 6b are
closed. The redundant oil from the unit 1a will pass through the oil reservoir 4b and flow into the compressors 2b, 3b
under the pushing of the pressure.
[0048] After a period of time of normal working condition of the unit 1a and unit 1b, the 2#valve 6a, 6b and the 3#valve
7a, 7b are opened and the 1#valve 5a, 5b and the 4#valve 8a, 8b are closed. The opened and closed valves make the
oil balance between the oil reservoir and the compressors.
[0049] The operation 2 is executed after a period time of normal working condition. The unit 1b supplies oil to unit 1a
and the 1#valve 5b is opened to load the exhaust pressure of the compressors onto the oil reservoir 4b. Simultaneously,
the 2#valve 6b and the 3#valve 7b are closed to prevent not only the gas flow short-circuit, but also the oil flowing back
into the compressors 2b,3b through the 3#valve 7b. In such a way, the redundant oil (the oil above the protruding height)
in the unit 1b will flow into the unit 1a through the open 4# valve 8b. Meanwhile, the 4#valve 8a and the 3#valve 7a are
opened and the 1#valve 5a and the 2#vave 6a are closed. The redundant oil from the unit 1b will pass through the oil
reservoir 4a and flow into the compressors 2a, 3a under the pushing of the pressure.
[0050] Because the oil in the whole units is sufficient to satisfy the lubrication of the whole units, the oil reservoir 4b
of the unit 1b would not be short of the oil even after the operation 1. The oil reservoir 4a and the compressors of the
unit 1a originally shorting of oil gets oil supplement after the operation 2. Meanwhile, the oil reservoir 4b of the unit 1b
remains enough lubricating oil for the use by itself and the redundant oil are discharged.
[0051] If the system includes more units 1c, 1d, the oil supply from the unit 1b to the units1c will be processed once
the oil supply from the unit 1a to unit 1b is finished. Next the supply from the unit 1c to unit 1d will be processed once
the supply from the unit 1b to unit 1c is finished. Similarly, the oil supply operation will be processed one by one until
the oil reaches the last unit .Next the oil would flow back from the last unit to other units in a reverse order until the oil
reaches the first unit. For an example, in a system comprising four units, the sequence of the loop is a→b→c→d, and
next is d→c→b→a in a reverse order. The above sequence is not unique and the main feature is that the lubricating oil
in the system will pass through each unit in the forward and reverse order to leave a certain volume of oil in each oil
reservoir of each unit to ensure the need of the oil balance in the system.
[0052] The unit receiving the oil would be in normal working condition for a period of time after the oil receiving is done
to balance the oil levels of the compressors and the oil reservoir. Then another following operation will be executed.
[0053] Referring to Fig.5, if each unit comprises only one compressor (the two compressors 2a, 3a of unit 1a are into
one compressor for an example), the gas balance pipe between the two compressors described above should be
cancelled. So the gas balance pipe 24a of the oil reservoir is connected to a gas balance opening of the compressor
and oil balance pipe 23a of the oil reservoir is connected to an oil balance opening of the compressor. In such a way,
both the gas balance and the oil balance between the single compressor and the oil reservoir could be realized. The
concrete implementation manner is the same to that of the multi-compressors system.
[0054] The gas balance pipe 24a and an exhaust connecting pipe 25a of the oil reservoir 4a could be separately
connected to the oil reservoir 4a and also could be combined together firstly and then connected to the oil reservoir 4a
as shown in Fig.6.
[0055] The present invention is not only suitable for multi-air conditioners system, but also suitable for chiller (heat
pump) units system comprising a plurality of paralleled connected compressors, multi-connected air conditioners; water-
cooled or air-cooled duct type air conditioner; scroll-type water-cooled or air-cooled chiller or heat pump, water-cooled
package unit and so on. The conditioning systems comprise two or more than two paralleled connected compressor
units and the units are connected in parallel by the pipes of high-pressure side and low-pressure side to construct a
refrigerating cycling. Furthermore, the oil lines of the compressor units are connected together by the oil balance device
according to the present invention which realizes the oil balance between the units.
[0056] Referring to Fig.7, it illustrates a second embodiment of the prevent invention. The concept of the second
embodiment according to the present invention is approximately similar to the concept of multi-air conditioners. For the
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convenience of description, the compressor unit on the left is named 1a and the compressor unit on the right is named
1b. The connecting of pipes and the corresponding definitions are essentially consistent in the unit 1a and unit 1b so
that it is unnecessary to go into details. The difference is that because the whole system is integrated into one shell the
heat exchanger of the unit 1a and the heat exchanger of the unit 1b are combined into a whole heat exchanger 11. The
two units 1a, 1b use a same liquid reservoir 12(the liquid reservoir 12 could be neglected sometimes basing on the
design of the system) in such a way the outlets of the four-way valves of the unit 1a and the unit 1b are combined firstly
and then connected to the heat exchanger 11. The system also comprises an indoor heat exchanger 16 and an expansion
valve 16a. The heat exchanger 11 could be set in an outdoor system to make heat exchange with the refrigerating
system by a second medium to transfer the cold or heat to the indoor system, for an example, the air -cooled chiller
(heat pump) units. The heat exchanger 11 also could be such an exchanger on which the air makes heat exchanges
with the refrigerant directly and such a heat exchanger could be disposed in one shell with a compressor system, for an
example, the water-cooling tank-type air-conditioning units. The heat exchanger is also could be disposed on an indoor
side, for an example, air-cooled duct type air conditioners. The air makes heat exchange with the heat exchanger and
sent to the indoor. The oil balance operation of the embodiment is substantially the same to that of the multi-air conditioners
system so it is unnecessary to go into details again.
[0057] Referring to Fig. 8, it illustrates a third embodiment of the present invention. The third embodiment makes some
small changes on the basis of the second embodiment illustrated in Fig.7 to satisfy the different applications. The unit
1a and the unit 1b use a same gas-liquid separator 13 and a same four-way valve 10. In such a way, the suction pipes
of the unit 1a and the unit 1b converge at the gas-liquid separator 13. The exhaust pipe 26a of the unit 1a and the exhaust
pipe 26b of the unit 1b converge firstly and than are connected to the four-way valve 10. The other parts of the embodiment
are consistent to the corresponding parts of the second embodiment.
[0058] Of course, the exhaust pipes of units 1a, 1b could be connected to their respective four-way valves, likely as
illustrated in Fig. 7. After getting through the four-way valves, the exhaust pipes of units 1a, 1b are combined and
connected to the heat exchanger 11, as illustrated in Fig.9.
[0059] Furthermore, for some special applications, for an example, when two paralleled connected compressors are
disposed in one shell, the control valves 8a, 8b of the oil balance pipe 20 as illustrated in Fig.7,8,9 could be combined
into one control valve.
[0060] The 1#~4# valves in the oil balance device of the present invention are controlled to realize the connection and
the disconnection of the pipes. The valves could be electromagnetic valves controlled by controllers, or also could be
electronic expansion valves (EEVs) controlled by controllers. The EEVs could be opened to a certain extent or closed
to realize the connection and the disconnection of the pipes, basing on the demand of the oil balance operation. The
EEV could be used to control the pressure difference by controlling the extent of the opening of the EEV, especially for
the 1#valve. Of course, the 1#~4#valves also could be other electric or mechanic valves having the similar features. In
addition, the valves could be disposed in the interior of the pipes or disposed on the junction of the pipes.
[0061] The valves described above, especially the valves 6a, 6b, could be EEVs and the valves could open in the
normal working condition so that the pressure balance between the oil reservoir and the compressors could be realized.
The valves could be closed during the operation 1 to establish a high pressure in the oil reservoir to press the oil out
and the valves could be opened during the operation 2 to exhaust the gas in the oil reservoir to realize the oil receiving.
[0062] The present invention also disclosures a check valve designed specially to realize the function of the valves
described above in a better way. Fig. 10 illustrates the system layout and Fig. 11 illustrates the structure of the check valve.
[0063] Generally, known common check valve is consisted of a valve plate 55, a magnet 53, an upper valve seat 50,
a lower valve seat 51 and a shell made of copper tube. To satisfy the requirement of the feature of the check valve that
being accessible in positive direction and being cut-off in negative direction, the lower end surface of the upper valve
seat 50 is a contacting surface 56. A step is formed in the middle of the lower valve seat 51 and defines a contacting
surface 52 and a plurality of guiding slots are formed on the circumference of the lower valve seat 51 as shown in Fig. 12.
[0064] The difference between the check valve of the present invention and the common check valve is that at least
one aperture 54 is formed on the valve plate 55 basing on the design condition and the magnet 53 is embedded in the
lower valve seat 51 to ensure the check valve is open on the condition of no pressure difference or slight pressure
difference.
[0065] In the normal working condition, the valve 6a is forced to open and the valve plate 55 abuts the contacting
surface 52 tightly under the magnetic force of the magnet 53 and the gravity. Due to the guiding slots formed on the
valve seat 51, the valve is on the status of open to realize the gas balance between the oil reservoir and the compressors.
In the operation 1, the unit 1a supplies oil. The valve 5a is open and the high pressure gas gets into the oil reservoir.
The valve plate 55 overcomes the magnetic force and the gravity and abuts the contacting surface 56 tightly under the
pressure difference and thus the valve is closed. The size of the aperture 54 formed on the valve plate 55 depends on
the design condition. When the valve is closed, the gas leakage brought by the aperture 54 could be ignored and the
leakage would not influence the close of the valve. The objective of setting the aperture 54 is that the high pressure
could be inducted and the high pressure could be unloaded when the valve 6a changes from the close status to the
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open status. For an example, the valve 5a would close after the oil discharging is done and the high pressure of the gas
in the oil reservoir would be unloaded through the aperture 54. Meanwhile, the valve plate 55 of the valve 6a would
automatically abut the contacting surface 52 under the magnetic force and the gravity and thus the valve 6a is opened.
In the operation 2, the unit 1a receives oil. The valves 5b, 8b, 8a are all opened. The check valve 6a overcomes the
magnetic force and the gravity and is closed under a high pressure difference. The aperture 54 formed on the valve
plate 55 discharges the gas in the oil reservoir to make sure the oil could flow into the oil reservoir smoothly.
[0066] According to the present invention, it could be realized that the redundant oil is discharged and simultaneously
the enough oil is remained for the use of the unit. Therefore, the oil balance could be achieved without the using of
special oil level testing instruments just the oil cycling between the different oil reservoirs is carried out regularly.
[0067] The oil balance operation doesn’t need the cooperation of the compressors to perform the on/off operations
and each compressor just runs under the normal control of the system. The compressors don’t need to repeat the on/off
operations frequently so that the life of the compressors would not be shorted.
[0068] The oil cycling between the different units is driven by the exhaust pressure of the compressors so that a certain
extent of the installation height gap is permitted and the length of the oil balance pipe is not restricted strictly. The
advantages make the design more freely and also makes the oil balance time shorter.
[0069] The present invention could supply oil to each compressor equably so the running of the units is more reliable.
[0070] The present invention could realize the oil balance reliably and effectively in the normal working condition of
the units.

Claims

1. An oil balance device, comprising:

an oil reservoir;
a first pipe communicating with the oil reservoir;
a second pipe communicating with the oil reservoir;
a third pipe communicating with the oil reservoir;
a fourth pipe communicating with the oil reservoir;

wherein each pipe is provided with at least one valve to control the opening and the closing of the corresponding pipe.

2. The oil balance device according to claim 1, wherein both the first pipe and the second pipe communicate with the
top of the oil reservoir and both the third pipe and the fourth pipe communicate with the bottom of the oil reservoir.

3. The oil balance device according to claim 2, wherein the end communicating with the bottom of the oil reservoir of
the fourth pipe inserts into the interior of the oil reservoir for a certain height.

4. The oil balance device according to claim 1, wherein the first pipe and the second pipe communicate with the oil
reservoir independently and respectively.

5. The oil balance device according to claim 1, wherein the first pipe and the second pipe comprise a shared pipe
communicating with the oil reservoir.

6. The oil balance device according to claim 1, wherein the valve is disposed in the interior of the corresponding pipe.

7. A compressor unit, comprising:

at least a compressor;
at least an oil balance device, the oil balance device comprising:

an oil reservoir;
a first pipe, wherein one end of the first pipe communicates with the oil reservoir and the other end com-
municates with the exhaust pipe of the compressor;
a first valve for controlling the on/off of the first pipe;
a second pipe, wherein one end of the second pipe communicates with the oil reservoir and the other end
communicates with the gas balance opening of the compressor;
a second valve for controlling the on/off of the second pipe;
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a third pipe, wherein one end of the third pipe communicates with the oil reservoir and the other end
communicates with the oil balance opening of the compressor;
a third valve for controlling the on/off of the third pipe;
a fourth pipe, wherein one end of the fourth pipe communicates with the oil reservoir and the other end
communicates with another oil reservoir belonging to a neighboring compressor unit;
a fourth valve for controlling the on/off of the fourth pipe.

8. The compressor unit according to claim 7, wherein the second pipe communicates with the gas balance opening
of the compressor through a gas balance pipe of the compressor.

9. The compressor unit according to claim 7, wherein the third pipe communicates with the oil balance opening of the
compressor through an oil balance pipe of the compressor.

10. The compressor unit according to claim 7, wherein the height of the bottom of the oil reservoir is not lower than the
height of the oil balance opening of the compressor.

11. The compressor unit according to claim 7, wherein both the first pipe and the second pipe communicate with the
top of the oil reservoir, and both the third pipe and the fourth the pipe communicate with the bottom of the oil reservoir.

12. The compressor unit according to claim 7, wherein the end communicating with the bottom of the oil reservoir of
the fourth pipe inserts into the interior of the oil reservoir for a certain height.

13. The compressor unit according to claim 7, wherein the first pipe and the second pipe communicate with the oil
reservoir independently and respectively.

14. The compressor unit according to claim 7, wherein the first pipe and the second pipe comprise a shared pipe
communicating with the oil reservoir.

15. The compressor unit according to claim 7, wherein the first valve, the second valve, the third valve and the fourth
valve are disposed in the interior of the first pipe, the second pipe, the third pipe and the fourth the pipe respectively.

16. The compressor unit according to claim 7, wherein the fourth valve is shared by the two neighboring compressor
units if the two compressor units are arranged in the interior of one shell.

17. The compressor unit according to claim 7, wherein the second valve comprises a valve plate, a magnet below the
valve plate and an aperture formed on the valve plate, wherein the size of the aperture makes no influence to the
closing of the second valve and pressure difference between the two sides of the valve plates is unloaded when
the second valve is switched from the off status to the on status.

18. A method for performing an oil balance operation between a plurality of compressor units, comprising:

providing an oil reservoir for each compressor unit;
providing a first pipe, a second pipe, a third pipe and a fourth pipe for each compressor unit;
connecting the first pipe to the oil reservoir of one compressor unit and to the exhaust pipe of the compressor;
connecting the second pipe to the oil reservoir of the compressor unit and to the gas balance opening of the
compressor;
connecting the third pipe to the oil reservoir of the compressor unit and to the oil balance opening of the
compressor;
connecting the fourth pipe to the oil reservoir of the compressor unit and to another oil reservoir belonging to
an neighboring compressor unit;
controlling the on/off status of first pipe, the second pipe, the third pipe and the fourth pipe by a first valve, a
second vale ,a third valve and a fourth valve respectively;
closing the first valve and the fourth valve and opening the second valve and the third valve for the compressor
units in a normal working condition;
opening the first valve and the fourth valve and closing the second valve and the third valve for the compressor
units supplying oil;
opening the second valve and the fourth valve and closing the first valve and the third valve, or opening the
third valve and the fourth valve and closing the first valve and the second valve, for the compressor units



EP 2 336 681 A1

13

5

10

15

20

25

30

35

40

45

50

55

receiving oil.

19. The method according to claim 18, wherein the compressor unit works in the normal working condition for a period
of time before staring the oil supplying.

20. The method according to claim 18, wherein the compressor unit works in the normal working condition for a period
of time after finishing the oil receiving.

21. The method according to claim 18, wherein the two compressor units which supplying the oil and receiving the oil
respectively are neighboring.

22. The method according to claim 18, wherein the neighboring compressor units supply and receive the oil respectively.

23. The method according to claim 18, wherein the supplying and the receiving of the oil are performed one by one
among the compressor units and reversely in a following turn.

24. The method according to claim 18, wherein the second pipe communicates with the gas balance opening of the
compressor through the gas balance pipe of the compressor.

25. The method according to claim 18, wherein the third pipe communicates with the oil balance opening of the com-
pressor through the oil balance pipe of the compressor.

26. The method according to claim 18, wherein the height of the bottom of the oil reservoir is not lower than the height
of the oil balance opening of the compressor.

27. The method according to claim 18, wherein the first pipe and the second pipe communicate with the top of the oil
reservoir, and the third pipe and the fourth pipe communicate with the bottom of the oil reservoir.

28. The method according to claim 18, wherein the end communicating with the bottom of the oil reservoir of the fourth
pipe inserts into the interior of the oil reservoir for a certain height.

29. The method according to claim 18, wherein the first pipe and the second pipe communicate with the oil reservoir
independently and respectively.

30. The method according to claim 18, wherein the first pipe and the second pipe comprise a shared pipe communicating
with the oil reservoir.

31. The method according to claim 18, wherein the first valve, the second valve, the third valve and the fourth valve are
disposed in the interior of the first pipe, the second pipe, the third pipe and the fourth the pipe respectively.

32. The method according to claim 18, wherein the fourth valve is shared by the two neighboring compressor units if
the two compressor units are arranged in the interior of one shell.
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