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Description
AIR CONDITIONER

Technical Field
[1] Embodiments relates to an air conditioner.

Background Art
[2] An air conditioner is a device for controlling the temperature or humidity of air using

a cycle of compression, condensation, expansion, and evaporation.

[3] In some air conditioners, a plurality of indoor units are connected to one or more

outdoor units. In this case, the number of compressors included in the outdoor units

may vary according to the capacity of the indoor units. That is, a plurality of com

pressors can be included in one outdoor unit.

[4] Oil collectors can be coupled to outlets of the compressors. The oil collectors collect

oil and supply the collected oil to the inlets of the compressors through oil collection

pipes.

[5] Conventionally, the oil collected from one compressor is supplied back to the same

compressor, and is not supplied to other compressors. Thus, the oil level of the com

pressors can be unbalanced. As a result, components of a compressor having in

sufficient oil can suffer from mechanical abrasion.

Disclosure of Invention

Technical Problem
[6] One of the advantages of the present invention is that it balances the oil levels of a

plurality of compressors, so as to provide a sufficient amount of oil to each

compressor, and to minimize damage to the compressors resulting from an insufficient

oil amount.

Technical Solution
[7] To achieve this advantage, there is provided an air conditioner which includes a

plurality of compressors, a common inlet pipe through which fluid flows to the com

pressors, a plurality of inlet pipes branching off from the common inlet pipe which are

connected to the compressors, a plurality of outlet pipes connected to the compressors

through which refrigerant discharged from the compressors passes, and a plurality of

bypass pipes connected to the compressors through which fluid discharged from the

compressors passes. The fluid which passes through the plurality of bypass pipes is

distributed to the plurality of compressors through the common inlet pipe.

[8] The air conditioner may also include a common bypass pipe which is connected to

the common inlet pipe, and the fluid which passes through the plurality of bypass pipes

may flow into the common bypass pipe. The plurality of bypass pipes may be



connected to the common inlet pipe. The air conditioner may also include an ac

cumulator which receives refrigerant from an evaporator, and separates gas and liquid

portions of the received refrigerant, and the fluid which passes through the bypass

pipes may move to the common inlet pipe through the accumulator.

[9] At least one of the bypass pipes may include a pressure reducing part which reduces

a pressure of fluid flowing in the respective bypass pipe. At least one of the pressure

reducing parts may include a valve which changes a flow passage area of a respective

bypass pipe. At least one of the pressure reducing parts may include a capillary.

[10] The air conditioner may also include at least one bypass valve that opens and closes

at least one of the bypass pipes. At least one of the bypass pipes may include a tem

perature sensor that measures a temperature of fluid in the respective bypass pipe. The

air conditioner may also include a memory unit that stores a plurality of reference tem

peratures. The air conditioner may also include a control unit that compares the tem

perature measured by the temperature sensor with the plurality of reference tem

peratures, and controls the bypass valve based on the comparisons. The plurality of

reference temperatures may correspond to a temperature of outdoor air.

[11] There is also provided an air conditioner which includes a plurality of compressors, a

common inlet pipe through which fluid flows to the compressors, a plurality of inlet

pipes branching off from the common inlet pipe which are connected to the com

pressors, a bypass unit that guides fluid discharged from the compressors to the

common inlet pipe, and a pressure reducing part that reduces a pressure of fluid

flowing in the bypass unit.

[12] The bypass unit may include a plurality of bypass pipes connected between the com

pressors and the common inlet pipe, and the bypass pipes may include pressure

reducing parts. The bypass unit may include a plurality of bypass pipes connected to

the compressors, and a common bypass pipe connected between the bypass pipes and

the common inlet pipe, and the pressure reducing part may be disposed at the common

bypass pipe or at each of the bypass pipes. The bypass unit may include a plurality of

bypass pipes connected to the compressors, and a common bypass pipe connected

between the bypass pipes and an accumulator.

[13] The pressure reducing part may be a capillary. The air conditioner may include a

bypass valve that selectively allows fluid to flow in the bypass unit, the bypass valve

being periodically opened. The pressure reducing part may be a valve capable of

adjusting a size of a flow passage, and the size of the flow passage may be periodically

adjusted. The bypass unit may include a temperature sensor that measures a tem

perature of fluid passing through the pressure reducing part, and an amount of fluid

flowing in the bypass unit may be adjusted based on the measured temperature.

[14] There is also provided an air conditioner which includes a plurality of compressors, a



plurality of bypass pipes connected to the compressors to form bypass passages that

allow fluid in the compressors to be redistributed among the compressors, and a

plurality of temperature sensors disposed at the bypass pipes that measure temperatures

of fluid flowing in the bypass pipes. Amounts of fluid flowing in the bypass pipes are

adjusted based on the measured temperatures.
[15] The bypass pipes may include pressure reducing parts, and the temperature sensors

may measure temperatures of fluid passing through the pressure reducing parts. When

the measured temperatures correspond to a reference refrigerant temperature, streams

of fluid to the bypass pipes may be interrupted. When the measured temperatures

correspond to a reference oil temperature, streams of fluid to the bypass pipes may be

allowed. When the measured temperatures correspond to a reference temperature,

streams of fluid to the bypass pipes may be interrupted.

[16] Additional advantages and features of the invention will be set forth in part in the de

scription which follows and in part will become apparent to those having ordinary skill

in the art upon examination of the following or may be learned from practice of the

invention.

Advantageous Effects
[17] The embodiments of the air conditioner described above are capable of balancing and

maintaining the oil levels of a plurality of compressors of the air conditioner. Thus, a

sufficient oil level may be maintained in each of the compressors, minimizing damage

to the compressors resulting from an insufficient oil amount.

Brief Description of the Drawings
[18] Fig. 1 is a diagram of an air conditioner according to a first embodiment of the

invention.

[19] Fig. 2 is a diagram for illustrating an operation of the air conditioner depicted in Fig.

1.

[20] Fig. 3 is a diagram of an air conditioner according to a second embodiment of the

invention.

[21] Fig. 4 is a diagram of an air conditioner according to a third embodiment of the

invention.

[22] Fig. 5 is a sectional diagram of an accumulator of the air conditioner depicted in Fig.

4.

[23] Fig. 6 is a diagram of an air conditioner according to a fourth embodiment of the

invention.

[24] Fig. 7 is a diagram of an air conditioner according to a fifth embodiment of the

invention.

[25] Fig. 8 is a control block diagram of the air conditioner depicted in Fig. 7.



[26] Fig. 9 is a flowchart for explaining a method of controlling the air conditioner

depicted in Fig. 7.

[27] Fig. 10 is a diagram of an air conditioner according to a sixth embodiment of the

invention.

Mode for the Invention
[28] Reference will now be made in detail to the preferred embodiments of the present

invention, examples of which are illustrated in the accompanying drawings.

[29] Fig. 1 is a diagram of an air conditioner according to a first embodiment of the

invention.

[30] Referring to Fig. 1, the air conditioner of the first embodiment includes a plurality of

compressors such as first, second, and third compressors 11, 12, and 13 that are

disposed in parallel. Although three compressors are provided in the first embodiment

shown in Fig. 1, the number of compressors can vary.

[31] The capacities of the compressors 11, 12, and 13 can be different. Furthermore,

various types of compressors can be used as the compressors 11, 12, and 13. For

example, an inverter compressor having a variable rotation speed or a constant speed

compressor can be used.

[32] An inlet pipe unit is connected to the compressors 11, 12, and 13 to supply a re

frigerant from an evaporator (not shown) to the compressors 11, 12, and 13. The inlet

pipe unit includes a common inlet pipe 30 and a plurality of inlet pipes 31, 32, and 33.

The common inlet pipe 30 receives a refrigerant discharged from the evaporator, and

the inlet pipes 31, 32, and 33 branch off from the common inlet pipe 30 and are

connected to the compressors 11, 12, and 13, respectively.

[33] A refrigerant introduced into the common inlet pipe 30 is distributed to the inlet

pipes 31, 32, and 33 and then supplied to the compressors 11, 12, and 13. The common

inlet pipe 30 is connected to an accumulator 10. The accumulator 10 separates gas and

liquid portions of a refrigerant discharged from the evaporator.

[34] Only the gaseous refrigerant is supplied to the common inlet pipe 30 from the ac

cumulator 10, and the liquid refrigerant is stored in the accumulator 10.

[35] The air conditioner may include a plurality of outdoor units, and the accumulator 10

may be external to the plurality of outdoor units, and connected to all of the com

pressors of the plurality of outdoors units. Alternatively, the accumulator 10 may be

internal to one of the plurality of outdoor units, yet still be shared by all of the com

pressors of the plurality of outdoors units.

[36] An outlet pipe unit is connected to the compressors 11, 12, and 13 for carrying a re

frigerant discharged from the compressors 11, 12, and 13. The outlet pipe unit includes

a plurality of outlet pipes 34, 35, and 36, and a common outlet pipe 37. The outlet



pipes 34, 35, and 36 are connected to the compressors 11, 12, and 13, respectively. The

common outlet pipe 37 is commonly connected to the outlet pipes 34, 35, and 36 for

combining streams of a refrigerant from the compressors 11, 12, and 13.

[37] A refrigerant discharged from the compressors 11, 12, and 13 flows along the outlet

pipes 34, 35, and 36, and then the streams of the refrigerant gather at the common

outlet pipe 37. Thereafter, the refrigerant moves to a condenser (not shown).

[38] Oil collectors 21, 22, and 23 are disposed at the outlet pipes 34, 35, and 36 to collect

oil from a refrigerant discharged from the compressors 11, 12, and 13.

[39] Oil collector pipes 41, 42, and 43 are connected to the oil collectors 21, 22, and 23 to

supply the oil collected by the oil collectors 21, 22, and 23 back to inlets of the com

pressors 11, 12, and 13.

[40] That is, oil collected by the oil collectors 21, 22, and 23 is supplied back to the inlet

pipes 31, 32, and 33 through the oil collector pipes 41, 42, and 43.

[41] Capillaries 44, 45, and 46 are disposed at the oil collector pipes 41, 42, and 43, re

spectively, for pressure reduction. The capillaries 44, 45, and 46 reduce the pressure of

oil discharged from the compressors 11, 12, and 13 for supplying the oil back to the

inlet pipes 31, 32, and 33.

[42] A bypass unit is connected to the compressors 11, 12, and 13 for discharging oil from

the compressors 11, 12, and 13 when the compressors 11, 12, and 13 contain excessive

oil.

[43] The bypass unit includes a common bypass pipe 50 and a plurality of bypass pipes,

such as first, second, and third bypass pipes 51, 52, and 53. The bypass pipes 51, 52,

and 53 are connected to the compressors 11, 12, and 13, respectively. The common

pipe 50 is commonly connected to the bypass pipes 51, 52, and 53 for combining oil

streams of the bypass pipes 51, 52, and 53. The common pipe 50 is also connected to

the common inlet pipe 30.

[44] The bypass pipes 51, 52, and 53 are connected to the compressors 11, 12, and 13 at

heights higher than normal oil levels in the compressors 11, 12, and 13.

[45] The normal oil levels of the compressors 11, 12, and 13 vary according to the c a

pacities of the compressors 11, 12, and 13. Therefore, the bypass pipes 51, 52, and 53

can be connected to the compressors 11, 12, and 13 at different heights.

[46] Pressure reducing parts 54, 55, and 56 are disposed at the bypass pipes 51, 52, and

53, respectively. The pressure reducing parts 54, 55, and 56 are used to reduce the

pressure of a fluid discharged from the compressors 11, 12, and 13. Capillaries can be

used as the pressure reducing parts 54, 55, and 56.

[47] The compressors 11, 12, and 13 may be high-pressure compressors. In this case, oil

is stored in the compressors 11, 12, and 13 at a high pressure. Thus, a fluid can be

discharged from the compressors 11, 12, and 13 to the bypass pipes 51, 52, and 53 due



to the high pressure of the oil in the compressors 11, 12, and 13.

[48] While flowing in the bypass pipes 51, 52, and 53, the fluid is expanded by the

pressure reducing parts 54, 55, and 56, and thus the temperature and pressure of the

fluid decreases.

[49] The fluid may include a refrigerant and/or oil. When the compressors 11, 12, and 13

contain excessive oil, oil may be discharged from the compressors 11, 12, and 13 to the

bypass pipes 51, 52, and 53. On the other hand, when the amount of oil contained in

the compressors 11, 12, and 13 is proper or insufficient, a refrigerant may be

discharged from the compressors 11, 12, and 13 to the bypass pipes 51, 52, and 53.

[50] A refrigerant discharged from the compressors 11, 12, and 13 to the bypass pipes 51,

52, and 53 is supplied back to the inlets of the compressors 11, 12, and 13. A low-

pressure refrigerant should be supplied to the inlets of the compressors 11, 12, and 13.

However, the pressure of the refrigerant flowing in the bypass pipes 51, 52, and 53 is

high. Therefore, in the current embodiment, the pressure reducing parts 54, 55, and 56

are disposed in the bypass pipes 51, 52, and 53 to decrease the pressure of the re

frigerant.

[51] An operation of the air conditioner will now be described.

[52] Fig. 2 is a diagram which illustrates an operation of the air conditioner depicted in

Fig. 1.

[53] Referring to Fig. 2, when the air conditioner begins operation, the compressors 11,

12, and 13 operate. Then, a refrigerant is introduced into the compressors 11, 12, and

13 and compressed. Thereafter, the compressed refrigerant is discharged to the outlet

pipes 34, 35, and 36 together with oil.

[54] The refrigerant and oil flow along the outlet pipes 34, 35, and 36 and enter the oil

collectors 21, 22, and 23. The oil collectors 21, 22, and 23 separate the refrigerant and

the oil.

[55] The separated refrigerant is discharged to the common outlet pipe 37 from the oil

collectors 21, 22, and 23. Then, the refrigerant flows to the accumulator 10 after se

quentially passing through a condenser (not shown), an expansion unit (not shown),

and an evaporator (not shown).

[56] The separated oil is discharged to the oil collector pipes 41, 42, and 43 from the oil

collectors 21, 22, and 23. Then, the oil flows along the oil collector pipes 41, 42, and

43 to the inlet pipes 31, 32, and 33.

[57] Meanwhile, while the compressors 11, 12, and 13 operate, a refrigerant and oil are

discharged from the compressors 11, 12, and 13 to the bypass pipes 51, 52, and 53.

[58] As shown in Fig. 2, the oil level of the first compressor 11 approximately cor

responds to the height at which the first bypass pipe 5 1 is connected to the compressor

11. Thus, some of a refrigerant compressed in the first compressor 11 is discharged to



the first bypass pipe 51 together with some oil.

[59] The oil level of the second compressor 12 is lower than the height at which the

second bypass pipe 52 is connected to the compressor 12. Thus, although some of a re

frigerant compressed in the second compressor 12 is discharged to the second bypass

pipe 52 (indicated by a dashed line), oil is not discharged from the second compressor

12 to the second bypass pipe 52. Meanwhile, the rest of the refrigerant compressed in

the second compressor 12 is discharged to the outlet pipe 35.

[60] The oil level of the third compressor 13 is higher than the height at which the third

bypass pipe 53 is connected to the compressor 13. Thus, although some oil is

discharged to the third bypass pipe 53 (indicated by a solid line), a refrigerant is not

discharged from the third compressor 13 to the third bypass pipe 53.

[61] The refrigerant and the oil discharged to the bypass pipes 51, 52, and 53 are reduced

in pressure by the pressure reducing parts 54, 55, and 56, and then are guided to the

common pipe 50. The refrigerant and the oil are moved from the common pipe 50 to

the common inlet pipe 30 and are distributed to the inlet pipes 31, 32, and 33.

Therefore, surplus oil discharged from one of the compressors 11, 12, and 13 can be

distributed to all the compressors 11, 12, and 13.

[62] According to the current embodiment, when oil is excessively contained in one of the

compressors 11, 12, and 13, the excess oil can be discharged from the compressor

through the bypass pipe connected to the compressor, and then the discharged oil can

be distributed to all the compressors 11, 12, and 13. Therefore, a compressor

containing insufficient oil can be supplied with oil from the other compressors, and

thus damages caused by insufficient oil can be prevented.

[63] Furthermore, since surplus oil can be uniformly distributed to all the compressors 11,

12, and 13, the oil levels of the compressors 11, 12, and 13 can be balanced.

[64] Fig. 3 is a diagram of an air conditioner according to a second embodiment of the

invention.

[65] The air conditioner of the second embodiment has the same structure as the air con

ditioner of the first embodiment except for the structure of a bypass unit. In the

following description of the second embodiment, only the differences between the em

bodiments are explained.

[66] Referring to Fig. 3, bypass pipes 51a, 52a, and 53a are connected from compressors

11, 12, and 13 to a common inlet pipe 30.

[67] Therefore, fluid is guided from the bypass pipes 51a, 52a, and 53a directly to the

common inlet pipe 30, and then are combined at the common inlet pipe 30. Therefore,

according to the current embodiment, an additional common pipe such as the common

pipe 50 shown in Fig. 1 is not necessary to combine refrigerant or oil flowing in the

bypass pipes 51a, 52a, and 53a.



[68] Fig. 4 is a diagram of an air conditioner according to a third embodiment of the

invention, and Fig. 5 is a sectional diagram of an accumulator of the air conditioner

depicted in Fig. 4.

[69] The air conditioner of the third embodiment has the same structure as the air con

ditioner of the first embodiment except for the structure of a common bypass pipe. In

the following description of the third embodiment, only the differences between the

embodiments are explained.

[70] Referring to Figs. 4 and 5, ends of bypass pipes 51, 52, and 53 are connected to com

pressors 11, 12, and 13. Opposite ends of the bypass pipes 51, 52, and 53 are

connected to a common bypass pipe 60 such that fluid from the bypass pipes 51, 52,

and 53 can be combined at the common pipe 60. The common pipe 60 is connected to

an accumulator 70.

[71] Oil in the accumulator 70 is transferred to a common inlet pipe 30. The accumulator

70 stores oil that is discharged from an evaporator, as well as oil which is received

from the common pipe 60. In this regard, oil which is not collected by oil collectors 21,

22, and 23 passes through a condenser, an expansion unit, and the evaporator together

with refrigerant, and then is guided to the accumulator 70.

[72] The accumulator 70 separates gas and liquid portions of a refrigerant and allows only

the gas refrigerant to flow to the compressors 11, 12, and 13. Fig. 5 illustrates an

exemplary embodiment of the accumulator 70. In this embodiment, a U-shaped gas re

frigerant pipe 7 1 is disposed in the accumulator 70. One end of the gas refrigerant pipe

7 1 is connected to the common inlet pipe 30. A connection pipe 74 is connected to the

accumulator 70 to supply a refrigerant discharged from the evaporator to the ac

cumulator 70.

[73] When a refrigerant is introduced into the accumulator 70, a gas portion of the re

frigerant can flow to the gas refrigerant pipe 7 1 through an inlet 71a of the gas re

frigerant pipe 71. The remaining liquid portion of the refrigerant is stored at a lower

portion of the accumulator 70.

[74] An oil hole 72 is formed in a lower portion of the gas refrigerant pipe 7 1 to allow oil

stored in the accumulator 70 to flow into the gas refrigerant pipe 71. In the ac

cumulator 70, the liquid refrigerant lies on top of the oil, since the liquid refrigerant is

lighter than the oil.

[75] The temperature of the oil introduced into the accumulator 70 from the common pipe

60 is higher than that of the liquid refrigerant and the oil stored in the accumulator 70.

Thus, the oil discharged from the common pipe 60 is cooled by the oil previously

stored in the accumulator 70.

[76] Therefore, high-temperature oil collected from the compressors 11, 12, and 13 can be

first cooled by pressure reducing parts 54, 55, and 56 and secondly cooled in the ac-



cumulator 70. This prevents the gas refrigerant from being heated by the oil in the ac

cumulator 70, and thus allows a low-temperature gas refrigerant to be supplied to the

compressors 11, 12, and 13 from the accumulator 70.

[77] In the current embodiment, the oil hole 72 is formed in the gas refrigerant pipe 7 1 to

allow oil to flow from the accumulator 70 to the compressors 11, 12, and 13 through

the gas refrigerant pipe 71. However, as an alternative to the oil hole 72, an oil pipe

can be connected from a lower portion of the accumulator 70 to the common inlet pipe

30 to allow oil to flow from the accumulator 70 to the compressors 11, 12, and 13

through the oil pipe and the common inlet pipe 30. In this case, a valve can be disposed

at the oil pipe to control the flow rate of the oil.

[78] In the current embodiment, the common pipe 60 is connected to the accumulator 70.

However, the common pipe 60 can be connected directly to the connection pipe 74,

through which refrigerant is discharged from the evaporator.

[79] Fig. 6 is a diagram of an air conditioner according to a fourth embodiment of the

invention.

[80] The air conditioner of the fourth embodiment has the same structure as the air con

ditioner of the first embodiment except for bypass valves disposed at the bypass pipes.

In the following description of the fourth embodiment, only the differences between

the embodiments are explained.

[81] Referring to Fig. 6, bypass valves 81, 82, and 83 are disposed at bypass pipes 51, 52,

and 53 to selectively open and close the bypass pipes 51, 52, and 53.

[82] The bypass valves 81, 82, and 83 are periodically opened to allow a refrigerant or oil

to flow from compressors 11, 12, and 13 to the bypass pipes 51, 52, and 53.

[83] According to the current embodiment, an unnecessary flow of a high-pressure re

frigerant from the compressors 11, 12, and 13 to the bypass pipes 51, 52, and 53 can be

prevented.

[84] Fig. 7 is a diagram of an air conditioner according to a fifth embodiment of the

invention.

[85] The air conditioner of the fifth embodiment has the same structure as the air con

ditioner of the fourth embodiment except for temperature sensors disposed at the

bypass pipes. In the following description of the fifth embodiment, only the differences

between the embodiments are described.

[86] Referring to Fig. 7, pressure reducing parts 54, 55, and 56, first to third temperature

sensors 84, 85, and 86, and first to third bypass valves 81, 82, and 83 are disposed at

bypass pipes 51, 52, and 53, respectively. The pressure reducing parts 54, 55, and 56

reduce the pressure of a fluid discharged from compressors 11, 12, and 13. The tem

perature sensors 84, 85, and 86 are used to measure the temperature of the fluid after

the fluid passes through the pressure reducing parts 54, 55, and 56. The bypass valves



81, 82, and 83 are used to selectively open and close the bypass pipes 51, 52, and 53.

[87] A refrigerant or oil discharged from the compressors 11, 12, and 13 to the bypass

pipes 51, 52, and 53 are guided to the pressure reducing parts 54, 55, and 56, where the

refrigerant or the oil expands and reduces in temperature. After the refrigerant or the

oil passes through the pressure reducing parts 54, 55, and 56, the temperature of the re

frigerant or the oil can be measured using the temperature sensors 84, 85, and 86.

[88] In the current embodiment, the temperature sensors 84, 85, and 86 are disposed

outside the bypass pipes 51, 52, and 53. Thus, the temperature of the refrigerant or the

oil can be indirectly measured by measuring the temperature of the bypass pipes 51,

52, and 53.

[89] Meanwhile, since refrigerant and oil have different physical properties, temperature

variations of the refrigerant and the oil differ as they pass through the pressure

reducing parts 54, 55, and 56. The temperature variation of the refrigerant may be

larger than that of the oil. That is, the temperature of the refrigerant may drop more

than the temperature of the oil.

[90] Since the temperature variations of the refrigerant and the oil are different, whether a

refrigerant or oil passes through the bypass pipes 51, 52, and 53 can be determined

using the temperatures measured by the temperature sensors 84, 85, and 86.

[91] When the temperature of a fluid discharged from the compressors 11, 12, and 13 is

high, the temperature of the fluid decreases largely as compared with the case where

the temperature of a fluid discharged from the compressors 11, 12, and 13 is low.

Therefore, the current embodiment may be advantageous when high-pressure com

pressors are used as the compressors 11, 12, and 13.

[92] Fig. 8 is a control block diagram of the air conditioner depicted in Fig. 7.

[93] Referring to Fig. 8, the air conditioner of the current embodiment includes: the first

to third temperature sensors 84, 85, and 86 disposed at the bypass pipes 51, 52, and 53;

a memory unit 110 which stores reference temperatures for comparison with tem

peratures of a refrigerant or oil after the refrigerant or the oil passes through the

pressure reducing parts 54, 55, and 56; a control unit 100 which compares tem

peratures of the refrigerant or oil measured by the temperature sensors 84, 85, and 86

with the reference temperatures stored in the memory unit 110; and the first to third

bypass valves 81, 82, and 83, which selectively open and close the bypass pipes 51, 52,

and 53 under the control of the control unit 100.

[94] The control unit 100 controls the bypass valves 81, 82, and 83 to open and close, and

thus controls the discharge of fluid from the compressors 11, 12, and 13 to the bypass

pipes 51, 52, and 53.

[95] The memory unit 110 stores a reference refrigerant temperature T l and a reference

oil temperature T2 corresponding to refrigerant and oil passing through the pressure



reducing parts 54, 55, and 56. The memory unit 110 further stores a reference tem

perature T3 for determining whether a proper amount of oil is stored in the com

pressors 11, 12, and 13.

[96] The reference temperature T3 may be between the reference refrigerant temperature

T l and the reference oil temperature T2. A temperature of a refrigerant measured by

the temperature sensors 84, 85, and 86 is lower than a temperature of oil measured by

the temperature sensors 84, 85, and 86; however, a mixture of refrigerant and oil may

flow in the bypass pipes 51, 52, and 53 where the temperature sensors 84, 85, and 86

are disposed.

[97] That is, the temperature of a fluid which includes a mixture of refrigerant and oil will

be higher than a temperature of fluid which includes only refrigerant, and will be lower

than a temperature of fluid which includes only oil.

[98] Therefore, in the current embodiment, the reference temperature T3 is provided as a

reference temperature for a fluid flowing in the bypass pipes 51, 52, and 53 which

includes a mixture of refrigerant and oil.

[99] The reference refrigerant temperature Tl, the reference oil temperature T2, and the

reference temperature T3 can be varied according to an outdoor air temperature. In this

regard, since the temperature of refrigerant or oil flowing in the bypass pipes 51, 52

and 53 varies in proportion to the outdoor air temperature, the temperatures Tl, T2,

and T3 may be set to high values when the outdoor air temperature is high.

[100] Thus, the temperatures Tl, T2, and T3 stored in the memory unit 110 may vary in ac

cordance with an outdoor air temperature.

[101] The control unit 100 compares temperatures measured by the temperature sensors 84,

85, and 86 with the temperatures Tl, T2, and T3 stored in the memory unit 110 so as to

determine whether a refrigerant or oil flows in the bypass pipes 51, 52, and 53, and

controls the bypass valves 81, 82, and 83 accordingly.

[102] Fig. 9 is a flowchart for explaining a method of controlling the air conditioner

depicted in Fig. 7.

[103] The method of controlling the air conditioner will now be described with reference to

Figs. 7 and 9.

[104] Fig. 7 illustrates an example in which a proper amount of oil is stored in the first

compressor 11, an insufficient amount of oil is stored in the second compressor 12, and

an excessive amount of oil is stored in the third compressor 13.

[105] When the air conditioner begins operation, the compressors 11, 12, and 13 begin to

operate (Sl). Then, a refrigerant is introduced into the compressors 11, 12, and 13 and

compressed. Thereafter, the compressed refrigerant is discharged from the compressors

11, 12, and 13 together with oil.

[106] The bypass valves 81, 82, and 83 can be opened during the operation of the com-



pressors 11, 12, and 13 (S2). Then, a refrigerant or oil is discharged to the bypass pipes

51, 52, and 53.

[107] Referring to Fig. 7, the oil level of the first compressor 11 approximately cor

responds to the height at which the first bypass pipe 5 1 is connected to the compressor

11. Thus, both refrigerant and oil is discharged from the first compressor to the first

bypass pipe 51.

[108] The oil level of the second compressor 12 is lower than the height at which the

second bypass pipe 52 is connected to the compressor 12. Thus, only refrigerant is

discharged from the second compressor 12 to the second bypass pipe 52, as indicated

by a dashed line.

[109] The oil level of the third compressor 13 is higher than the height at which the third

bypass pipe 53 is connected to the compressor 13. Thus, only oil is discharged from

the third compressor 13 to the third bypass pipe 53, as indicated by a solid line.

[ 110] The fluid discharged to the bypass pipes 51, 52 and 53 is reduced in temperature due

to expansion in the pressure reducing parts 54, 55, and 56. Then, the temperature of the

fluid is measured by the temperature sensors 84, 85, and 86 (S3).

[Ill] The control unit 100 compares the temperatures measured by the temperature sensors

84, 85, and 86 with the reference refrigerant temperature Tl, the reference oil tem

perature T2, and the reference temperature T3 stored in the memory unit 110 to

determine whether a refrigerant or oil is discharged to the bypass pipes 51, 52 and 53.

[112] In this regard, the control unit 100 may determine whether a refrigerant is discharged

to the bypass pipes 51, 52 and 53 (S4), for example, by comparing the temperatures

measured by the temperature sensors 84, 85, and 86 with the reference refrigerant tem

perature Tl.

[113] Since the temperatures measured by the temperature sensors 84, 85, and 86 can be

varied, as discussed above, a the reference refrigerant temperature T l can be stored in

the memory unit 110 as a range of temperatures. Similarly, the reference oil tem

perature T2 and the reference temperature T3 can be stored in the memory unit 110 as

ranges of temperatures.

[114] When the control unit 100 determines that refrigerant has been discharged to a

bypass pipe 51, 52 or 53, the control unit 100 closes the corresponding bypass valves

81, 82, or 83 (S5). Since the compressors 11, 12, and 13 cannot operate efficiently

when refrigerant is discharged to the bypass pipes 51, 52 and 53, the bypass valves 81,

82 and 83 are closed to prevent outflow of a refrigerant from the compressors 11, 12

and 13.

[115] In the example shown in Fig. 7, refrigerant may be discharged from the second

compressor 12 to the second bypass pipe 52. Thus, in this example, the control unit

100 closes the bypass valve 82.



[116] If it is determined in operation S4 that refrigerant is not discharged to the bypass

pipes 51, 52, and 53, it is determined whether oil is discharged to the bypass pipes 51,

52, and 53 (S6). For example, the control unit 100 may compare the temperatures

measured by the temperature sensors 84, 85, and 86 with the reference oil temperature

T2.

[117] When the control unit 100 determines that oil is discharged to the bypass pipes, the

control unit 100 maintains the bypass valves 81, 82, and 83 in an opened state (S7).

[118] In the example shown in Fig. 7, oil is discharged from the third compressor 13 to the

third bypass pipe 53. Thus, the bypass valve 83 is kept in an opened state.

[119] Oil discharged to the third bypass pipe 53 flows to the common pipe 50. Then, the oil

further flows to the common inlet pipe 30, where the oil is redistributed to the com

pressors 11, 12, and 13.

[120] While oil is discharged to the third bypass pipe 53, the temperature of the oil is con

tinuously measured by the third temperature sensor 86, and the control unit 100 de

termines whether the measured temperature reaches the reference temperature T3 (S8).

[121] If the measured temperature reaches the reference temperature T3, the control unit

100 determines that a mixture of refrigerant and oil is discharged to the third bypass

pipe 53, and closes the third bypass valve 83 (S9). On the other hand, if the measured

temperature does not reach the reference temperature T3, the third bypass valve 83 is

kept in the opened state.

[122] If it is determined in operation S6 that the temperatures measured by the temperature

sensors 84, 85, and 86 do not correspond to the reference oil temperature T2, the

bypass valves 81, 82, and 83 are closed (SlO). In the example shown in Fig. 7, a a

mixture of refrigerant and oil is discharged to the first bypass pipe 51. Thus, the

control unit 100 closes the first bypass valve 81. Here, a temperature measured by the

first temperature sensor 84 may correspond to the reference temperature T3. In this

case, a proper amount of oil may be stored in the first compressor 11, and thus the first

bypass valve 8 1 may be closed to prevent the oil stored in the first compressor 11 from

being discharged to the first bypass pipe 51.

[123] According to the current embodiment, when a refrigerant is discharged from one or

more of the compressors 11, 12, and 13 to a corresponding bypass pipe 51, 52, or 53,

the corresponding bypass valves 81, 82, or 83 are closed. Therefore, an unnecessary

discharge and redistribution of a refrigerant from the compressors 11, 12, and 13 can

be prevented.

[124] Fig. 10 is a diagram of an air conditioner according to a sixth embodiment of the

invention.

[125] The air conditioner of the sixth embodiment has the same structure as the air con

ditioner of the first embodiment except for the structure of pressure reducing parts. In



the following description of the sixth embodiment, only the differences between the

embodiments are explained.

[126] Referring to Fig. 10, bypass pipes 51, 52, and 53 are connected from compressors 11,

12, and 13 to a common bypass pipe 50. Bypass valves 91, 92, and 93 are disposed at

the bypass pipes 51, 52, and 53 for selectively allowing flows of fluid from the com

pressors 11, 12, and 13 to the bypass pipes 51, 52, and 53 and reducing the pressure of

the fluid flowing in the bypass pipes 51, 52, and 53.

[127] The bypass valves 91, 92, and 93 are designed to change flow passage areas of the

bypass pipes 51, 52, and 53, respectively. For example, the bypass valves 91, 92, and

93 may be electric expansion valves.

[128] When the bypass valves 91, 92, and 93 are opened, fluid can flow from the com

pressors 11, 12, and 13 to the bypass pipes 51, 52, and 53. At this time, the flow

passage areas of the bypass pipes 51, 52, and 53 can be adjusted using the bypass

valves 91, 92, and 93 to reduce the pressure of the fluid flowing in the bypass pipes 51,

52, and 53.

[129] In this way, the bypass valves 91, 92, and 93 can function as pressure reducing parts

for reducing the pressure of fluid flowing in the bypass pipes 51, 52, and 53.

[130] According to the current embodiment, an additional structure is not necessary for

reducing the pressure of fluid flowing in the bypass pipes 51, 52, and 53, which allows

the air conditioner to have a simple structure.

[131] Although the bypass valves 91, 92, and 93 functioning as pressure reducing parts are

disposed at the bypass pipes 51, 52, and 53 in the current embodiment, the bypass

valves 91, 92, and 93 can be disposed at the common pipe 50.

[132] The embodiments of the air conditioner described above are capable of balancing and

maintaining the oil levels of a plurality of compressors of the air conditioner. Thus, a

sufficient oil level may be maintained in each of the compressors, minimizing damage

to the compressors resulting from an insufficient oil amount.

[133] The illustrations of the embodiments described herein are intended to provide a

general understanding of the structure of the various embodiments. The illustrations

are not intended to serve as a complete description of all of the elements and features

of apparatus and systems that utilize the structures or methods described herein. Many

other embodiments may be apparent to those of skill in the art upon reviewing the

disclosure. Other embodiments may be utilized and derived from the disclosure, such

that structural and logical substitutions and changes may be made without departing

from the scope of the disclosure. Accordingly, the disclosure and the figures are to be

regarded as illustrative rather than restrictive.

[134] One or more embodiments of the disclosure may be referred to herein, individually

and/or collectively, by the term invention merely for convenience and without



intending to voluntarily limit the scope of this application to any particular invention or

inventive concept. Moreover, although specific embodiments have been illustrated and

described herein, it should be appreciated that any subsequent arrangement designed to

achieve the same or similar purpose may be substituted for the specific embodiments

shown. This disclosure is intended to cover any and all subsequent adaptations or

variations of various embodiments. Combinations of the above embodiments, and

other embodiments not specifically described herein, will be apparent to those of skill

in the art upon reviewing the description.

[135] The above disclosed subject matter is to be considered illustrative, and not restrictive,

and the appended claims are intended to cover all such modifications, enhancements,

and other embodiments which fall within the true spirit and scope of the present

invention. Thus, to the maximum extent allowed by law, the scope of the present

invention is to be determined by the broadest permissible interpretation of the

following claims and their equivalents, and shall not be restricted or limited by the

foregoing detailed description.

[136] Although the invention has been described with reference to several exemplary em

bodiments, it is understood that the words that have been used are words of description

and illustration, rather than words of limitation. As the present invention may be

embodied in several forms without departing from the spirit or essential characteristics

thereof, it should also be understood that the above-described embodiments are not

limited by any of the details of the foregoing description, unless otherwise specified.

Rather, the above-described embodiments should be construed broadly within the spirit

and scope of the present invention as defined in the appended claims. Therefore,

changes may be made within the metes and bounds of the appended claims, as

presently stated and as amended, without departing from the scope and spirit of the

invention in its aspects.



Claims
[1] An air conditioner comprising:

a plurality of compressors;

a common inlet pipe through which fluid flows to the compressors;

a plurality of inlet pipes branching off from the common inlet pipe which are

connected to the compressors;

a plurality of outlet pipes connected to the compressors through which refrigerant

discharged from the compressors passes; and

a plurality of bypass pipes connected to the compressors through which fluid

discharged from the compressors passes,

wherein the fluid which passes through the plurality of bypass pipes is dis

tributed to the plurality of compressors through the common inlet pipe.

[2] The air conditioner according to claim 1, further comprising a common bypass

pipe which is connected to the common inlet pipe, wherein the fluid which

passes through the plurality of bypass pipes flows into the common bypass pipe.

[3] The air conditioner according to claim 1, wherein the plurality of bypass pipes is

connected to the common inlet pipe.

[4] The air conditioner according to claim 1, further comprising an accumulator

which receives refrigerant from an evaporator, and separates gas and liquid

portions of the received refrigerant, wherein the fluid which passes through the

bypass pipes moves to the common inlet pipe through the accumulator.

[5] The air conditioner according to claim 1, wherein at least one of the bypass pipes

comprises a pressure reducing part which reduces a pressure of fluid flowing in

the respective bypass pipe.

[6] The air conditioner according to claim 5, wherein at least one of the pressure

reducing parts comprises a valve which changes a flow passage area of a re

spective bypass pipe.

[7] The air conditioner according to claim 5, wherein at least one of the pressure

reducing parts comprises a capillary.

[8] The air conditioner according to claim 7, further comprising at least one bypass

valve that opens and closes at least one of the bypass pipes.

[9] The air conditioner according to claim 8, wherein at least one of the bypass pipes

comprises a temperature sensor that measures a temperature of fluid in the re

spective bypass pipe.

[10] The air conditioner according to claim 9, further comprising a memory unit that

stores a plurality of reference temperatures.

[11] The air conditioner according to claim 10, further comprising a control unit that



compares the temperature measured by the temperature sensor with the plurality

of referenced temperatures, and controls the bypass valve based on the com

parisons.

[12] The air conditioner according to claim 10, wherein the plurality of reference tem

peratures correspond to a temperature of outdoor air.

[13] An air conditioner comprising :

a plurality of compressors;

a common inlet pipe through which fluid flows to the compressors;

a plurality of inlet pipes branching off from the common inlet pipe which are

connected to the compressors;

a bypass unit that guides fluid discharged from the compressors to the common

inlet pipe; and

a pressure reducing part that reduces a pressure of fluid flowing in the bypass

unit.

[14] The air conditioner according to claim 13, wherein the bypass unit comprises a

plurality of bypass pipes connected between the compressors and the common

inlet pipe, and the bypass pipes comprise pressure reducing parts.

[15] The air conditioner according to claim 13, wherein the bypass unit comprises:

a plurality of bypass pipes connected to the compressors; and

a common bypass pipe connected between the bypass pipes and the common

inlet pipe,

wherein the pressure reducing part is disposed at the common bypass pipe or at

each of the bypass pipes.

[16] The air conditioner according to claim 13, wherein the bypass unit comprises:

a plurality of bypass pipes connected to the compressors; and

a common bypass pipe connected between the bypass pipes and an accumulator.

[17] The air conditioner according to claim 13, wherein the pressure reducing part is a

capillary.

[18] The air conditioner according to claim 17, further comprising a bypass valve that

selectively allows fluid to flow in the bypass unit, the bypass valve being peri

odically opened.

[19] The air conditioner according to claim 13, wherein the pressure reducing part is a

valve capable of adjusting a size of a flow passage, and the size of the flow

passage is periodically adjusted.

[20] The air conditioner according to claim 13, wherein the bypass unit comprises a

temperature sensor that measures a temperature of fluid passing through the

pressure reducing part, and an amount of fluid flowing in the bypass unit is

adjusted based on the measured temperature.



[21] An air conditioner comprising :

a plurality of compressors;

a plurality of bypass pipes connected to the compressors to form bypass passages

that allow fluid in the compressors to be redistributed among the compressors;

and

a plurality of temperature sensors disposed at the bypass pipes that measure tem

peratures of fluid flowing in the bypass pipes,

wherein amounts of fluid flowing in the bypass pipes are adjusted based on the

measured temperatures.

[22] The air conditioner according to claim 21, wherein the bypass pipes comprise

pressure reducing parts, and the temperature sensors measure temperatures of

fluid passing through the pressure reducing parts.

[23] The air conditioner according to claim 22, wherein when the measured tem

peratures correspond to a reference refrigerant temperature, streams of fluid to

the bypass pipes are interrupted.

[24] The air conditioner according to claim 22, wherein when the measured tem

peratures correspond to a reference oil temperature, streams of fluid to the bypass

pipes are allowed.

[25] The air conditioner according to claim 24, wherein when the measured tem

peratures correspond to a reference temperature, streams of fluid to the bypass

pipes are interrupted.
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