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(54) Title: HEAT PUMP

[Fig. 4]
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(57) Abstract: A heat pump according to the present invention comprises a plurality of the compression chambers, and compress
es refrigerant with multistage, and injects vapor refrigerant into the space between the plurality of the compression chambers by

o using the first refrigerant injection flow path and the second refrigerant injection flow path. Performance and efficiency of the heat
pump can be improved compared with non-injection, as flow rate of the refrigerant circulating the indoor heat exchanger is in
creased. Thus heating performance can be improved also in the extremely cold environmental condition such as the cold area by

o increasing the injection flow rate. Also, because the heat pump according to the present invention comprises the first refrigerant
injection flow path and the second refrigerant injection flow path, refrigerant is injected twice. Thus, as the injection flow rate of

o the refrigerant is increased, heating capacity can be improved. Also, the difference between the suction pressure and the discharge
pressure of the rotary compressor may be decreased, and thus the reliability and the performance of the rotary compressor can be
improved.
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Description

Title of Invention: HEAT PUMP

Technical Field
[1] The present invention relates to a heat pump, and more particularly, to a heat pump

that performance and efficiency can be improved.

[2]

Background Art
[3] In general, a heat pump is a device which cools or heats an indoor space by

performing compression, condensation, expansion, and evaporation process of re

frigerant.

[4] Heat pumps are classified into standard air conditioners which have one indoor unit

connected to one outdoor unit and multi-type air conditioners which have a plurality of

indoor units connected to at least one outdoor unit. Also, heat pumps further comprise

a water heater to supply hot water and a heater to heat a floor by using hot water.

[5] The heat pump comprises a compressor, a condenser, an expansion valve and an

evaporator. Refrigerant is compressed at the compressor, is condensed at the

condenser, and then is expanded at the expansion valve. The expanded refrigerant is

evaporated at the evaporator, and then flows into the compressor.

[6] But, the conventional heat pump has a problem that the cooling/heating performance

is not sufficient to cool/heat a room, when cooling/heating load such as outdoor tem

perature is changed. For example, in the cold area, heating performance is extremely

reduced. If the existing heat pump is changed into the new heat pump having larger

capacity or an extra pump is added to the existing heat pump, it needs high cost and

large space for installing.

[7]

Disclosure of Invention

Technical Problem
[8] An object of the present invention is to provide a heat pump that cooling and heating

performance can be improved.

[9] Additional advantages, objects, and features of the invention will be set forth in part

in the description 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. The objectives and other advantages of the invention may be

realized and attained by the structure particularly pointed out in the written description

and claims hereof as well as the appended drawings.



Solution to Problem
To achieve these objects and other advantages and in accordance with the purpose of

the invention, as embodied and broadly described herein, there is provided a heat pump

comprising: a main circuit which comprises a rotary compression device having a

plurality of compression chambers and a condenser for condensing refrigerant passed

through the rotary compression device and an expansion device for throttling re

frigerant passed through the condenser and an evaporator for evaporating refrigerant

expanded by the expansion device; a first refrigerant injection flow path which is

bypassed at the space between the condenser and the evaporator and injects refrigerant

to one of the plurality of compression chambers; and a second refrigerant injection

flow path which is bypassed at the space between the condenser and the evaporator and

injects refrigerant to the other of the plurality of compression chambers.

In the present invention, the rotary compression device comprises a rotary

compressor which has a plurality of compression chambers formed in a body, and each

of the first refrigerant injection flow path and the second refrigerant injection flow path

respectively inject refrigerant to the spaces between a plurality of compression

chambers.

In the present invention, the rotary compression device comprises a first rotary

compressor which has a low pressure compression chamber and a high pressure com

pression chamber in a body and a second rotary compressor which has a compression

chamber in a body, and one of the first refrigerant injection flow path and the second

refrigerant injection flow path injects refrigerant to the space between a low pressure

compression chamber and a high pressure compression chamber, and the other of the

first refrigerant injection flow path and the second refrigerant injection flow path

injects refrigerant to the compression chamber of the second rotary compressor.

In the present invention, the rotary compression device comprises three rotary com

pressors which are connected in series and have a compression chamber in a body re

spectively, and the first refrigerant injection flow path and the second refrigerant

injection flow path respectively inject refrigerant to each of the spaces between the

three rotary compressors.

In the present invention, the expansion device comprises a first expansion device

which is disposed between the condenser and the first refrigerant injection flow path

and a second expansion device which is disposed between the second refrigerant

injection flow path and the evaporator, and the first refrigerant injection flow path is

connected between the first expansion device and the second expansion device, and the

second refrigerant injection flow path is connected between the first refrigerant

injection flow path and the second expansion device.



[16] In the present invention, any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises a phase separator which separates re

frigerant expanded at the expansion device into liquid refrigerant and vapor refrigerant.

[17] In the present invention, any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises an internal heat exchanger which

exchanges heat of refrigerant expanded at the expansion device and a refrigerant

control valve which throttles refrigerant passed through the internal heat exchanger.

[18] In the present invention, the internal heat exchanger comprises a first refrigerant pipe

and a second refrigerant pipe which is formed to surround the first refrigerant pipe, and

any one of the refrigerant flowing from the expansion device to the evaporator and the

refrigerant injecting into a plurality of compression chambers passes through the first

refrigerant pipe and the other refrigerant of those passes through the second refrigerant

pipe.

[19] In the present invention, the first refrigerant injection flow path comprises a phase

separator which separates refrigerant expanded at the expansion device into liquid re

frigerant and vapor refrigerant, and the second refrigerant injection flow path

comprises an internal heat exchanger which exchanges heat of refrigerant passed

through the phase separator.

[20] In the present invention, the first refrigerant injection flow path comprises a first heat

exchanger which exchanges heat of the refrigerant flowing from the expansion device

to the evaporator for heat of the refrigerant bypassed from the expansion device to the

first refrigerant injection flow path, and a first refrigerant control valve which throttles

the refrigerant passing through the first refrigerant injection flow path; and the second

refrigerant injection flow path comprises a second heat exchanger which exchanges

heat of the refrigerant flowing from the expansion device to the evaporator for heat of

the refrigerant bypassed from the expansion device to the second refrigerant injection

flow path, and a second refrigerant control valve which throttles the refrigerant passing

through the second refrigerant injection flow path; and the first heat exchanger and the

second heat exchanger are formed to one unit.

[21] In the present invention, the heat pump further comprises a triple pipe heat exchanger

which is disposed at the space between the first expansion device and the second

expansion device and comprises a first refrigerant pipe forming the first refrigerant

injection flow path and a second refrigerant pipe surrounding the first refrigerant pipe

and forming a passage which the refrigerant expanded at the first expansion device

passes through and a third refrigerant pipe surrounding the second refrigerant pipe and

forming the second refrigerant injection flow path.

[22] In the present invention, any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises a phase separator which separates the



refrigerant expanded at the expansion device into the liquid refrigerant and the vapor

refrigerant, and the other of the first refrigerant injection flow path and the second re

frigerant injection flow path comprises an internal heat exchanger which is disposed

inside of the phase separator and absorbs the heat generated from the inside of the

phase separator.

[23] In the present invention, each of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises a first refrigerant control valve and a

second refrigerant control valve respectively which throttles the refrigerant injected

into the rotary compression device, and the heat pump further comprises a controller

which controls opening degree of the first refrigerant control valve and the second re

frigerant control valve.

[24] In the present invention, if the heat pump is started, the controller controls that the

expansion device is started and the first refrigerant control valve and the second re

frigerant control valve are closed, and then, if the start control of the expansion device

is finished and the refrigerant injection is demanded, the controller controls that the

first refrigerant control valve and the second refrigerant control valve are started to be

opened.

[25] In the present invention, the controller controls that at least any one of the first re

frigerant control valve and the second refrigerant control valve is selectively opened

according to the demand load of the heat pump.

[26] In the present invention, the controller controls that the first refrigerant control valve

and the second refrigerant control valve is opened in sequence according to the

demand load of the heat pump.

[27] In the present invention, the heat pump further comprises a controller which controls

that the opening degree of the second expansion device is larger than or equal to the

opening degree of the first expansion device.

[28] In the present invention, the heat pump further comprises a water heater which uses

the water heated by the condenser.

[29] In the present invention, the heat pump further comprises a heater which uses the

water heated by the condenser.

[30] In another aspect of the present invention, there is provided a heat pump comprising:

a main circuit which comprises a rotary compression device including a plurality of

compression chambers and a condenser for condensing refrigerant passed through the

rotary compressor and an expansion device for expanding refrigerant passed through

the condenser and an evaporator for evaporating refrigerant expanded in the expansion

device; a water heater which uses water heated by the condenser; a heater which uses

water heated by the condenser; a first refrigerant injection flow path which is bypassed

at the space between the condenser and the evaporator and injects refrigerant to one of



the plurality of compression chambers; and a second refrigerant injection flow path

which is bypassed at the space between the condenser and the evaporator and injects

refrigerant to the other of the plurality of compression chambers.

Advantageous Effects of Invention
[31] As described above, a heat pump according to the present invention comprises a

plurality of the compression chambers, and compresses refrigerant with multistage, and

injects vapor refrigerant into the space between the plurality of the compression

chambers by using the first refrigerant injection flow path and the second refrigerant

injection flow path. Performance and efficiency of the heat pump can be improved

compared with non-injection, as flow rate of the refrigerant circulating the indoor heat

exchanger is increased. Thus heating performance can be improved also in the

extremely cold environmental condition such as the cold area by increasing the

injection flow rate.

[32] Also, because the heat pump according to the present invention comprises the first

refrigerant injection flow path and the second refrigerant injection flow path, re

frigerant is injected twice. Thus, as the injection flow rate of the refrigerant is

increased, heating capacity can be improved.

[33] Also, the difference between the suction pressure and the discharge pressure of the

rotary compressor may be decreased, and thus the reliability and the performance of

the rotary compressor can be improved.

[34] Also, by performing a multistage compression, a compression ratio is increased and

the discharge temperature of the rotary compression device falls. It is possible to

increase the heating performance without limitation of the discharge temperature.

[35] Also, the size of the outdoor unit can be reduced by simplifying the structure of the

rotary compression device.

[36] Also, the size of a heat pump system can be reduced by simplifying the structure of

the refrigerant injection,

Brief Description of Drawings
[37] FIG. 1 is a schematic diagram illustrating the configuration of an air conditioner

according to a first exemplary embodiment of the present invention.

[38] FIG. 2 is a section view illustrating inside of an internal heat exchanger shown in

FIG.l.

[39] FIG. 3 is a block diagram illustrating the control flow of the air conditioner shown in

FIG. 1.

[40] FIG. 4 is a schematic diagram illustrating the condition that a first refrigerant control

valve is opened and a second refrigerant control valve is closed in the air conditioner

shown in FIG.l.



[41] FIG. 5 is a schematic diagram illustrating the condition that a first refrigerant control

valve and a second refrigerant control valve are opened in the air conditioner shown in

FIG.l.
[42] FIG. 6 is the mollier diagram(p-h diagram) illustrating the refrigeration cycle of the

air conditioner shown in FIG. 1.

[43] FIG. 7 is a schematic diagram illustrating the configuration of an air conditioner

according to the second exemplary embodiment of the present invention.

[44] FIG. 8 is a schematic diagram illustrating the configuration of an air conditioner

according to a third exemplary embodiment of the present invention.

[45] FIG. 9 is a schematic diagram illustrating the configuration of an air conditioner

according to a fourth exemplary embodiment of the present invention.

[46] FIG. 10 is a schematic diagram illustrating the configuration of an air conditioner

according to a fifth exemplary embodiment of the present invention.

[47] FIG. 11 is a schematic diagram illustrating the configuration of an air conditioner

according to a sixth exemplary embodiment of the present invention.

[48] FIG. 12 is a section view illustrating a triple pipe heat exchanger shown in FIG. 11.

[49] FIG. 13 is a schematic diagram illustrating the configuration of an air conditioner

according to a seventh exemplary embodiment of the present invention.

[50]

Best Mode for Carrying out the Invention
[51] Advantages and features of the present invention, and implementation methods

thereof will be clarified through following embodiments described with reference to

the accompanying drawings.

[52] The present invention will hereinafter be described in detail with reference to the ac

companying drawings in which exemplary embodiments of the invention are shown. A

heat pump according to an exemplary embodiment of the present invention will

hereinafter be described in detail, taking an air conditioner as an example.

[53]

[54] FIG. 1 is a schematic diagram illustrating a configuration of an air conditioner 100

according to a first exemplary embodiment of the present invention.

[55] Referring to FIG.l, an air conditioner 100 comprises a main circuit, which comprises

a rotary compression device 10 and a condenser 20 for condensing refrigerant passed

through the rotary compression device 10 and a first expansion device 30 for

expanding refrigerant passed through the condenser 20 and a second expansion device

40 for expanding refrigerant passed through the first expansion device 30 and an

evaporator 70 for evaporating refrigerant expanded in the second expansion device 40,

and a first refrigerant injection flow path 52 which is bypassed from a space between



the condenser 20 and the evaporator 70 and is connected to one of a plurality of the

rotary compression chambers for injecting refrigerant, and a second refrigerant

injection flow path 62 which is bypassed from a space between the condenser 20 and

the evaporator 70 and is connected to the other of a plurality of the rotary compression

chambers for injecting refrigerant.

[56] The first expansion device 30 is a first expansion valve 30, which is disposed at a

fourth refrigerant circulation flow path 24 stated later and throttles liquid refrigerant

flowing into the inside from the condenser 20.

[57] The second expansion device 40 is a second expansion valve 40, which is disposed at

a sixth refrigerant circulation flow path 26 stated later and throttles liquid refrigerant

flowing into the inside from the second refrigerant injection flow path 62.

[58] The rotary compression device 10 compresses low temperature/low pressure re

frigerant into high temperature/high pressure refrigerant. The rotary compression

device 10 is a rotary compressor includes a plurality of compression chamber.

[59] In the exemplary embodiment of the present invention, the rotary compression device

10 comprises a two-stage rotary compressor 13, which has a low pressure compression

chamber 11 and a high pressure compression chamber 12 in a body, and a one-stage

rotary compressor 15, which has a compression chamber 14 in a body and connects

with the two-stage rotary compressor 13 in series. In the exemplary embodiment of the

present invention, it is stated that the one-stage rotary compressor 15 connects to a

discharge port of the two-stage rotary compressor 13, but it is also possible that the

two-stage rotary compressor 13 connects to a discharge port of the one-stage rotary

compressor 15.

[60] The discharge port of the two-stage rotary compressor 13 is connected to the one-

stage rotary compressor 15 by a first refrigerant circulation flow path 21.

[61] The two-stage rotary compressor 13 compresses both the refrigerant flowed from the

inside via the second refrigerant injection flow path 62 and the refrigerant flowed from

the evaporator 70. And the one-stage rotary compressor 15 compresses the refrigerant

which the refrigerant passing through the two-stage rotary compressor 13 and the re

frigerant injected from the first refrigerant injection flow path 52 are combined into.

[62] The condenser 20 is an indoor heat exchanger which is disposed in the indoor and

exchanges heat of air and refrigerant. A second refrigerant circulation flow path 22

connects an intake port of the condenser 20 and a discharge port of the one-stage rotary

compressor 15.

[63] The evaporator 70 is an outdoor heat exchanger which is disposed in the outdoor and

exchanges heat of air and refrigerant. A third refrigerant circulation flow path 23

connects an intake port of the rotary compressor 13 and the evaporator 70.

[64] Any one of the first refrigerant injection flow path 52 and the second refrigerant



injection flow path 62 may comprise a phase separator 5 1 which is disposed between

the first expansion valve 30 and the second expansion valve 40 and separates the re

frigerant expanded at the first expansion valve 30 into liquid refrigerant and vapor re

frigerant.

[65] The other of the first refrigerant injection flow path 52 and the second refrigerant

injection flow path 62 may comprise an internal heat exchanger 6 1 which is disposed

between the first expansion valve 30 and the second expansion valve 40 and exchanges

heat of the refrigerant discharged from the first expansion valve 30.

[66] In the exemplary embodiment of the present invention, it is stated that the first re

frigerant injection flow path 52 is the phase separator 52. Also, it is stated that the

second refrigerant injection flow path 62 comprises the internal heat exchanger 61.

[67] The phase separator 5 1 stores refrigerant temporarily, and separates the stored re

frigerant into liquid refrigerant and vapor refrigerant, and then discharges only liquid

refrigerant to the outside.

[68] The intake port of the phase separator 5 1 is connected to a discharge port of the

condenser 20 and a fourth refrigerant circulation flow path 24. The discharge port of

the phase separator 5 1 is connected to the internal heat exchanger 6 1 and a fifth re

frigerant circulation flow path 25.

[69] The liquid refrigerant discharged from the phase separator 51 flows into the internal

heat exchanger 6 1 through the fifth refrigerant circulation flow path 25. The vapor re

frigerant discharged from the phase separator 51 flows in to the intake port of the one-

stage rotary compressor 15 through the first refrigerant injection flow path 52.

[70] The first refrigerant injection flow path 52 connects the phase separator 5 1 and the

first refrigerant circulation flow path 21, and guides the vapor refrigerant separated in

the phase separator 5 1 to the intake port of the one-stage rotary compressor 15.

[71] A first refrigerant control valve 53 is disposed at the first refrigerant injection flow

path 52, and throttles the refrigerant passing through the first refrigerant injection flow

path 52. The flow rate of injected refrigerant can be controlled according to an opening

degree of the first refrigerant control valve 53.

[72] A second refrigerant control valve 63 is disposed at the second refrigerant injection

flow path 62, and throttles refrigerant passing through the second refrigerant injection

flow path 62. The flow rate of injected refrigerant can be controlled according to an

opening degree of the second refrigerant control valve 63.

[73] It is possible that the second refrigerant control valve 63 is disposed before the intake

port or after the discharge port of the internal heat exchanger 61. In the exemplary em

bodiment of the present invention, it is stated that the second refrigerant control valve

63 is disposed before the intake port of the internal heat exchanger 6 1 and throttles re

frigerant before refrigerant exchanges heat in the internal heat exchanger.



[74] The second refrigerant injection flow path 62 is bypassed from the fifth refrigerant

circulation flow path 25 so that the refrigerant heat-exchanged in the internal heat

exchanger 6 1 is guided to the space between the first compression chamber 11 and the

second compression chamber 12.

[75] The internal heat exchanger 6 1 exchanges heat of the refrigerant passing through the

fifth refrigerant circulation flow path 25 with heat of the refrigerant passing through

the second refrigerant injection flow path 62. To achieve the heat exchange, it is

possible that the internal heat exchanger 6 1 may be a plate type heat exchanger or a

double pipe type heat exchanger.

[76]

[77] FIG. 2 is a section view illustrating inside of an internal heat exchanger shown in

FIG.l.

[78] Referring to FIG.2, the present invention describes that the internal heat exchanger

6 1 is a double pipe type heat exchanger which comprises a first refrigerant pipe 61a

and a second refrigerant pipe 61b formed to surround the first refrigerant pipe 61a. But,

it is also possible that the internal heat exchanger 6 1 may be a plate type heat

exchanger.

[79] The refrigerant of the second refrigerant injection flow path 62 may pass through any

one of the first refrigerant pipe 61a and the second refrigerant pipe 61b, and the re

frigerant of the fifth refrigerant circulation flow path 25 may pass through the other of

those.

[80] In the present invention, it describes that the refrigerant of the second refrigerant

injection flow path 62 passes through the first refrigerant pipe 61a and the refrigerant

of the fifth refrigerant circulation flow path 25 passes through the second refrigerant

pipe 61b.

[81] The discharge port of the internal heat exchanger 6 1 is connected to the intake port of

the evaporator 70 and the sixth refrigerant circulation flow path 26.

[82]

[83] FIG. 3 is a block diagram illustrating a control flow of the air conditioner shown in

FIG. 1.

[84] Referring to FIG. 3, the air conditioner 100 further comprises a controller 80 for con

trolling the overall operation.

[85] The controller 80 controls an opening degree of the first expansion valve 30 and the

second expansion valve 40 and the first refrigerant control valve 53 and the second re

frigerant control valve 63 according to the heating load of the air conditioner 100.

[86] In the beginning of the operation of the air conditioner 100, the controller 80 controls

that the first the first refrigerant control valve 53 and the second refrigerant control

valve 63 are closed and that the first expansion valve 30 and the second expansion



valve 40 are fully opened. At the beginning of the operation of the air conditioner 100,

it can be prevented that liquid refrigerant flows into the rotary compression device 10

by closing the first refrigerant control valve 53 and the second refrigerant control valve

63.

[87] Meanwhile, if the operation of the gas injection is demanded, it is possible that the

controller 80 controls that any one of the first refrigerant control valve 53 and the

second refrigerant control valve 63 may be opened selectively, or may be opened in

serial order, or may be opened simultaneously for quick reaction, according to the

heating load such as the outdoor temperature. The controller 80 can control the

opening degree of the first refrigerant control valve 53 and the second refrigerant

control valve 63 according to the heating load.

[88]

[89] FIG. 4 is a schematic diagram illustrating the condition that a first refrigerant control

valve is opened and a second refrigerant control valve is closed in the air conditioner

100 shown in FIG.l. FIG. 5 is a schematic diagram illustrating the condition that a first

refrigerant control valve and a second refrigerant control valve are opened in the air

conditioner 100 shown in FIG.l.

[90] If the air conditioner 100 is operated, the controller 80 controls the first expansion

valve 30 and the second expansion valve 40 to be fully opened.

[91] Meanwhile, the controller 80 controls that both the first refrigerant control valve 53

and the second refrigerant control valve 63 are closed. In the beginning of the

operation of the air conditioner 100, it is possible to prevent that liquid refrigerant

flows into the rotary compression device 10 through the first refrigerant injection flow

path 52 and the second refrigerant injection flow path 62. Therefore, it is able to

improve reliability by closing the first refrigerant control valve 53 and the second re

frigerant control valve 63 in the beginning of the operation of the air conditioner 100.

[92] If the operation of the rotary compression device 10 is started, the controller 80 may

controls the opening amount of the first expansion valve 30 and the second expansion

valve 40 according to the operation of the rotary compression device 10. At this time,

the controller 80 has to control that the opening amount of the second expansion valve

40 is larger than or equal to the opening amount of the first expansion valve 30.

[93] The controller 80 controls the degree of superheat for the refrigerant of the air con

ditioner 100 to be reached to the preset target degree of superheat. And the controller

also controls for the refrigerant to be reached to the preset intermediate pressure.

[94] The degree of superheat is the difference between the temperature of the refrigerant

sucked into the rotary compression device 10 and the saturation temperature with

respect to the evaporating pressure of the evaporator 70. The degree of superheat can

be measured by a sensor installed in the evaporator 70 or a sensor installed in the inlet



of the rotary compression device 10. Generally, the refrigerant passed through the

evaporator 70 does not include liquid refrigerant. But, if the load is suddenly changed,

the refrigerant may includes liquid refrigerant.

[95] In that case, if the liquid refrigerant flows into the rotary compression device 10, the

rotary compressor 10 may become damaged. To prevent the damage of the rotary

compressor 10, when the refrigerant passed through the evaporator 70 flows into the

rotary compression device 10, the temperature of the refrigerant has to rise so as to

eliminate liquid refrigerant. If the amount of refrigerant flowing into the evaporator 70

is decreased, all refrigerants may be evaporated before the refrigerant passes through

the evaporator 70. Vapor refrigerants are continuously heated, the degree of superheat

may be increased. Therefore, it can be prevented that the liquid refrigerant flows into

the two-stage rotary compressor 13.

[96] On the other hand, if the amount of the refrigerant flowing into the evaporator 70, the

degree of superheat may be decreased.

[97] Therefore, the controller 80 controls an opening amount of the second expansion

valve 40 installed between the phase separator 51 and the evaporator 70 so as to

control the degree of superheat.

[98] The intermediate pressure is a pressure of inside of the phase separator 51. The in

termediate pressure can be calculated from the temperature measured by the tem

perature sensor installed in the first refrigerant injection flow path 52. By adapting the

intermediate pressure to reach a preset intermediate pressure, the work of rotary com

pression device 10 can be reduced, thus the efficiency of the rotary compression device

10 may be increased. By adjusting the amount of the refrigerant supplied to the phase

separator 5 1 from the condenser 20, the intermediate pressure can be adjusted.

[99] Therefore, the controller 80 adjusts the opening amount of the first expansion valve

30 disposed between the phase separator 51 and the condenser 20 in order to adjust the

intermediate pressure.

[100] Meanwhile, if gas injection is demanded, the controller 80 may open any one of the

first refrigerant control valve 53 and the second refrigerant control valve 63.

[101] The controller 80 may selects and opens any one of the first refrigerant control valve

53 and the second refrigerant control valve 63 according to the heating load such as the

outdoor temperature.

[102] Referring to FIG. 4, if a heating load is below the preset load, the controller 80 may

open only the first refrigerant control valve 53 and may close the second refrigerant

control valve 63.

[103] If only the first refrigerant control valve 53 is opened, the vapor refrigerant separated

by the phase separator 51 flows into the intake port of the one-stage rotary compressor

15 through the first refrigerant flow path 52.



[104] The injected refrigerant and the refrigerant passed through the two-stage rotary

compressor 13 are mixed and then are compressed in the one-stage rotary compressor

15. The injected refrigerant is vapor refrigerant at the intermediate pressure. The vapor

refrigerant and the refrigerant passed through the two-stage rotary compressor 13 are

compressed in the one-stage rotary compressor. Therefore, the difference between the

suction pressure and the discharge pressure of the one-stage rotary compressor 15 may

be decreased, and thus the reliability of the rotary compressor can be increased. Also,

by injecting the refrigerant to the one-stage rotary compressor 15, a flow rate of the re

frigerant passing through the condenser 20 is increased and heating performance can

be improved.

[105] Also, the discharge temperature of the one-stage rotary compressor 14 becomes

lower, and then the temperature of the refrigerant which flows to the condenser 20

becomes lower, and then the heating performance may be improved.

[106] Meanwhile, the liquid refrigerant discharged from the phase separator 5 1 passes

through the internal heat exchanger 61. At this time, because the second refrigerant

control valve 63 is closed, the heat exchange is not performed in the inside of the

internal heat exchanger 61.

[107] Referring to FIG.5, if the heating load is continuously increased, the controller 80

may also open the second refrigerant control valve 63.

[108] If the second refrigerant control valve 63 is opened, the portion of the liquid re

frigerant discharged from the phase separator 51 is bypassed to the second refrigerant

injection flow path 62 and then is throttled in the second refrigerant control valve 63

and then flows into the internal heat exchanger 61. Because the temperature and the

pressure of the refrigerant throttled by the second refrigerant control valve 63 is

dropped, the temperature of the refrigerant throttled is lower than the temperature of

the refrigerant flowing in the fifth refrigerant circulation flow path 25.

[109] Therefore, in the internal heat exchanger 61, the refrigerant flowing in the second re

frigerant injection flow path 62 and the refrigerant flowing in the fifth refrigerant cir

culation flow path 25 can exchange the heat of the each. In the internal heat exchanger

61, the refrigerant flowing in the fifth refrigerant circulation flow path 25 lose the heat,

the refrigerant flowing in the second refrigerant injection flow path 62 absorbs the

heat.

[110] The refrigerant which has lost the heat in the internal heat exchanger 6 1 is throttled in

the second expansion valve 40 and then flows into the evaporator 70. The refrigerant in

the evaporator 70 is evaporated by heat exchange with ambient air, and the evaporated

refrigerant is introduced into the two-stage compressor 13.

[Ill] Meanwhile, at least some of the refrigerant which absorbs the heat in the internal heat

exchanger 6 1 is evaporated and becomes two phase refrigerant mixed liquid and vapor



or superheated vapor refrigerant or vapor refrigerant. The ratio of liquid refrigerant to

vapor refrigerant can be minimized by controlling the opening degree of the second re

frigerant control valve 63. The flow rate of the refrigerant injected from the internal

heat exchanger 6 1 is more than the flow rate of the refrigerant injected from the phase

separator 51. Total flow rate of the refrigerant injecting into the compressor is

increased, and thus the heating performance can be improved.

[112] The refrigerant flowed into the second refrigerant injection flow path 62 is injected

into the space between the low pressure compression chamber 11 and the high pressure

compression chamber 12.

[113] The injected refrigerant and the refrigerant coming from the low pressure com

pression chamber 11 are mixed and then compressed in the high pressure compression

chamber. Because the injected and compressed refrigerant is refrigerant at the in

termediate pressure, the difference between the suction pressure and the discharge

pressure of the high pressure compression chamber 12 can be decreased.

[114] As stated above, because refrigerant is injected twice through the first refrigerant

injection flow path 52 and the second refrigerant injection flow path 62, the flow rate

can be increased. The heating performance can be improved by an increase of flow

rate.

[115] Meanwhile, in the exemplary embodiment of the present invention, it describes that

the heat pump is an air conditioner. However, the present invention is not limited

thereto, the heat pump can be applied to a cooling and heating air conditioner

comprising a 4-way valve.

[116]

[117] FIG. 6 is a mollier diagram(p-h diagram) illustrating a refrigeration cycle of the air

conditioner 100 shown in FIG.l.

[118] Referring to FIG. 1 and FIG. 6, the refrigerant of low pressure at 'a' point, is once

compressed in the low pressure compression chamber 11 of the two-stage rotary

compressor, the compressed refrigerant becomes the refrigerant of high temperature

and high pressure at 'b' point.

[119] The refrigerant (at 'b' point) compressed in the low pressure compression chamber 11

is mixed with the refrigerant (at 'n' point) injected through the second refrigerant

injection flow path 62. The mixed refrigerant (at 'c' point) is compressed again in the

high pressure compression chamber 12. At this time, as shown in Fig.6, the refrigerant

injecting through the second refrigerant injection flow path 62 may be a wet vapor

condition such as a two-phase refrigerant which mixed a liquid refrigerant with a vapor

refrigerant or a superheated vapor or a vapor refrigerant.

[120] The refrigerant (at 'd' point) compressed in the high pressure compression chamber

12 is mixed with the refrigerant (at T point) injected through the first refrigerant



injection flow path 52, and the mixed refrigerant (at 'e' point) is compressed in the

compression chamber 14 of the second rotary compressor 15. The third compression is

performed in the compression chamber. The compressed refrigerant is shown at 'f

point of FIG.6.

[121] The compressed refrigerant (at 'f point) is condensed in the condenser 20 and

becomes a liquid refrigerant (at 'g' point). The liquid refrigerant is expanded in the first

expansion valve 30. The expanded refrigerant (at 'h' point) is a mixed condition which

mixed a liquid and vapor. The expanded refrigerant (at 'h' point) is separated into a

liquid and a vapor in the phase separator 51. The saturated vapor refrigerant (at T

point) separated by the phase separator 5 1 is injected. The portion of the liquid re

frigerant (at point) separated by the phase separator 51 passes through the internal

heat exchanger 6 1 and becomes a liquid refrigerant (at j ' point), and the rest of the

liquid refrigerant absorbs heat from the internal heat exchanger 6 1 and becomes a wet

vapor refrigerant (at'm' point).

[122] The liquid refrigerant (at j ' point) is expanded in the second expansion valve 40 and

becomes a low temperature and low pressure condition.

[123] Referring to FIG. 6, a discharge temperature(T_f) of compressor measured in a case

that refrigerant is compressed three times in the rotary compression device 10 is

lower than a discharge temperature(T_f of compressor measured in a case that re

frigerant is once compressed. Therefore, a reliability can be improved.

[124]

[125] FIG. 7 is a schematic diagram illustrating a configuration of an air conditioner

according to a second exemplary embodiment of the present invention.

[126] Referring to FIG.7, an air conditioner according to a second exemplary embodiment

of the present invention comprises a rotary compression device 100 which has three

compression chambers such as a first compression chamber 101 and the second com

pression chamber 102 and the third compression chamber 103 formed in a body.

Detailed description about the same elements as the first exemplary embodiment is

skipped. A same number in figures indicates the same element.

[127] The first refrigerant injection flow path 52 is connected between the second com

pression chamber 102 and the third compression chamber 103. The second refrigerant

injection flow path 62 is connected between the first compression chamber 101 and the

second compression chamber 102.

[128] Therefore, in the second compression chamber 102, the injected refrigerant passed

through the internal heat exchanger 6 1 and the discharged refrigerant passed through

the first compression chamber 101 are mixed and compressed. Also, in the third com

pression chamber 103, the injected vapor refrigerant passed through the phase

separator 5 1 and the discharged refrigerant passed through the second compression



chamber 102 are mixed and compressed.

[129] As stated above, the rotary compression device 100 comprises three compression

chambers in a body, and the refrigerant may be injected into each compression

chamber. Thus, a heating performance can be improved also in cold area, and the size

of the outdoor unit can be reduced by simplifying the structure of the rotary com

pression device 100.

[130]

[131] FIG. 8 is a schematic diagram illustrating a configuration of an air conditioner

according to a third exemplary embodiment of the present invention.

[132] Referring to FIG. 8, an air conditioner according to a third exemplary embodiment of

the present invention comprises a rotary compression device 110 comprising three one-

stage rotary compressors which are connected in series and has a compression chamber

in a body. Detailed description about the same elements as the first exemplary em

bodiment is skipped. A same number in figures indicates the same element.

[133] The rotary compression device 110 comprises three one-stage rotary compressors

that a first rotary compressor 111 and the second rotary compressor 112 and the third

rotary compressor 113 are connected in series.

[134] The first refrigerant injection flow path 52 is connected between the second rotary

compressor 112 and the third rotary compressor. The second refrigerant injection flow

path 62 is connected between the first rotary compressor 111 and the second rotary

compressor 112.

[135] Therefore, in the second rotary compressor 112, the injected refrigerant passed

through the internal heat exchanger 6 1 and the discharged refrigerant passed through

the first rotary compressor 111 are mixed and compressed. Also, in the third rotary

compressor, the injected vapor refrigerant passed through the phase separator 5 1 and

the discharged refrigerant passed through the second rotary compressor 112 are mixed

and compressed.

[136]

[137] FIG. 9 is a schematic diagram illustrating a configuration of an air conditioner

according to a fourth exemplary embodiment of the present invention.

[138] Referring to FIG. 9, an air conditioner 1 according to the fourth exemplary em

bodiment of the present invention comprises a rotary compression device 120, which

comprises a two-stage rotary compressor including a low pressure compression

chamber 121 and a high pressure compression chamber 122 and a one-stage rotary

compressor including a compression chamber 124, and a first injection device 200,

which comprises a phase separator 201 and a first refrigerant injection flow path 202

bypassed from the phase separator 201 and connected to a intake port of the one-stage

rotary compressor 125, and a second injection device 210, which comprises a internal



heat exchanger 211 disposed at the inside of the phase separator 201 for absorbing a

heat generated by the phase separator 201 and a second refrigerant injection flow path

212 connected between the low pressure chamber 121 and the high pressure chamber

122 from the internal heat exchanger 211.

[139] Detailed description about the same elements as the first exemplary embodiment is

skipped. A same number in figures indicates the same element.

[140] A first refrigerant control valve 203 is disposed at the first refrigerant injection flow

path 202 so as to throttle the refrigerant being injected.

[141] A second refrigerant control valve 213 is disposed at the second refrigerant injection

flow path 212 so as to throttle the refrigerant being injected.

[142] The phase separator 201 and the internal heat exchanger 211 are formed in a body so

that a structure of air conditioner can be simplified. Also, a heat generated from the

inside of the phase separator 201 can be useful.

[143]

[144] FIG. 10 is a schematic diagram illustrating a configuration of an air conditioner

according to a fifth exemplary embodiment of the present invention.

[145] Referring to FIG. 10, an air conditioner according to the fifth exemplary embodiment

of the present invention comprises a two-stage rotary compressor 133, which includes

a low pressure compression chamber 131 and a high pressure compression chamber

132, and a one-stage rotary compressor 135, which includes a compression chamber

134, and a third heat exchanger 137, which is disposed at the refrigerant circulation

flow path 136 connecting the first expansion valve 30 and the second expansion valve

40.

[146] A first refrigerant injection flow path 221 comprises a first heat exchanger 222,

which is disposed at the first refrigerant injection flow path 221 for exchanging a heat

of the refrigerant passing through the first refrigerant injection flow path 221 and a

heat of the refrigerant passing through the refrigerant circulation flow path 136, and a

first refrigerant control valve 223 for throttling the refrigerant passing through the first

refrigerant injection flow path 221.

[147] A second refrigerant injection flow path 231 comprises a second heat exchanger 232,

which is disposed at the second refrigerant injection flow path 231 for exchanging heat

of the refrigerant passing through the second refrigerant injection flow path 231 and

heat of the refrigerant passing through the third heat exchanger 137, and a second re

frigerant control valve 233 for throttling the refrigerant passing through the second re

frigerant injection flow path 231.

[148] The first heat exchanger 222 and the second heat exchanger 232 and the third heat

exchanger 137 are respectively in the shape of a plate. The first heat exchanger 222

and the second heat exchanger 232 and the third heat exchanger 137 are formed in a



body. The first heat exchanger 222 is disposed at the one side of the third heat

exchanger 137, and the second heat exchanger 232 is disposed at the other side of the

third heat exchanger 137.

[149] Because three heat exchangers of plate type are disposed side by side, a structure can

be simplified.

[150]

[151] FIG. 11 is a schematic diagram illustrating a configuration of an air conditioner

according to a sixth exemplary embodiment of the present invention. FIG. 12 is a

section view illustrating a triple pipe heat exchanger shown in FIG. 11.

[152] Referring to FIG. 11 and FIG. 12, an air conditioner according to the sixth exemplary

embodiment of the present invention comprises a triple pipe heat exchanger 250 which

is disposed at the space between the first expansion device 30 and the second

expansion device 40. Detailed description about the same elements as the fifth

exemplary embodiment is skipped. A same number in figures indicates the same

element.

[153] The triple pipe heat exchanger 250 comprises a first refrigerant pipe 251 forming the

first refrigerant injection flow path 221, and a second refrigerant pipe 252 surrounding

the first refrigerant pipe 251 and introducing refrigerant passed through the first

expansion device 30, and a third refrigerant pipe 253 surrounding the second re

frigerant pipe 252 and forming the second refrigerant injection flow path 231.

[154] As stated above, by using the triple pipe heat exchanger 250 comprising the first re

frigerant pipe 251 and the second refrigerant pipe 252 and the third refrigerant pipe

253, a structure of the air conditioner can be simplified.

[155]

[156] FIG. 13 is a schematic diagram illustrating a configuration of an air conditioner

according to a seventh exemplary embodiment of the present invention.

[157] Referring to FIG. 13, a heat pump according to the seventh exemplary embodiment

of the present invention comprises an air conditioner 100, and a water heater 300

which uses water heated by the condenser 20 for heating the water, and a heater 400

which uses water heated by the condenser 20 for heating the floor. Detailed description

about the same elements as the first exemplary embodiment is skipped. A same

number in figures indicates the same element.

[158] The water heater 300 and the heater 400 are connected to the condenser 20 by a hot

water circulation flow path 301. The hot water circulation flow path 301 connects the

condenser 20 and the water heater 300 and the heater 400 so that hot water heated by

the condenser passes through any one of the water heater 300 and the heater 400 and

then returns to the condenser 20.

[159] The hot water circulation flow path 301 comprises an indoor unit pipe 302 which is



disposed in the inside of the air conditioner 100, and a water heater pipe 303 for in

troducing a hot water to the water heater 300, and a heater pipe 304 for introducing a

hot water to the heater 400, and a connection pipe 305 for connecting the indoor unit

pipe 302 to the water heater pipe 303 and the heater pipe 304.

[160] A hot water control valve 306 is installed at the connection pipe 305 for introducing

a hot water to any one of the water heater pipe 303 and the heater pipe 304. The water

heater 300 is a device for supplying a hot water needed to wash and bath or dish

washing. The water heater 300 comprises a hot water tank 310 for storing water and a

sub heater 312 installed in the hot water tank 310.

[161] The hot water tank 310 is connected with a cold water inlet 314 for introducing cold

water to the hot water tank 310 and a hot water outlet 316 for discharging hot water.

[162] The hot water outlet 316 may be connected with a hot water discharge apparatus 318

such as a shower. The hot water outlet 316 may be connected with the cold water inlet

320 so as to discharge cold water to the hot water discharge apparatus 318.

[163] The heater 400 comprises a floor heater 410 for heating a floor in the room and an air

heater 412 for heating an air in the room.

[164] The floor heater 410 may be laid under the floor by the meander line.

[165] The air heater 412 may comprise a fan coil unit or a radiator.

[166] A hot water control valve for heating 4 11/421 may be installed at the heater pipe 304

for introducing the hot water to any one of the floor heater 410 and the air heater 420.

[167] The floor heater 410 is connected to the hot water control valve for heating 411 and

the floor heating pipe 412, and the air heater 420 is connected to the hot water control

valve for heating 421 and the air heating pipe 422.

[168] If the hot water control valve 306 is controlled with a heating mode, the water heated

by the condenser 30 passes through the indoor pipe 302 and the connection pipe 305 in

order, and heats any one of the floor heater 410 and the air heater 420, and passes

through the heater pipe 304 and the connection pipe 305 and the indoor pipe 302 in

order, and then is returned to the condenser 20.

[169] If the hot water control valve for heating 4 11/412 is controlled with a air heating

mode, hot water passes through the air heating pipe 422 and the air heater 420 and air

heating pipe 422 in order, and is discharged to the heating pipe 304. Meanwhile, if it is

controlled with a floor heating mode, hot water passes through the floor heating pipe

412 and the floor heater 411 and the floor heating pipe 412 in order, and is discharged

to the heating pipe 304.

[170] In case the heat pump comprises the water heater 300 and the heater 400, the re

frigerant is also injected through the first refrigerant injection flow path 52 and the

second injection flow path 62. Therefore, by injecting refrigerant, a flow rate of the re

frigerant can be increased and a performance of the water heating and the heating can



be improved.

[171]

[172] Although the present invention has been described with reference to the em

bodiments shown in the drawings, these are merely illustrative, and those skilled in the

art will understand that various modifications and equivalent other embodiments of the

present invention are possible. Consequently, the true technical protective scope of the

present invention must be determined based on the technical spirit of the appended

claims.
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Claims
1. A heat pump comprising:

a main circuit which comprises a rotary compression device having a

plurality of compression chambers and a condenser for condensing re

frigerant passed through the rotary compression device and an

expansion device for throttling refrigerant passed through the

condenser and an evaporator for evaporating refrigerant expanded by

the expansion device;

a first refrigerant injection flow path which is bypassed at the space

between the condenser and the evaporator and injects refrigerant to one

of the plurality of compression chambers; and

a second refrigerant injection flow path which is bypassed at the space

between the condenser and the evaporator and injects refrigerant to the

other of the plurality of compression chambers.

The heat pump of claim 1,

wherein, the rotary compression device comprises a rotary compressor

which has a plurality of compression chambers formed in a body,

and each of the first refrigerant injection flow path and the second re

frigerant injection flow path injects refrigerant to the spaces between

the plurality of compression chambers.

The heat pump of claim 1,

wherein the rotary compression device comprises a first rotary

compressor which has a low pressure compression chamber and a high

pressure compression chamber in a body and a second rotary

compressor which has a compression chamber in a body,

and one of the first refrigerant injection flow path and the second re

frigerant injection flow path injects refrigerant to the space between a

low pressure compression chamber and a high pressure compression

chamber,

and the other of the first refrigerant injection flow path and the second

refrigerant injection flow path injects refrigerant to the compression

chamber of the second rotary compressor.

The heat pump of claim 1,

wherein the rotary compression device comprises three rotary com

pressors which are connected in series and have a compression

chamber in a body respectively,

and the first refrigerant injection flow path and the second refrigerant
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injection flow path respectively inject refrigerant to each of the spaces

between the three rotary compressors.

[Claim 5] The heat pump of claim 1,

wherein the expansion device comprises a first expansion device which

is disposed between the condenser and the first refrigerant injection

flow path and a second expansion device which is disposed between the

second refrigerant injection flow path and the evaporator,

and the first refrigerant injection flow path is connected between the

first expansion device and the second expansion device,

and the second refrigerant injection flow path is connected between the

first refrigerant injection flow path and the second expansion device.

[Claim 6] The heat pump of claim 1,

wherein any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises a phase separator

which separates refrigerant expanded at the expansion device into

liquid refrigerant and vapor refrigerant.

[Claim 7] The heat pump of claim 1,

wherein any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises an internal heat

exchanger which exchanges heat of refrigerant expanded at the

expansion device and a refrigerant control valve which throttles re

frigerant passed through the internal heat exchanger.

[Claim 8] The heat pump of claim 7,

wherein the internal heat exchanger comprises a first refrigerant pipe

and a second refrigerant pipe which is formed to surround the first re

frigerant pipe,

and any one of the refrigerant flowing from the expansion device to the

evaporator and the refrigerant injecting into a plurality of compression

chambers passes through the first refrigerant pipe and the other re

frigerant of those passes through the second refrigerant pipe.

[Claim 9] The heat pump of claim 1,

wherein the first refrigerant injection flow path comprises a phase

separator which separates refrigerant expanded at the expansion device

into liquid refrigerant and vapor refrigerant,

and the second refrigerant injection flow path comprises an internal

heat exchanger which exchanges heat of refrigerant passed through the

phase separator.

[Claim 10] The heat pump of claim 1,
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wherein the first refrigerant injection flow path comprises a first heat

exchanger which exchanges heat of the refrigerant flowing from the

expansion device to the evaporator for heat of the refrigerant bypassed

from the expansion device to the first refrigerant injection flow path,

and a first refrigerant control valve which throttles the refrigerant

passing through the first refrigerant injection flow path;

and the second refrigerant injection flow path comprises a second heat

exchanger which exchanges heat of the refrigerant flowing from the

expansion device to the evaporator for heat of the refrigerant bypassed

from the expansion device to the second refrigerant injection flow path,

and a second refrigerant control valve which throttles the refrigerant

passing through the second refrigerant injection flow path;

and the first heat exchanger and the second heat exchanger are formed

to one unit.

[Claim 11] The heat pump of claim 5,

further comprising a triple pipe heat exchanger which is disposed at the

space between the first expansion device and the second expansion

device and comprises a first refrigerant pipe forming the first re

frigerant injection flow path and a second refrigerant pipe surrounding

the first refrigerant pipe and forming a passage which the refrigerant

expanded at the first expansion device passes through and a third re

frigerant pipe surrounding the second refrigerant pipe and forming the

second refrigerant injection flow path.

[Claim 12] The heat pump of claim 1,

wherein any one of the first refrigerant injection flow path and the

second refrigerant injection flow path comprises a phase separator

which separates the refrigerant expanded at the expansion device into

the liquid refrigerant and the vapor refrigerant,

and the other of the first refrigerant injection flow path and the second

refrigerant injection flow path comprises an internal heat exchanger

which is disposed inside of the phase separator and absorbs the heat

generated from the inside of the phase separator.

[Claim 13] The heat pump of claim 1,

wherein, each of the first refrigerant injection flow path and the second

refrigerant injection flow path comprises a first refrigerant control

valve and a second refrigerant control valve respectively which

throttles the refrigerant injected into the rotary compression device,

and the heat pump further comprises a controller which controls
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opening amount of the first refrigerant control valve and the second re

frigerant control valve.

The heat pump of claim 13,

wherein if the heat pump is started, the controller controls that the

expansion device is started and the first refrigerant control valve and

the second refrigerant control valve are closed,

and then, if the start control of the expansion device is finished and the

refrigerant injection is demanded, the controller controls that the first

refrigerant control valve and the second refrigerant control valve are

started to be opened.

The heat pump of claim 13,

wherein the controller controls that at least any one of the first re

frigerant control valve and the second refrigerant control valve is se

lectively opened according to the demand load of the heat pump.

The heat pump of claim 13,

wherein the controller controls that the first refrigerant control valve

and the second refrigerant control valve is opened in sequence

according to the demand load of the heat pump.

The heat pump of claim 5,

further comprising a controller which controls that the opening degree

of the second expansion device is larger than or equal to the opening

degree of the first expansion device.

The heat pump of claim 1,

further comprising a water heater which uses the water heated by the

condenser.

The heat pump of claim 1,

further comprising a heater which uses the water heated by the

condenser.

A heat pump comprising:

a main circuit which comprises a rotary compression device including a

plurality of compression chambers and a condenser for condensing re

frigerant passed through the rotary compressor and an expansion device

for expanding refrigerant passed through the condenser and an

evaporator for evaporating refrigerant expanded in the expansion

device;

a water heater which uses water heated by the condenser;

a heater which uses water heated by the condenser;

a first refrigerant injection flow path which is bypassed at the space
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between the condenser and the evaporator and injects refrigerant to one

of the plurality of compression chambers; and

a second refrigerant injection flow path which is bypassed at the space

between the condenser and the evaporator and injects refrigerant to the

other of the plurality of compression chambers.
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