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(57) Abrege/Abstract:

Provided Is a compressor, an air conditioner system comprising the compressor and a heat pump water heater system. The
compressor comprises. a low-pressure compression component, a medium-pressure chamber, a low-pressure chamber gas
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(57) Abrege(suite)/Abstract(continued):

discharge passageway, an enthalpy Increasing component, a high-pressure compression component, a medium-pressure gas
passageway and a high-pressure chamber gas discharge passageway. The medium-pressure gas passageway comprises a
passageway section at the side toward the low-pressure chamber gas discharge passageway and a passageway section at the
side toward the high- pressure chamber gas suction passageway, wherein a ratio between a minimum cross sectional area of the
passageway section at the side toward the low-pressure chamber gas discharge passageway and a minimum cross sectional area
of the passageway section at the side toward the high-pressure chamber gas suction passageway Is ranged from 1.4 to 4. |In the
compressor, the pressure fluctuation and the flow velocity fluctuation of the refrigerant are relatively smaller, which can improve the
first-stage gas discharge plumpness and the second-stage gas suction plumpness, and increase the gas replenishment volume,
thereby improving the working efficiency and the energy efficiency ratio of the compressor, and reducing the energy consumption.
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ABSTRACT

Provided is a compressor, an air conditioner system comprising the compressor and a heat
pump water heater system. The compressor comprises: a low-pressure compression component, a
medium-pressure chamber, a low-pressure chamber gas discharge passageway, an enthalpy-
increasing component, a high-pressure compression component, a medium-pressure gas
passageway and a high-pressure chamber gas discharge passageway. The medium-pressure gas
passageway comprises a passageway section at the side toward the low-pressure chamber gas
discharge passageway and a passageway section at the side toward the high-pressure chamber
gas suction passageway, wherein a ratio between a minimum cross sectional area of the
passageway section at the side toward the low-pressure chamber gas discharge passageway and a
minimum cross sectional area of the passageway section at the side toward the high-pressure
chamber gas suction passageway 1s ranged from 1.4 to 4. In the compressor, the pressure
fluctuation and the tlow velocity fluctuation of the refrigerant are relatively smaller, which can
improve the first-stage gas discharge plumpness and the second-stage gas suction plumpness,
and increase the gas replenishment volume, thereby improving the working efficiency and the

energy efficiency ratio of the compressor, and reducing the energy consumption.
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COMPRESSOR, AIR CONDITIONER SYSTEM COMPRISING THE
COMPRESSOR AND HEAT PUMP WATER HEATER SYSTEM

TECHNICAL FIELD

The present disclosure relates to the field of air conditioner and heat pump, more
particularly, to a compressor, an air conditioner system comprising the compressor and a heat

pump water heater system comprising the compressor.

BACKGROUND OF THE INVENTION

- In the prior art, after the two-staged enthalpy-increasing compressor with two rotors
increases enthalpy through replenishing gas, the pressure and the flow velocity of the refrigerant
in different sections of the medium-pressure gas passageway are different, whereas the cross
sectional areas of different sections of the medium-pressure gas passageway are the same.
Consequently, the flow velocity fluctuation between the gas discharge of the low-pressure
compression component and the gas suction of the high-pressure compression component is
greater, which will affect the discharge plumpness and the suction plumpness of the compressor,
and accordingly, will reduce the working efficiency and the energy efficiency ratio of the

compressor, and increase the energy consumption.

SUMMARY OF THE INVENTION

The present disclosure aims at providing a compressor which can increase the working
efficiency and the energy efficiency ratio of the compressor, and reduce the energy consumption.
The present disclosure further provides an air conditioner system comprising the compressor,

and a heat pump water heater system comprising the compressor.

The present disclosure provides a compressor, comprising: a low-pressure compression

component having a low-pressure chamber, configured to take 1n refrigerant and compress the
refrigerant to form first medium-pressure refrigerant; a medium-pressure chamber; a low-
pressure chamber gas discharge passageway, through which the first medium-pressure refrigerant
from said low-pressure compression component is discharged into the medium-pressure
chamber; an enthalpy-increasing component, configured to convey second medium-pressure

refrigerant into the medium-pressure chamber, the second medium-pressure refrigerant and the

1
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first medium-pressure refrigerant being mixed to form mixed medium-pressure refrigerant in the
medium-pressure chamber; a high-pressure compression component including a high-pressure
chamber, configured to take in the mixed medium-pressure refrigerant and compress the mixed
-medium-pressure refrigerant to form high-pressure refrigerant; a medium-pressure gas passageway,
through which the mixed medium-pressure refrigerant from the medium-pressure chamber is
conveyed into the high-pressure compression component; a high-pressure chamber gas discharge
passageway, through which the high-pressure refrigerant is discharged from the high-pressure
compression component; characterized in that, the medium-pressure gas passageway comprises a
passageway section at the side toward the low-pressure chamber gas discharge passageway, and a
passageway section at the side toward the high-pressure chamber gas suction passageway, wherein, a
ratio between mimimum cross sectional area of the passageway section at the side toward the low-
pressure chamber gas discharge passageway and minimum cross sectional area of the passageway

section at the side toward the high-pressure chamber gas suction passageway is ranged from 1.4 to 4.

Further, the medium-pressure gas passageway further comprises an intermediate passageway
section, which 1s disposed between the passageway section at the side toward the low-pressure
chamber gas discharge passageway and the passageway section at the side toward the high-pressure
chamber gas suction passageway; whereln, a ratio H; between the minimum cross sectional area of
the passageway section at the side toward the low-pressure chamber gas discharge passageway and a
minimum cross sectional area of the intermediate passageway section is ranged from 1.2 to 2; a ratio
H; between the minimum cross sectional area of the intermediate passageway section and the
minimum cross sectional area of the passageway section at the side toward the high-pressure

chamber gas suction passageway is ranged from 1.2 to 2.

Further, a ratio between cross sectional area of the low-pressure chamber gas discharge

passageway and cross sectional area of the high-pressure chamber gas discharge passageway is 1.2.

Further, a ratio H; between the minimum cross sectional area Hy; of the medium-pressure gas
passageway and minimum cross sectional area Hp of the low-pressure chamber gas discharge

passageway ts greater than 1.2.

Further, a volume ratio R; between volume Vg of the high-pressure chamber and volume Vi

of the low-pressure chamber is ranged from 0.8 to 0.9.

Further, the compressor further comprises a crankshaft; the crankshaft comprises a first
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eccentric part and a second eccentric part; the low-pressure compression component

comprises a low-pressure cylinder, and a low-pressure roller which is disposed on the first
eccentric part inside the low-pressure cylinder; the low-pressure chamber is formed between
the low-pressure cylinder and the low-pressure roller; the high-pressure compression
component comprises a high-pressure cylinder, and a high-pressure roller which is disposed
on the second eccentric part inside the high-pressure cylinder; and the high-pressure chamber
is formed between the high-pressure cylinder and the high-pressure roller.

Further, eccentricity amount of the first eccentric part is equal to eccentricity amount of
the second eccentric part; and height of the high-pressure cylinder is less than height of the
low-pressure cylinder.

Further, eccentricity amount of the first eccentric part is less than eccentricity amount of
the second eccentric part; and height of the high-pressure cylinder is equal to height of the
low-pressure cylinder.

Further, a ratio between height and inner diameter of the low-pressure cylinder is ranged
from 0.4 to 0.55; a ratio between height and inner diameter of the high-pressure cylinder is
ranged from 0.4 to 0.55; a ratio between eccentricity amount of the first eccentric part and the
inner diameter of the low-pressure cylinder is ranged from 0.1 to 0.2; and a ratio between
eccentricity amount of the second eccentric part and the inner diameter of the high-pressure
cylinder is ranged from 0.1 to 0.2.

Further, a volume ratio R, between volume V), of the medium-pressure chamber
and volume V| of the low-pressure chamber is greater than 1.

Further, the compressor further comprises: a lower flange, which is provided under the
low-pressure compression component, and said lower flange i1s provided with a concave
cavity at its lower part; a lower cover plate, which 1s provided under the lower flange, and
said lower cover plate covers on the concave cavity of the lower flange so that the
medium-pressure chamber 1s formed by the lower flange and the lower cover plate.

Further, the compressor further comprises: an intermediate cylinder, which 1s provided
between the low-pressure compression component and the high-pressure compression
component, and the intermediate cylinder 1s provided with a concave cavity at one side facing
high-pressure compression component; a pump baffle plate, which is provided between the
high-pressure compression component and the intermediate cylinder, and the pump batftle

plate covers on the concave cavity of the intermediate cylinder so that the medium-pressure
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chamber i1s formed by the intermediate cylinder and the pump baffle plate.

Further, the compressor further comprises: a case component, configured to
accommodate the low-pressure compression component and the high-pressure compression
component; an intermediate box, which is provided at an exterior of the case component, and
the intermediate box has an inner cavity which forms the medium-pressure chamber.

The present disclosure further provides an air conditioner system comprising the

compressor described above.

The present disclosure further provides a heat pump water heater system comprising the
compressor described above. In the compressor of the present disclosure, because of the
reasonable design of the medium-pressure gas passageway and the optimal design for the
range of the ratio between the minimum cross sectional area of the passageway section at the
side toward the low-pressure chamber gas discharge passageway and the minimum cross
sectional area of the passageway section at the side toward the high-pressure chamber gas
suction passageway, the pressure fluctuation and the flow velocity fluctuation of the
refrigerant are relatively smaller, which can improve the first-stage gas discharge plumpness
and the second-stage gas suction plumpness, and increase the gas replenishment volume,
thereby improving the working efficiency and the energy efficiency ratio of the compressor,

and reducing the energy consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures, as a part of this disclosure, facilitate further understanding for the present
disclosure. The illustrative embodiments and the corresponding descriptions are just for

explaining the present disclosure, and they are not intended to restrict the present disclosure.

In the figures:

Figure 1 is a schematic view illustrating the structure of the compressor according to the

first embodiment of the present invention;

Figure 2 is a sectional schematic view illustrating the upper flange of the compressor

according to the first embodiment of the present invention;
Figure 3 is a left view of Figure 2;

Figure 4 is a sectional schematic view illustrating the high-pressure cylinder of the

compressor according to the first embodiment of the present invention;

Figure 5 is a right view of Figure 4;
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Figure 6 1s a left view of Figure 4;

Figure 7 is a sectional schematic view illustrating the pump baffle plate of the

compressor according to the first embodiment of the present invention;

Figure 8 1s a left view of Figure 7;

Figure 9 is a sectional schematic view illustrating the low-pressure cylinder of the

compressor according to the first embodiment of the present invention;
Figure 10 is a right view of Figure 9;
Figure 11 is a left view of Figure 9;

Figure 12 is a sectional schematic view illustrating the lower flange of the compressor

according to the first embodiment of the present invention;
Figure 13 is a right view of Figure 12;
Figure 14 is a left view of Figure 12;

Figure 15 is an exploded schematic view illustrating the low-pressure compression

component and the high-pressure compression component of the compressor according to the

first embodiment of the present invention;

Figure 16 1s a schematic diagram illustrating the maximal relative gas

replenishment volume varying with H; according to the compressor of the first

embodiment of the present invention;

Figure 17 is a schematic diagram illustrating the energy efficiency ratio varying
with the area ratio H, according to the compressor of the first embodiment of the present

invention;

Figure 18 1is a schematic diagram illustrating the maximal relative gas
replenishment volume varying with the ratio H; according to the compressor of the first

embodiment of the present invention;

Figure 19 is a schematic diagram illustrating the energy efficiency ratio varying
with the ratio H; according to the compressor of the first embodiment of the present
Invention;

Figure 20 1s a schematic diagram illustrating the maximal relative gas
replenishment volume varying with the ratio R; according to the compressor of the first

embodiment of the present invention;

Figure 21 1s a schematic diagram illustrating the energy efficiency ratio varying
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with the ratio R; according to the compressor of the first embodiment of the present

Invention;

Figure 22 is a schematic diagram illustrating the maximal relative gas

replenishment volume varying with the ratio R, according to the compressor of the first

embodiment of the present invention;

Figure 23 1s a schematic diagram illustrating the energy efficiency ratio varying

with the ratio R, according to the compressor of the first embodiment of the present

Invention:

Figure 24 is a schematic view illustrating the structure of the compressor according to

the second embodiment of the present invention;

Figure 25 is a schematic view illustrating the structure of the compressor according to

the third embodiment of the present invention.

DETAILED DESCRIPTION OF DISCLOSED EMBODIMENTS

The present disclosure will be described in more details with reference to the
accompanying figures and embodiments. It should be noted that, under the condition of
causing no conflicts, all embodiments and the features in all embodiments may be combined

with each other.

Kirst Embodiment

Figures 1-15 illustrate the compressor of the first embodiment of the present invention.
The compressor is a two-staged enthalpy-increasing compressor, of which the

medium-pressure chamber is disposed under the low-pressure chamber.

The compressor of the first embodiment mainly includes a case component, a motor, a
low-pressure compression component, an enthalpy-increasing component, a lower flange 3, a
high-pressure compression component, a pump baffle plate 11, an upper flange 14 and a

liquid separator 1.

The case component includes an upper case 18a, an intermediate case 17 and a lower

case 18b. The motor disposed inside the case component mainly includes a stator 15 and a
rotor 16. The low-pressure compression component mainly includes a low-pressure cylinder
2 and a low-pressure roller 10 provided inside the low-pressure cylinder 2. There 1s a concave

cavity at the lower part of the lower flange 3, and a lower cover plate 4 is provided on the
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concave cavity of the lower flange 3 to form the medium-pressure chamber. The
high-pressure compression component mainly includes a high-pressure cylinder 12 and a
high-pressure roller 13 provided in the high-pressure cylinder 12. The enthalpy-increasing
component mainly includes an enthalpy-increasing sealing ring 5, a enthalpy-increasing

pump suction pipe 6, an enthalpy-increasing case suction pipe 7 and an enthalpy-increasing

bent pipe 8.

The liquid separator 1 is fixed on the intermediate case 17 through welding, and the
low-pressure cylinder 2 is fixed on the lower flange 3 with bolts. The liquid separator 1 is
connected to the low-pressure cylinder 2 through a suction pipe. The lower cover plate 4 is
fixed on the lower part of the lower flange 3 with bolts. The enthalpy-increasing case suction
pipe 7 is welded on the intermediate case 17. Through an interference fit with the
enthalpy-increasing sealing ring 5, the enthalpy-increasing pump suction pipe 6 is pressed
tightly on the inner wall of the enthalpy-increasing opening 23 of the low-pressure cylinder 2.
The enthalpy-increasing bent pipe 8 is welded to connect to the enthalpy-increasing case
suction pipe 7 and the enthalpy-increasing pump suction pipe 6. The high-pressure cylinder
12 1s fixed on the upper flange 14 with bolts and is connected with the pump baffle plate 11.
The upper flange 14 is welded on the intermediate case 17. A crankshaft 9 goes through the
lower flange 3, the low-pressure cylinder 2, the lower cover plate 4, the pump baffle plate 11,
the high-pressure cylinder 12 and the upper flange 14. The low-pressure roller 10 is sleeved
on the lower eccentric part of the crankshaft 9, and the high-pressure roller 13 is sleeved on
the upper eccentric part of the crankshaft 9. The compressor vent pipe 19 is welded on the
upper case 18a. The upper case 18a is hermetically welded on the top of the intermediate case

1’7, and the lower case 18b is hermetically welded on the bottom of the intermediate case 17.

The circulation process of the refrigerant in the compressor of the first embodiment is

briefly described as follows:

Driven by the motor, the low-pressure compression component and the high-pressure
compression component run. The refluent low-pressure refrigerant from the air conditioner
system flows into the low-pressure cylinder 2 through the liquid separator 1, and the
refrigerant 1s compressed to form the first medium-pressure refrigerant. The first
medium-pressure refrigerant, which 1s compressed by the low-pressure compression
component, sequentially flows through the gas outlet 21 of the low-pressure cylinder 2 and

the exhaust opening 31 of the lower flange 3 shown in Figs. 13 and 14, and finally is
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discharged into the medium-pressure chamber formed by the lower flange 3 and the lower
cover plate 4. At the same time, the second medium-pressure refrigerant sequentially flows
through a medium-pressure loop of the air conditioner system, the enthalpy-increasing bent
pipe 8, the enthalpy-increasing pump suction pipe 6, the enthalpy-increasing opening 23 of
the low-pressure cylinder 2 shown in Figs. 10 and 11, and finally flows into the
medium-pressure chamber, being mixed with the first medium-pressure refrigerant to form
the mixed medium-pressure refrigerant. The mixed medium-pressure refrigerant sequentially
flows through the first medium-pressure gas passageway 32 provided in the upper flange 3,
the second medium-pressure gas passageway 22 provided in the low-pressure cylinder 2 and
the third medium-pressure gas passageway 111 provided in the pump baffle plate 11. The
high-pressure cylinder 12 takes in the mixed medium-pressure refrigerant through the inlet
port 121 of the high-pressure cylinder 12, then the mixed medium-pressure refrigerant is
compréssed by the high-pressure compression component to form the high-pressure
refrigerant. The high-pressure refrigerant sequentially flows through the gas outlet 122 of the
high-pressure cylinder 12 and the exhaust opening 141 of the upper flange 14, then the
high-pressure refrigerant is discharged into the upper cavity enclosed by the upper flange 14,
the intermediate case 17 and the upper case 18a, and further discharged into the evaporator or
the condenser of the air conditioner system through the vent pipe 19. Thus, one process cycle
of the two-staged compressing and enthalpy-increasing has been done. The directions of the

arrowheads shown in Fig. | illustrate the flow directions of the refrigerant in the compressor.

As can be seen from the above, the low-pressure gas passageway includes the gas outlet

21 of the low-pressure cylinder 2 and the exhaust opening 31 of the lower flange.

The medium-pressure gas passageway is divided into three passageway sections: the
passageway section disposed at the side toward the low-pressure chamber gas discharge
passageway, namely, the first medium-pressure gas passageway 32 disposed in the lower
flange 3; the intermediate passageway section, including the second medium-pressure gas
passageway 22 disposed in the low-pressure cylinder 2 and the third medium-pressure gas
passageway 111 disposed in the pump baftle plate 11; and the passageway section disposed at

the side toward the high-pressure chamber gas suction passageway, namely, the beveled inlet

port 121 disposed in the high-pressure cylinder 12.

The high-pressure chamber gas discharge passageway includes the passageway section

between the gas outlet 122 of the high-pressure cylinder 12 and the exhaust opening 141 of
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the upper flange 14. Preferably, the ratio between the cross sectional area of the low-pressure

chamber gas discharge passageway and the cross sectional area of the high-pressure chamber

gas discharge passageway is 1.2.

In the first embodiment of the present invention, the pressure fluctuation and the flow
velocity fluctuation of the refrigerant is reduced by means of setting proper ranges of the
ratios between cross sectional areas of three different passageway sections of the

medium-pressure gas passageway, thereby improving the energy efficiency ratio of the

compressor and reducing the energy consumption.

Specifically, the ratios between the minimum cross sectional areas of three different
passageway sections of the medium-pressure gas passageway are as follows: the ratio H»
between the minimum cross sectional area of the passageway section at the side toward the
low-pressure chamber gas discharge passageway and the minimum cross sectional area of the
intermediate passageway section is ranged from 1.2 to 2. The ratio H; between the minimum
cross sectional area of the intermediate passageway section and the minimum cross sectional
area of the passageway section at the side toward the high-pressure chamber gas suction
passageway is ranged from 1.2 to 2. Whereas, it is appropriate that the ratio H between the
minimum cross sectional area of the passageway section at the side toward the low-pressure
chamber gas discharge passageway and the minimum cross sectional area of the passageway

section at the side toward the high-pressure chamber gas suction passageway is ranged from

1.4 to 4.

As shown in Fig.16, a schematic diagram illustrating the maximal relative gas
replenishment volume varying with H,, when H, is within the range from 1.2 to 2, the
maximal relative gas replenishment volume is greater. As shown in Fig.17, a schematic
diagram illustrating the energy efficiency ratio varying with H», when H» is within the range
from 1.2 to 2, the energy efficiency ratio i1s greater. The profiles of maximal relative gas
replenishment volume and the energy efficiency ratio varying with Hs are similar to those
varying with H, shown in Figs. 16 and 17. Also when Hj is within the range from 1.2 to 2, the
maximal relative gas replenishment volume and the energy efficiency ratio are optimal,
which are not shown in the figures. In such cases, the pressure fluctuation and the flow
velocity fluctuation of the refrigerant are relatively smaller, which improves the first-stage
gas discharge plumpness and the second-stage gas suction plumpness, and increases the

relative gas replenishment volume, thereby improving the energy efficiency ratio of the
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compressor and reducing the energy consumption.

Preferably, in the first embodiment, the ratio H; between the minimum cross sectional
area Hy of the medium-pressure gas passageway and the minimum cross sectional area Hy of
the low-pressure chamber gas discharge passageway is greater than 1.2. As shown in Fig.18,
a schematic diagram illustrating the maximal relative gas replenishment volume varying
with the ratio H;, the maximal relative gas replenishment volume increases with the
increasing Hj;, when H; i1s greater than 1.2, the maximal relative gas replenishment
volume increases with the increasing H; more remarkably. As shown in Fig.19, a
schematic diagram illustrating the energy efficiency ratio varying with the ratio Hj,
the energy efficiency ratio firstly increases with the increasing H; then decreases,

when Hj 1s greater than 1.2, the energy efficiency ratio approaches the maximum.

Preferably, in the first embodiment, the ratio R; between the volume Vy of the
high-pressure chamber and the volume V|, of the low-pressure chamber is ranged from 0.8
to 0.9. As shown in Figure 20, a schematic diagram illustrating the maximal relative gas
replenishment volume varying with the ratio R, the maximal relative gas replenishment
volume increase with the increasing R, when R;i1s within the range from 0.8 to 0.9,
the maximal relative gas replenishment volume starts to increase more remarkably. As
shown 1n Fig.21, a schematic diagram 1llustrating the energy efficiency ratio varying
with the ratio R, the energy efficiency ratio firstly increases with the increasing R;
then decreases, when R is within the range from 0.8 to 0.9, the energy efficiency ratio

approaches the maximum.

Various methods may be implemented to make the ratio R be ranged tfrom 0.8

to 0.9. For example, following methods can be implemented:

When the eccentricity amount of the upper eccentric part of the crankshaft 9
inserted in the high-pressure cylinder 12 is equal to the eccentricity amount of the
lower eccentric part of the crankshaft 9 inserted in the low-pressure cylinder 2, the
volume ratio R ranged from 0.8 to 0.9 is achieved by regulating the ratio between the

height of the high-pressure cylinder 12 and the height of the low-pressure cylinder 2,
specifically, by regulating the height of the high-pressure cylinder 12 to be less than the
height of the low-pressure cylinder 2.

When the height of the high-pressure cylinder 12 equals to the height of the

low-pressure cylinder 2, the volume ratio Ry ranged from 0.8 to 0.9 is achieved by

10
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regulating the ratio between the eccentricity amount of the upper eccentric part of the

crankshaft 9 inserted in the high-pressure cylinder 12 and the eccentricity amount of
the lower eccentric part of the crankshaft 9 inserted in the low-pressure cylinder 2,

specifically, by regulating the eccentricity amount of the lower eccentric part to be

less than the eccentricity amount of the upper eccentric part.

Under the condition that the ratio between the height and the inner diameter of the
high-pressure cylinder 12 and the ratio between the height and the inner diameter of the
low-pressure cylinder 2 are both ranged from 0.4 to 0.55, and that the ratio between the
eccentricity amount of the upper eccentric part of the crankshaft and the inner
diameter of the high-pressure cylinder is ranged from 0.1 to 0.2, and that the ratio between
the eccentricity amount of the lower eccentric part of the crankshaft and the inner
diameter of the low-pressure cylinder is also ranged from 0.1 to 0.2, the volume ratio R;
ranged from 0.8 to 0.9 is achieved by simultaneously regulating the height and inner

diameter of the high-pressure cylinder 12 and the height and inner diameter of the

low-pressure cylinder 2, and by regulating the eccentricity amount of the upper
eccentric part of the crankshaft 9 and the eccentricity amount of the lower eccentric

part of the crankshaft 9.

Preferably, 1n the first embodiment, the ratio R, between the volume V), of the
medium-pressure chamber and the volume V| of the low-pressure chamber is greater than
1. In such cases, the flow fluctuation of the replenishment gas is relatively smaller, and
the maximal relative gas replenishment volume and the energy efficiency ratio are
relatively larger. As shown in Fig.22, a schematic diagram illustrating the maximal
relative gas replenishment volume varying with R;, the maximal relative gas
replenishment volume increases with the increasing R,, when Rj; equals to 1, the
maximal relative gas replenishment volume approaches to a relatively greater value,
and when R; is greater than 1, the maximal relative gas replenishment volume 1is
greater. As shown in Fig.23, a schematic diagram illustrating the energy efficiency
ratio varying with the ratio R,, the energy efficiency ratio increases with the

increasing Ry, when Rjis greater than 1, the energy efficiency ratio approaches the

maximum.

The other two embodiments of the present invention will be described as follows. The

same or similar structures, or same or similar parameter ranges as those described 1n the first

11
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embodiment of the compressor will not be described in details here.

Second Embodiment

As shown in Fig.24, the second embodiment of the compressor is a two-staged
enthalpy-increasing compressor, of which the medium-pressure chamber is disposed between
the low-pressure compression component and the high-pressure compression component. The
compressor mainly includes a liquid separator 201, a low-pressure cylinder 202, an
intermediate cylinder 203, an enthalpy-increasing pipe 204, a pump baftle plate 205, a
high-pressure cylinder 206, an upper flange 207, a lower flange 208 and so on. In the second
embodiment of the compressor, as the medium-pressure chamber is provided above the
low-pressure chamber, the medium-pressure refrigerant in the whole compressor tlows

directly into the high-pressure compression component.

In the second embodiment, the liquid separator 201 is connected to the low-pressure
cylinder 202 through a suction pipe. The low-pressure cylinder 202 is fixed on the lower
flange 208 with bolts. The intermediate cylinder 203 is fixed on the low-pressure cylinder
202 with bolts. There is a concave cavity in the upper part of the intermediate cylinder 203.
The pump baffle plate 205 is provided on the concave cavity of the intermediate cylinder 203
to form a medium-pressure chamber. The enthalpy-increasing pipe 204 is communicated to

the medium-pressure chamber in the intermediate cylinder 203. The pump baffle plate 205 is
fixed on the intermediate cylinder 203 with bolts. The high-pressure cylinder 206 is fixed on
the upper flange 207 with bolts, and is connected with the pump baftle plate 205. The upper

flange 207 is welded on the case component.

The refluent low-pressure refrigerant from the air conditioner system flows into the

suction port of the low-pressure cylinder 202 through the liquid separator 201, and the
refrigerant is compressed by the low-pressure compression component to form the first
medium-pressure refrigerant. The first medium-pressure refrigerant flows through the gas
outlet of the low-pressure cylinder 202 and the gas outlet of the intermediate cylinder 203,
and then flows into the medium-pressure chamber formed by the intermediate cylinder 203
and the pump baffle plate 205. The second medium-pressure refrigerant for replenishing gas
and increasing enthalpy sequentially flows through the enthalpy-increasing pipe 204 and the
suction port of the intermediate cylinder 203, and finally flows into the intermediate cylinder

203, being mixed with the first medium-pressure refrigerant in the medium-pressure chamber
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to form the mixed medium-pressure refrigerant. The mixed medium-pressure refrigerant
flows into the suction port of the high-pressure cylinder 206 through the medium-pressure
gas passageway of the pump baftle plate 205. After the mixed medium-pressure refrigerant is
compressed by the high-pressure compression component to form the high-pressure
refrigerant, the high-pressure refrigerant sequentially flows through the gas outlet of the
high-pressure cylinder 206 and the exhaust opening of the upper flange 207. Then the
high-pressure refrigerant is discharged into the upper cavity enclosed by the case component
and the upper flange 207. Finally, the refrigerant flows into the air conditioner system
through the vent pipe of the compressor, and then flows into the compressor after being

vaporized by the air conditioner system. Thus, one circulation cycle of the refrigerant 1s done.

As can be seen from the above, in the second embodiment, the low-pressure gas

passageway includes the gas outlet of the low-pressure cylinder 202 and the gas outlet of the

intermediate cylinder 203.

In the second embodiment, the medium-pressure gas passageway 1s divided into two
passageway sections: the medium-pressure gas passageway provided in the pump baftle plate
205, which is disposed at the side toward the low-pressure chamber gas discharge
passageway; and the suction port of the high-pressure cylinder 206, which is disposed at the

side toward the high-pressure chamber gas suction passageway.

While the high-pressure chamber gas discharge passageway includes the gas outlet of the

high-pressure cylinder 206 and the exhaust opening ot the upper flange 207.

Comparing with the first embodiment of the compressor, the intermediate passageway
section is not provided in the second embodiment of the compressor. It 1s veritied by

experiments that, in the second embodiment, it is also appropriate that the ratio H between

the minimum cross sectional area of the passageway section at the side toward the
low-pressure chamber gas discharge passageway and the minimum cross sectional area of the
passageway section at the side toward the high-pressure chamber gas suction passageway is
ranged from 1.4 to 4. The ranges of other parameters such as Hj, Ry, Ry and the range of
the ratio between the cross sectional area of the low-pressure chamber gas discharge
passageway and the cross sectional area of the high-pressure chamber gas discharge
passageway, as well as the effects achieved in the second embodiment of the compressor, are

all close to those in the first embodiment of the compressor; all methods for achieving the

volume ratio R1 in the first embodiment of the compressor are also applicable to the second
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embodiment of the compressor, thus they will not be described repeatedly.

Third Embodiment

As shown in Fig.25, the third embodiment of the compressor is a two-staged
enthalpy-increasing compressor with an external medium-pressure chamber, which 1is
constructed by an external pressure-tight intermed;iate box. The third embodiment of the
compressor mainly includes a motor, a low-pressure compression component, an intermediate

box 304, a high-pressure compression component, a case component, a liquid separator 301

and so on.

The liquid separator 301 is connected to the low-pressure cylinder 302 through a suction
pipe. The low-pressure cylinder 302 is fixed on the lower flange 303 with bolts. The
intermediate box 304 is fixed on the case component 309 through welding. The intermediate
box 304 is communicated to the gas outlet provided in the low-pressure cylinder 302 through
the first vent pipe, and is communicated to the suction port provided in the high-pressure
cylinder 307 through the second vent pipe. The enthalpy-increasing pipe 305 is connected
with the intermediate box 304. The pump baffle plate 306 is disposed at the upper side of the
high-pressure cylinder 302. The high-pressure cylinder 307 is fixed on the upper flange 3038
with bolts, and is connected with the pump baffle plate 306. The upper flange 308 is welded

on the case component 309.

The refluent low-pressure refrigerant from the air conditioner system flows into the
suction port of the low-pressure cylinder 302 through the liquid separator 301, and the
refrigerant is compressed by the low-pressure compression component to form the first

medium-pressure refrigerant. The first medium-pressure refrigerant sequentially tflows

through the gas outlet of the low-pressure cylinder 302 and the first vent pipe, and then tlows
into the medium-pressure chamber inside the intermediate box 304. The second
medium-pressure refrigerant for replenishing gas and increasing enthalpy flows into the
medium-pressure chamber inside the intermediate box 304 through the enthalpy-increasing
pipe 305, being mixed with the first medium-pressure refrigerant in the medium-pressure
chamber to form the mixed medium-pressure refrigerant. The mixed medium-pressure
refrigerant flows into the suction port of the high-pressure cylinder 307 through the second
vent pipe. The mixed medium-pressure refrigerant is compressed by the high-pressure

compression component to form the high-pressure refrigerant. The high-pressure refrigerant
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sequentially flows through the gas outlet of the high-pressure cylinder 307 and the exhaust
opening of the upper flange 308. Then the high-pressure refrigerant is discharged into the
upper cavity enclosed by the case component 309 and the upper flange 308. Finally, the
refrigerant flows into the air conditioner system through the gas discharge pipe of the
compressor, and then flows into the compressor after being vaporized by the air conditioner

system. Thus, one circulation cycle of the refrigerant is done.

As can be seen from the above, the low-pressure chamber gas discharge passageway In

the third embodiment includes the gas outlet of the low-pressure cylinder 302.

In the third embodiment, the medium-pressure gas passageway is divided into three
passageway sections: the passageway section disposed at the side toward the low-pressure
chamber gas discharge passageway, namely, the first vent pipe; the intermediate passageway
section, namely, the second vent pipe; and the passageway section disposed at the side toward
the high-pressure chamber gas suction passageway, namely, the beveled inlet port disposed in

the high-pressure cylinder 307.

While the high-pressure chamber gas discharge passageway includes the gas outlet of the

high-pressure cylinder 307 and the exhaust opening of the upper flange component 308.

The ranges of the compressor parameters in the third embodiment such as H, Hy, Hz, Hs,
Ri, R,, and the range of the ratio between the cross sectional area of the low-pressure
chamber gas discharge passageway and the cross sectional area of the high-pressure chamber
gas discharge passageway, as well as the effects achieved in the third embodiment of the
compressor, are all close to those in the first embodiment of the compressor; all methods for
achieving the volume ratio R1 in the first embodiment of the compressor are also applicable

to the third embodiment of the compressor, thus they will not be described repeatedly.

As can be seen from the above, all embodiments of the present invention can achieve the
effects as follows: because of the reasonable design of the medium-pressure gas passageway
and the optimal design for the range of the ratio H between the minimum cross sectional area
of the passageway section at the side toward the low-pressure chamber gas discharge
passageway and the minimum cross sectional area of the passageway section at the side
toward the high-pressure chamber gas suction passageway, the pressure fluctuation and the
flow velocity fluctuation of the refrigerant are relatively smaller, which can improve the
first-stage gas discharge plumpness and the second-stage gas suction plumpness, and increase

the gas replenishment volume, and accordingly, can improve the energy efficiency ratio of the

15



+ CA 02870096 2014-10-095

Doc. No.: 119-45 CA/PCT Patent

compressor and reduce the energy consumption.

The preferred embodiments described above are not restrictive. It will be understood by
those skilled in the art that various replacements and variations based on the thoughts of the
present disclosure may be made. All modifications, equivalents, improvements and so on

made within the spirit and principle of the present disclosure should be contained within the

scope of the present disclosure.
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What is claimed is:
1. A compressor, comprising:

a low-pressure compression component having a low-pressure chamber, configured to take
in refrigerant and compress the refrigerant to form first medium-pressure refrigerant ;

a medium-pressure chamber;

a low-pressure chamber gas discharge passageway, through which the first medium-pressure
refrigerant from said low-pressure compression component is discharged into the
medium-pressure chamber;

an enthalpy-increasing component, configured to convey second medium-pressure
refrigerant into the medium-pressure chamber, the second medium-pressure refrigerant and the
first medium-pressure refrigerant being mixed to form mixed medium-pressure refrigerant in the
medium-pressure chamber;

a high-pressure compression component including a high-pressure chamber, configured to
take in the mixed medium-pressure refrigerant via a high-pressure chamber gas suction
passageway, and compress the mixed medium-pressure refrigerant to form high-pressure
refrigerant ;

a medium-pressure gas passageway, through which the mixed medium-pressure refrigerant
from the medium-pressure chamber is conveyed into the high-pressure compression component;

a high-pressure chamber gas discharge passageway, through which the high-pressure
refrigerant is discharged from the high-pressure compression component;

wherein, the medium-pressure gas passageway comprises a passageway section at the side
toward the low-pressure chamber gas discharge passageway, and a passageway section at the
side toward the high-pressure chamber gas suction passageway, wherein, a ratio between
minimum cross sectional area of the passageway section at the side toward the low-pressure

chamber gas discharge passageway and minimum cross sectional area of the passageway section

at the side toward the high-pressure chamber gas suction passageway is ranged from 1.4 to 4.

2. The compressor according to claim 1, wherein, the medium-pressure gas passageway further
comprises an intermediate passageway section, which is disposed between the passageway

section at the side toward the low-pressure chamber gas discharge passageway and the
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passageway section at the side toward the high-pressure chamber gas suction passageway;
whereln, a ratio Hj between the minimum cross sectional area of the passageway section at the
side toward the low-pressure chamber gas discharge passageway and a minimum cross sectional
area of the intermediate passageway section is ranged from 1.2 to 2; a ratio Hs between the

minimum cross sectional area of the intermediate passageway section and the minimum cross
sectional area of the passageway section at the side toward the high-pressure chamber gas

suction passageway 1s ranged from 1.2 to 2.

3. The compressor according to claim 1 or 2, wherein, a ratio between cross sectional area of the
low-pressure chamber gas discharge passageway and cross sectional area of the high-pressure

chamber gas discharge passageway is 1.2.

4. The compressor according to claim 1 or 2, wherein, a ratio H; between the minimum cross
sectional area Hyy of the medium-pressure gas passageway and minimum cross sectional area Hy

of the low-pressure chamber gas discharge passageway is greater than 1.2.

5. The compressor according to claim 1 or 2, wherein, a volume ratio R; between volume Vy of

the high-pressure chamber and volume Vi of the low-pressure chamber is ranged from 0.8 to

0.9.

6. The compressor according to claim 5, wherein:

the compressor further comprises a crankshaft; the crankshaft comprises a first eccentric
part and a second eccentric part;

the low-pressure compression component comprises a low-pressure cylinder, and a
low-pressure roller which is disposed on the first eccentric part inside the low-pressure cylinder;

the low-pressure chamber 1s formed between the low-pressure cylinder and the low-pressure

roller;
the high-pressure compression component comprises a high-pressure cylinder, and a
high-pressure roller which 1s disposed on the second eccentric part inside the high-pressure

cylinder; and the high-pressure chamber is formed between the high-pressure cylinder and the

high-pressure roller.

7. The compressor according to claim 6, wherein:
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eccentricity amount of the first eccentric part is equal to eccentricity amount of the second

eccentric part; and

height of the high-pressure cylinder is less than height of the low-pressure cylinder.

8. The compressor according to claim 6, wherein:

eccentricity amount of the first eccentric part is less than eccentricity amount of the second
eccentric part; and

height of the high-pressure cylinder is equal to height of the low-pressure cylinder.

9. The compressor according to claim 6, wherein:

a ratio between height and inner diameter of the low-pressure cylinder 1s ranged from 0.4 to
0.55;

a ratio between height and inner diameter of the high-pressure cylinder is ranged from 0.4 to
0.55;

a ratio between eccentricity amount of the first eccentric part and the inner diameter of the
low-pressure cylinder 1s ranged from 0.1 to 0.2; and

a rat1o between eccentricity amount of the second eccentric part and the inner diameter of

the high-pressure cylinder is ranged from 0.1 to 0.2.

10. The compressor according to claim 1 or 2, wherein, a volume ratio R, between volume
VM of the medium-pressure chamber and volume Vi of the low-pressure chamber is greater

than 1.

11. The compressor according to claim 1 or 2, wherein, the compressor further comprises:

a lower flange, which 1s provided under the low-pressure compression component, and said
lower flange is provided with a concave cavity at its lower part;

a lower cover plate, which is provided under the lower flange , and said lower cover plate
covers on the concave cavity of the lower flange so that the medium-pressure chamber i1s formed

by the lower flange and the lower cover plate .

12, The compressor according to claim 1, wherein, the compressor further comprises:
an Intermediate cylinder, which 1s provided between the low-pressure compression

component and the high-pressure compression component, and the intermediate cylinder is
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provided with a concave cavity at one side facing the high-pressure compression component;

a pump batile plate, which i1s provided between the high-pressure compression component
and the intermediate cylinder, and the pump baffle plate covers on the concave cavity of the
intermediate cylinder so that the medium-pressure chamber is formed by the intermediate

cylinder and the pump baftle plate.

13. The compressor according to claim 1 or 2, wherein, the compressor further comprises:
a case component, configured to accommodate the low-pressure compression component

and the high-pressure compression component;
an intermediate box, which is provided at an exterior of the case component, and the

intermediate box has an inner cavity which forms the medium-pressure chamber.

14. An air conditioner system, comprising a compressor, wherein, the compressor is the

compressor according to any one of claims 1 to 13.

15. A heat pump water heater system, comprising a compressor, wherein, the compressor is the

compressor according to any one of claims 1 to 13.
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