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(54) SCREW COMPRESSOR AND AIR CONDITIONING UNIT

(57) The present disclosure discloses a screw com-
pressor and an air-conditioning unit, and relates to the
field of compressors for improving the performance of
screw compressors. The screw compressor comprises
a first pressure level rotor assembly, a second pressure
level rotor assembly and a body. The first pressure level
rotor assembly comprises a first pressure level male rotor
and a first pressure level female rotor that mesh with
each other; the second pressure level rotor assembly
comprises a second pressure level male rotor and a sec-
ond pressure level female rotor that mesh with each oth-
er; and the first pressure level rotor assembly and the
second pressure level rotor assembly are arranged in

the body. Wherein, the first pressure level rotor assembly
and the second pressure level rotor assembly are con-
figured to enable an axial force received by the first pres-
sure level rotor assembly and exerted by a compressed
gas in the first pressure level rotor assembly opposite to
an axial force received by the second pressure level rotor
assembly and exerted by a compressed gas therein. In
the above-described technical solution, the force re-
ceived during the operational process of the screw com-
pressor is more balanced, and the operation of the screw
compressor has a higher reliability.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is based on and claims
priority to China Patent Application No. 201810179519.9
filed on March 5, 2018, the disclosure of which is incor-
porated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to the field of
compressors, and specifically relates to a screw com-
pressor and an air-conditioning unit.

DESCRIPTION OF RELATED ART

[0003] The single-motor double-level screw compres-
sor comprises a motor and two pairs of rotors. The two
pairs of rotors are low-level rotors and high-level rotors.
Each level of rotors comprises a female rotor and a male
rotor that mesh with each other. The motor is located
between two pairs of rotors. The motor comprises a rotary
shaft with one end connected with a high-level male rotor
by key joint to realize transmission, and the other end
connected with a low-level male rotor by key joint to re-
alize transmission. When the single-motor double-level
screw compressor works, two pairs of rotors work simul-
taneously.
[0004] The inventors have found that the related art is
at least with the following problems: the suction and dis-
placement directions of the screw compressor are related
to the arrangement manner of the rotor and the rotation
direction of the rotor helix (simply referred to as the ro-
tation direction). The lower-level rotor of the single-level
double-level screw compressor is provided with an un-
derslung slide valve. The arrangement manner of the
lower-level rotor is as follows: viewed from the suction
side to the displacement side, the female rotor is on the
left side of the male rotor, and the refrigerant enters from
above and exits from below. The high-level rotor uses
the same arrangement manner, and the refrigerant also
enters from above and exits from below, so that the fluid
outlet of the screw compressor is arranged below, which
is inconvenient to the installation of the stop valve and
the check valve. On the other hand, for the arrangement
manner of the motor between the two pairs of rotors,
when the rotor rotation direction is the same, the axial
force direction is the same, and there is an excessive
force received on the displacement side, which affects
the operation stability of the compressor.

SUMMARY OF THE INVENTION

[0005] The present disclosure proposes a screw com-
pressor and an air conditioning unit to improve the per-
formance of the screw compressor.
[0006] The present disclosure provides a screw com-

pressor, comprising:

a first pressure level rotor assembly comprising a
first pressure level male rotor and a first pressure
level female rotor that mesh with each other;
a second pressure level rotor assembly comprising
a second pressure level male rotor and a second
pressure level female rotor that mesh with each oth-
er; and
a body in which the first pressure level rotor assembly
and the second pressure level rotor assembly are
arranged;
wherein the first pressure level rotor assembly and
the second pressure level rotor assembly are con-
figured to enable an axial force received by the first
pressure level rotor assembly and exerted by a com-
pressed gas in the first pressure level rotor assembly
opposite to an axial force received by the second
pressure level rotor assembly and exerted by a com-
pressed gas therein.

[0007] In some embodiments, the first pressure level
male rotor and the second pressure level male rotor are
coaxially arranged.
[0008] In some embodiments, the screw compressor
further comprises:
a motor disposed between the first pressure level rotor
assembly and the second pressure level rotor assembly,
wherein the motor comprises a motor shaft with a first
end of in driving connection with the first pressure level
male rotor, and a second end of the motor shaft in driving
connection with the second pressure level male rotor.
[0009] In some embodiments, a helix of the first pres-
sure level male rotor has the same helical direction as a
helix of the second pressure level male rotor, and the
first pressure level female rotor and the second pressure
level female rotor are respectively located on both sides
of a shaft center line of the motor shaft.
[0010] In some embodiments, the body comprises:

a first pressure level body in which the first pressure
level rotor assembly is provided; and
a second pressure level body internally provided with
a second pressure level bearing seat, wherein the
second pressure level bearing seat supports the sec-
ond pressure level rotor assembly, and the second
pressure level bearing seat is integrally formed with
the second pressure level body.

[0011] In some embodiments, the body is provided with
a fluid inlet, which is located at the top of the body.
[0012] In some embodiments, the body is provided with
a fluid outlet, which is located at the top of the body.
[0013] In some embodiments, a helix of the first pres-
sure level male rotor has a helical direction opposite to
a helix of the second pressure level male rotor, and the
first pressure level female rotor and the second pressure
level female rotor are both located on the same side of
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a shaft center line of the motor shaft.
[0014] In some embodiments, the screw compressor
comprises a plurality of groups of the first pressure level
rotor assembly and the second pressure level rotor as-
sembly.
[0015] In some embodiments, the screw compressor
is a single-motor double-level screw compressor.
[0016] In some embodiments, a first end of the motor
shaft is key-connected to the first pressure level male
rotor, and a second end of the motor shaft is connected
to the second pressure level male rotor through a cou-
pling.
[0017] In other embodiments of the present disclosure,
an air-conditioning unit is provided. The air-conditioning
unit comprises the screw compressor provided by any
technical solution of the present disclosure.
[0018] In the above-described technical solution, the
arrangement manners of the respective rotors of the first
pressure level rotor assembly and the second pressure
level rotor assembly are reasonably provided, so that the
axial force received by the first pressure level rotor as-
sembly and exerted by the compressed gas therein is
opposite to the axial force received by the second pres-
sure level rotor assembly and exerted by the compressed
gas therein, which balances the axial force received by
the rotor assembly of the screw compressor as a whole,
so that there is a more balanced force received during
the operational process of the screw compressor, and
the screw compressor works more reliably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a schematic cross-sectional view of the
structure of a screw compressor provided by some
embodiments of the present disclosure;
Fig. 2 is a schematic view of a gas flow direction of
a screw compressor provided by some embodi-
ments of the present disclosure.

DESCRIPTION OF THE INVENTION

[0020] The technical solution provided by the present
disclosure will be described in more detail below in con-
junction with Figs. 1 to 2.
[0021] Referring to Fig. 1, the present disclosure pro-
vides a screw compressor comprising a first pressure
level rotor assembly 1, a second pressure level rotor as-
sembly 2 and a body 3. The first pressure level rotor
assembly 1 comprises a first pressure level male rotor
11 and a first pressure level female rotor 12 meshed with
each other, and the second pressure level rotor assembly
2 comprises a second pressure level male rotor 21 and
a second pressure level female rotor 22 mated with each
other; the body 3 is internally provided with a first pres-
sure level rotor assembly 1 and a second pressure level
rotor assembly 2. Among them, the first pressure level

rotor assembly 1 and the second pressure level rotor
assembly 2 are provided to satisfy the following condi-
tions: the axial force received by the first pressure level
rotor assembly 1 and exerted by the compressed gas
therein is opposite to the axial force received by the sec-
ond pressure level rotor assembly 2 and exerted by the
compressed gas therein.
[0022] The first pressure level male rotor 11 is support-
ed by a bearing 51, the first pressure level female rotor
12 is supported by a bearing 52, the second pressure
level male rotor 21 is supported by a bearing 53, and the
second pressure level female rotor 22 is supported by a
bearing 54.
[0023] When the gas is compressed in the rotor as-
sembly, the gas pressure on the suction side is lower
than the gas pressure on the displacement side. There-
fore, the action force exerted by the displacement side
on the inner wall of the engagement cavity of the female
and male rotors is greater than the action force exerted
by the suction side on the inner wall of the engagement
cavity of the female and male rotors. Since the inner wall
of the tooth space of the male and female rotors is helical,
the action force exerted by the gas on the inner wall of
the engagement cavity has a component along the shaft
center line of the male and female rotors. The force of
the component refers to an axial force exerted by the gas
to the rotor, and an opposite axial force refers to an op-
posite direction of an axial force.
[0024] Taking a substantially arrow-like structure
formed by a helix contact when the female rotor meshes
with the male rotor as an example, the alternative ar-
rangement manner of the first level rotor assembly 1 and
the second pressure level rotor assembly 2 comprises
the following: one manner shown in Fig. 1 is such that
the arrow-like shapes formed by approximately intersect-
ing the helixes of the first level rotor assembly 1 and the
second pressure level rotor assembly 2 are opposite to
each other; another alternative manner is such that the
arrow-like shapes formed by approximately intersecting
the helixes of the first level rotor assembly 1 and the
second pressure level rotor assembly 2 face away from
each other.
[0025] The screw compressor comprises, for example,
one or more groups of rotor assemblies. Each group of
rotor assemblies comprises a first pressure level rotor
assembly 1 and a second pressure level rotor assembly
2. The first pressure level rotor assembly 1 and the sec-
ond pressure level rotor assembly 2 in each group of
rotor assemblies receive the compressed gas in opposite
axial directions so as to cancel out with each other. The
same stream of gas sequentially passes through respec-
tive rotor assemblies to realize compression.
[0026] Taking a double-level screw compressor as an
example, the low pressure level rotor assembly serves
as the first pressure level rotor assembly 1, the high pres-
sure level rotor assembly serves as the second pressure
level rotor assembly 2, and the gas is sequentially com-
pressed by the first pressure level rotor assembly 1 and
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the second pressure level rotor assembly 2.
[0027] Taking a three-level screw compressor as an
example (e.g., comprising three rotor assemblies A, B,
and C), the gas first enters A for compression, the gas
displaced by A is then compressed by B, and the gas
displaced by B is then compressed by C. Alternative
forms comprise: for example, A serves as first pressure
level rotor assembly 1 and B serves as a second pressure
level assembly. Alternatively, B serves as a first pressure
level rotor assembly 1, and C serves as a second pres-
sure level assembly, or A serves as a first pressure level
rotor assembly 1, and C serves as a second pressure
level assembly.
[0028] Take a four-level screw compressor as an ex-
ample (e.g., comprising four rotor assemblies D, E, F,
and G), the gas enters D for compression, the gas dis-
placed by D is compressed by E, and the gas displaced
by E is compressed by F, and the gas displaced by F is
compressed by G again. The four rotor assemblies are
divided into two groups, where D and E are in the first
group, and F and G are in the second group. D is the first
pressure level rotor assembly 1 in the first group, and E
is the second pressure level rotor assembly 2 in the first
group. F is the first pressure level rotor assembly 1 in the
second group, and G is the second pressure level rotor
assembly 2 in the second group. The respective axial
forces of D and E are opposite to each other, and the
respective axial forces of F and G are opposite to each
other.
[0029] In some embodiments, the first pressure level
male rotor 11 and the second pressure level male rotor
21 are coaxially arranged to better balance a force re-
ceived by the screw compressor rotor assembly.
[0030] The coaxial arrangement allows that the axial
force received by the first pressure level rotor assembly
1 and the axial force received by the second pressure
level rotor assembly 2 are balanced on the concentric
shaft.
[0031] Referring to Fig. 1, in some embodiments, the
screw compressor further comprises a motor 4 disposed
between the first pressure level rotor assembly 1 and the
second pressure level rotor assembly 2. The motor 4
comprises a motor shaft 41, with a first end in driving
connection with the first pressure level male rotor 11, and
a second end of the motor shaft 41 in driving connection
with the second pressure level male rotor 21.
[0032] The rotation direction of the motor shaft 41, the
helical direction of the male and female rotors, and the
position of the female rotor relative to the male rotor all
affect the gas flow direction. In practical disclosures, the
above-described various factors are selected according
to the gas flow direction that is actually required.
[0033] Alternatively, the first end of the motor shaft 41
is directly key-connected with the first pressure level male
rotor 11, and the second end of the motor shaft 41 is
connected with the second pressure level male rotor 21
through a coupling 6. The coupling 6 is configured to
balance a torque generated by the rotor assemblies at

both ends of the motor shaft 41 due to the axial force
directions that do not overlap.
[0034] The first arrangement manner of the first pres-
sure level rotor assembly 1 and the second pressure level
rotor assembly 2 will be described below: referring to Fig.
1, in some embodiments, the helixes of the first pressure
level male rotor 11 and the second pressure level male
rotor 21 have the same helical direction, and the first
pressure level female rotor 12 and the second pressure
level female rotor 22 are located on both sides of the
shaft center line of the motor shaft 41, respectively.
[0035] Whether the first pressure level rotor assembly
1 and the second pressure level rotor assembly 2 use
the first arrangement manner described above or the sec-
ond arrangement manner described later, alternatively,
the entire screw compressor is provided: the fluid inlet
33 of the refrigerant is located at the top of the screw
compressor, and the fluid outlet 34 of the refrigerant is
located at the bottom of the screw compressor. This ar-
rangement manner facilitates the installation of other re-
lated components.
[0036] Referring to Fig. 1, in some embodiments, the
body 3 comprises a first pressure level body 31 and a
second pressure level body 32. The first pressure level
body 31 and the second pressure level body 32 are fixed
together. The first pressure level body 31 is internally
provided with a first pressure level rotor assembly 1; the
second pressure level body 32 is internally provided with
a second pressure level bearing seat 7, and the second
pressure level bearing seat 7 supports the second pres-
sure level rotor assembly 2, and the second pressure
level bearing seat 7 is integrally formed with the second
pressure level body 32. A bearing 53 and a bearing 54
are installed inside the second pressure level bearing
seat 7.
[0037] Referring to Fig. 1, a bearing 51 and a bearing
52 are installed within the first pressure level bearing seat
8. The bearing 51 supports the first pressure level male
rotor 11 and the bearing 52 supports the first pressure
level female rotor 12.
[0038] Taking the above-described motor 4 disposed
between the first pressure level rotor assembly 1 and the
second pressure level rotor assembly 2 as an example,
the body 3 further comprises, for example, an interme-
diate body 35, and only a part or an entirety of the housing
of the motor 4 is located within the intermediate body 35,
if the part comprised in the housing of the motor 4 is
located in the intermediate body 35, the motor shaft 41
projects out of the intermediate body 35 for driving con-
nection to each rotor assembly on both sides of the motor
4. If the motor 4 is entirely located within the intermediate
body 35, the driving connection between the motor shaft
41 and each rotor assembly on both sides of the motor
4 may be realized by using members such as a coupling.
[0039] In some embodiments, the body 3 is provided
with a fluid inlet 33 which is located on the top of the body
3.
[0040] Referring to Fig. 2, the fluid inlet 33 is specifically
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disposed in the first pressure level body 31 for example,
and located on the top of the first pressure level body 31.
Taking a double-level screw compressor as an example,
the first pressure level is a low pressure level, and the
second pressure level is a high pressure level. The low
pressure level is generally provided with a slide valve
structure which is located below the first pressure level
rotor assembly 1. Thus, at this time, the fluid inlet 33 is
disposed at the top to facilitate providing other related
structures.
[0041] Referring to Fig. 2, in some embodiments, the
body 3 is provided with a fluid outlet 34, which is located
at the top of the body 3. The thick arrow in Fig. 2 indicates
the flow of compressed gas, and the thin arrow indicates
the flow of supplementary liquid.
[0042] The fluid inlet 33 and the fluid outlet 34 of the
screw compressor are both arranged above as shown in
Fig. 2, so that the overall width dimension of the com-
pressor is greatly reduced, and the size of the unit shell
is correspondingly reduced, thereby effectively reducing
the cost.
[0043] In some embodiments, the screw compressor
is a single-motor double-level screw compressor. That
is, a motor 4 is used to simultaneously drive the male
rotors of the low pressure level and high pressure level
rotor assemblies.
[0044] Some specific embodiments will be introduced
below.
[0045] The symmetrical arrangement structure of the
single-motor double-level rotor assembly in the some
embodiments is shown in Fig. 1. The first pressure level
rotor assembly 1 is a low pressure level, and the second
pressure level rotor assembly 2 is a high pressure level.
The low pressure level male rotor and the low pressure
level female rotor are installed inside the low pressure
level body 3. The screw compressor uses a structure of
an underslung slide valve, and the female rotor is on the
left side of the male rotor. The high pressure level male
rotor and the high pressure level female rotor are installed
within the high pressure level body 3. With reference to
the center line of the motor shaft 41, the rotor is arranged
in a reversed manner, and the high pressure level and
low pressure level female rotors are in different positions
with respect to their own male rotors. The high pressure
level male rotor is driven by the motor 4 installed within
the motor body 3, and the motor shaft 41 drives the low
pressure level male rotor through the coupling. The cou-
pling 6 is inside the intermediate body 35, and is finally
assembled.
[0046] The flow direction of the entire screw compres-
sor enters from above and exits from above. Specifically,
the fluid direction of the first pressure level rotor assembly
1 enters from above and exits from below, and the fluid
direction of the second pressure level rotor assembly 2
enters from below and exits from above. A fluid supple-
menting port 36 is provided on the top of the intermediate
body 35 to supplement a low temperature liquid refriger-
ant. The sprayed liquid is settled to mix with the displace-

ment of the first pressure level, and cools the motor 4
when passing through the cavity of the motor 4. Since
the high pressure level suction port is arranged below,
the refrigerant passing through the cavity of the motor 4
flows to the bottom, and the flow distance of the refrig-
erant increases, which effectively cool the stator coil of
the motor 4, so that it is possible to effectively reduce the
displacement temperature and improve the energy effi-
ciency.
[0047] Since the first pressure level rotor assembly 1
and the second pressure level rotor assembly 2 are sym-
metrically arranged, if the same rotation direction is used,
the fluid outlets 34 are all arranged below, and the dis-
placement pressure is greater than the suction pressure.
The directions of the forces received by the rotors are all
from down to up, such that the upper side of the rotor
subjected to an excessive force is likely to be scratched
with the rotor cavity, and the coupling when having an
excessive offset is likely to cause too much noise. There-
fore, the rotation direction of the second pressure level
rotor assembly 2 is reversed as shown in Fig. 1. During
operation, in the direction of the top view, the low pres-
sure level rotor inwards with respect to the two rotors,
with a downward displacement and an upward force re-
ceived by the rotor. The second pressure level rotor as-
sembly 2 rotates outwards with respect to the rotors. The
two levels of rotors receive forced in opposite directions
and receive balanced forces. The rotation torque is bal-
anced by the coupling.
[0048] The above technical solutions, the oil path is
provided such that the low pressure level enters from the
first pressure level female rotor 12 side, and the first pres-
sure level male rotor 11 returns oil at the bottom; the high
pressure level enters from the second pressure level fe-
male rotor 22 side, and the second pressure level male
rotor 21 returns oil at the bottom, such that the oil return
may be ensured by supplying oil by a pressure difference.
[0049] The above-described technical solution imple-
ments balancing the force received by two levels of rotors
and improving the operation stability of the compressor
by symmetrically arranging the rotors. The fluid inlet 33
and the fluid outlet 34 of the compressor are both ar-
ranged above, which facilitate the maintenance and re-
duction of the cost.
[0050] The second arrangement manner of the first
pressure level rotor assembly 1 and the second pressure
level rotor assembly 2 will be introduced below.
[0051] In some embodiments, the helixes of the first
pressure level male rotor 11 and the second pressure
level male rotor 21 are in opposite helical directions. The
first pressure level female rotor 12 and the second pres-
sure level female rotor 22 are both located on the same
side of the shaft center line of the motor shaft 41.
[0052] Regardless of the above-described arrange-
ment manners of the first pressure level rotor assembly
1 and the second pressure level rotor assembly 2, the
entire screw compressor is provided such that the fluid
inlet 33 of the refrigerant is located at the top of the screw
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compressor, and the refrigerant fluid outlet 34 is located
at the bottom of the screw compressor.
[0053] For other unmentioned matters in some embod-
iments, please refer to the description of the above-de-
scribed embodiments.
[0054] In another embodiment of the present disclo-
sure, an air-conditioning unit is provided. The air-condi-
tioning unit comprises the screw compressor provided
by any technical solution of the present disclosure.
[0055] In the description of the present disclosure, it is
understood that, the azimuth or positional relations indi-
cated by the terms "center", "transverse", "longitudinal",
"front", "rear", "left", "right", "up", "down", "vertical", "hor-
izontal", "top", "bottom", "within", "outside", which are
based on the azimuth or positional relations illustrated
by the drawings, are only for facilitating description of the
present disclosure and simplifying the description, rather
than indicating or implying that the device or element
referred thereto has to present a particular azimuth, and
be constructed and operated in a particular azimuth, so
that it cannot be understood as limiting the protection
scope of the present disclosure.
[0056] Finally, it should be explained that: the afore-
mentioned embodiments are only configured to describe
the technical solution of the present disclosure rather
than limiting the same; although detailed explanations
are made to the present disclosure by referring to pre-
ferred embodiments, a common technical person in the
art should understand that: it is still possible to make
amendments to the embodiments of the present disclo-
sure or make equivalent replacements to part of the tech-
nical features; without departing from the spirit and scope
of the present disclosure, they should all be covered in
the scope of the technical solution for which protection
is sought in the present disclosure.

Claims

1. A screw compressor, comprising:

a first pressure level rotor assembly (1) compris-
ing a first pressure level male rotor (11) and a
first pressure level female rotor (12) that mesh
with each other;
a second pressure level rotor assembly (2) com-
prising a second pressure level male rotor (21)
and a second pressure level female rotor (22)
that mesh with each other; and
a body (3) in which the first pressure level rotor
assembly (1) and the second pressure level ro-
tor assembly (2) are arranged;
wherein the first pressure level rotor assembly
(1) and the second pressure level rotor assem-
bly (2) are configured to enable an axial force
received by the first pressure level rotor assem-
bly (1) and exerted by a compressed gas in the
first pressure level rotor assembly (1) opposite

to an axial force received by the second pres-
sure level rotor assembly (2) and exerted by a
compressed gas therein.

2. The screw compressor according to claim 1, wherein
the first pressure level male rotor (11) and the second
pressure level male rotor (21) are coaxially arranged.

3. The screw compressor according to claim 1, further
comprising:
a motor (4) disposed between the first pressure level
rotor assembly (1) and the second pressure level
rotor assembly (2), wherein the motor (4) comprises
a motor shaft (41) with a first end of (41) in driving
connection with the first pressure level male rotor
(11), and a second end of the motor shaft (41) in
driving connection with the second pressure level
male rotor (21).

4. The screw compressor according to claim 3, wherein
a helix of the first pressure level male rotor (11) has
the same helical direction as a helix of the second
pressure level male rotor (21), and the first pressure
level female rotor (12) and the second pressure level
female rotor (22) are respectively located on both
sides of a shaft center line of the motor shaft (41).

5. The screw compressor according to claim 1, wherein
the body (3) comprises:

a first pressure level body (31) in which the first
pressure level rotor assembly (1) is provided;
and
a second pressure level body (32) in which the
second pressure level rotor assembly (2) is pro-
vided, wherein the second pressure level bear-
ing seat supports the second pressure level rotor
assembly (2), and the second pressure level
bearing seat is integrally formed with the second
pressure level body (32).

6. The screw compressor according to claim 1, wherein
the body (3) is provided with a fluid inlet (33) which
is located at the top of the body (3).

7. The screw compressor according to claim 1, wherein
the body (3) is provided with a fluid outlet (34) which
is located at the top of the body (3).

8. The screw compressor according to claim 3, wherein
a helix of the first pressure level male rotor (11) has
a helical direction opposite to a helix of the second
pressure level male rotor (21), and the first pressure
level female rotor (12) and the second pressure level
female rotor (22) are both located on the same side
of a shaft center line of the motor shaft (41).

9. The screw compressor according to claim 1, wherein
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the screw compressor comprises a plurality of
groups of the first pressure level rotor assembly (1)
and the second pressure level rotor assembly (2).

10. The screw compressor according to claim 1, wherein
the screw compressor is a single-motor double-level
screw compressor.

11. The screw compressor according to claim 3, wherein
a first end of the motor shaft (41) is key-connected
to the first pressure level male rotor (11), and a sec-
ond end of the motor shaft (41) is connected to the
second pressure level male rotor (21) through a cou-
pling (6).

12. An air-conditioning unit comprising the screw com-
pressor according to any one of claims 1-11.
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