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(54) SCREW COMPRESSOR

(57) The present invention provides a screw com-
pressor in which an oil path is provided within the casing
body such that the oil for sealing gaps in the compression
chamber and lubricating the bearings is circulated to the
vicinity of the low pressure side, allowing the compressor
to have high adiabatic efficiency and high volumetric ef-
ficiency. The present invention also provides a screw
compressor in which an oil path is provided in the screw

bore outer circumferential portion of the casing body to
prevent contact between the screw rotor and the screw
bore portion of the casing body. The present invention
also provides a screw compressor which includes a heat
sink to increase the heat transfer area for exchanging
heat between the oil and refrigerant gas or liquid refrig-
erant, thereby achieving increased resistance toreturned
liquid refrigerant.
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Description
Technical Field

[0001] The present invention relates to a screw com-
pressor for compressing refrigerant gas. In particular, the
invention relates to a screw compressor in which the oil
to be introduced into the compression chamber and bear-
ings to seal gaps in the compression chamber and lubri-
cate the bearings is cooled to achieve high adiabatic ef-
ficiency and high volumetric efficiency. The present in-
vention also relates to a screw compressor in which the
difference in thermal expansion between the screw rotor
and the screw bore portion of the casing body due to their
temperature difference is reduced to prevent contact be-
tween the screw rotor and the screw bore portion due to
a reduction in the gap between them. The present inven-
tion also relates to a screw compressor which prevents
liquid compression by causing the liquid refrigerant to
exchange heatwhenitflows into the compressor, thereby
achieving increased resistance to returned liquid refrig-
erant.

Background Art

[0002] Conventional screw compressors have been
configured such that the oil for sealing gaps in the com-
pression chamber and lubricating the bearings is intro-
duced from the high pressure side into the compression
chamber and the bearings at nearly the discharge gas
temperature. Since a conventional screw compressor
has a configuration in which the oil for sealing gaps in
the compression chamber and lubricating the bearings
is introduced from the high pressure side into the com-
pression chamber and the bearings at nearly the dis-
charge gas temperature, the temperature of the com-
pression chamber becomes higher than necessary,
which increases the discharge gas temperature and
hence the oil temperature, falling into a vicious circle. If
liquid refrigerant is injected into the compressor to pre-
vent this, the adiabatic efficiency and volumetric efficien-
cy of the compressor decreases. The reduction in the
viscosity of the oil at high temperatures also leads to a
decrease in the adiabatic and volumetric efficiency. Fur-
thermore, when the oilis introduced into the compression
chamber at nearly the discharge gas temperature, the
screw rotor thermally expands more quickly than the
screw bore portion of the casing since the screw rotor
has smaller heat capacity. Consequently, the gap be-
tween the screw rotor and the screw bore portion of the
casing decreases, which might lead to contact between
the screw rotor and the screw bore portion and hence an
inability to operate the screw compressor properly if the
initial gap is set too small.

[0003] Some conventional screw compressors use the
discharge gas to heat the screw bore portion of the casing
to reduce the difference in thermal expansion between
the screw rotor and the screw bore portion of the casing.
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For example, Japanese Laid-Open Patent Publication
No. 6-42474 discloses a screw compressor in which the
discharge gas path is extended close to the edge of the
screw rotor in the axial direction on the suction side. This
structure can prevent the temperature of the low pressure
chamber from greatly affecting the inner cylinder of the
casing which covers the outer circumferential surface of
the screw rotor, thereby preventing seizure between the
screw rotor and the inner cylinder of the casing while
maintaining high performance withoutincreasing the seal
gap between the screw rotor and the inner cylinder.
[0004] With this conventional screw compressor, how-
ever, the pressure differential may increase depending
on the operating conditions, resulting in a reduced dis-
charge gas rate. This reduces the effect of the above
structure forimproving the thermal response of the screw
bore portion of the casing and thereby increases the dif-
ference in thermal expansion between the screw rotor
and the screw bore portion of the casing, which might
lead to their contact.

[0005] The present invention has been devised to
solve the above problems. It is, therefore, an object of
the present invention to provide a screw compressor in
which the oil to be introduced into the compression cham-
ber and bearings to seal gaps in the compression cham-
ber and lubricate the bearings is cooled to achieve high
adiabatic efficiency and high volumetric efficiency.
[0006] Anotherobject of the presentinvention is to pro-
vide a screw compressor in which the difference in ther-
mal expansion between the screw rotor and the screw
bore portion of the casing body due to their temperature
difference is reduced to prevent contact between the
screw rotor and the screw bore portion due to a reduction
in the gap between them.

[0007] Still another object of the present invention is
to provide a screw compressor which prevents liquid
compression by causing the liquid refrigerant to ex-
change heat when it flows into the compressor, thereby
achieving increased resistance to returned liquid refrig-
erant.

[0008] Yetanother object of the present invention is to
provide a screw compressor in which dew is prevented
from being formed on the power terminal portion of the
motor disposed in the casing body.

Disclosure of the Invention

[0009] Inascrew compressor of the presentinvention,
an oil path is provided in the casing body such that the
oil for sealing gaps in the compression chamber and lu-
bricating the bearings is circulated to the vicinity of the
low pressure side.

[0010] In another screw compressor of the present in-
vention, the above oil path is provided in the screw bore
outer circumferential portion of the casing body.

[0011] In stillanother screw compressor of the present
invention, a heat sink is provided to increase the heat
transfer area for exchanging heat with refrigerant gas or
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liquid refrigerant passed through the motor chamber.
Brief Description of the Drawings
[0012]

Fig. 1 is a cross-sectional view of a screw compres-
sor according to a first embodiment of the present
invention.

Fig. 2 is a cross-sectional view of a screw compres-
soraccording to a second embodiment of the present
invention.

Fig. 3 is a cross-sectional view of a screw compres-
sor according to a third embodiment of the present
invention.

Fig. 4 is a partial structural view of the screw com-
pressor according to the third embodiment of the
present invention.

Fig. 5 is a cross-sectional view of a screw compres-
sor according to a fourth embodiment of the present
invention.

Fig. 6 is a cross-sectional view of a screw compres-
sor according to a fifth embodiment of the present
invention.

Best Mode for Carrying Out the Invention

[0013] The presentinvention will be described in detail
with reference to the accompanying drawings.

First Embodiment

[0014] Fig. 1is a cross-sectional view of a screw com-
pressor according to a first embodiment of the present
invention. As shown in the figure, a motor 2 is fixed to
the inside walls of a cylindrical casing body 1 constituting
the body of the screw compressor. The motor 2 includes:
a stator 3 fixed to the inside walls of the casing body 1;
and a rotor 4 disposed inside the stator 3. A screw rotor
5 is also disposed within the casing body 1. The screw
rotor 5 and the motor rotor 4 are attached to a screw shaft
6 such that their axes are aligned. The screw rotor 5 has
a plurality of spiral compression grooves formed therein
and is connected through the screw shaft 6 to the motor
2, which rotates the screw rotor 5. Further, a motor cover
7 and an oil separator 8 are each fixed to a respective
end of the casing body 1.

[0015] In the screw compressor configured as de-
scribed above, the oil to be introduced into a compression
chamber 9 to seal the gap between the inner circumfer-
ential surface of the casing body 1 and the outer circum-
ferential surface of the screw rotor 5 in the compression
chamber 9 is circulated to the vicinity of the low pressure
side such as a low pressure chamber 10 of the compres-
sor. More specifically, within the casing body 1, an oil
path 11 is formed in a screw bore outer circumferential
portion 1b of a screw casing portion 1a (inside of which
the screw rotor 5 is disposed) such that the oil path 11
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extends from the compression chamber 9 to the low pres-
sure chamber 10 of the compressor. With this, the oil to
be introduced into the compression chamber 9 is cooled
by the cool refrigerant near the low pressure side, making
it possible to remove the heat of compression when the
cooled oil is put into the compression chamber 9. This
arrangement also prevents the reduction in the adiabatic
and volumetric efficiency due to the liquid refrigerant in-
jected to remove the heat of compression. The reduction
in the temperature of the oil increases the viscosity of the
oil and hence improves gap sealing performance, allow-
ing the screw compressor to have high efficiency.
[0016] With conventional screw compressors, when oil
of nearly the discharge gas temperature is put into the
compression chamber, the screw rotor 5 thermally ex-
pands more quickly than the casing body 1 since the
screw rotor 5 has smaller heat capacity. This reduces
the gap between the casing body 1 and the screw rotor
5. In the screw compressor of the present embodiment,
on the other hand, the oil is cooled in the vicinity of the
low pressure side, as described above, reducing the dif-
ference in thermal expansion between the casing body
1 and the screw rotor 5 due to their heat capacity differ-
ence. This can prevent contact between the screw rotor
5 and the casing body 1 even when the initial gap is set
small, allowing the screw compressor to achieve high
reliability.

[0017] Further, since the oil path 11 for circulating the
oil to the vicinity of the low pressure side is formed in the
screw bore outer circumferential portion 1b of the screw
casing portion 1a, the oil of nearly the discharge gas tem-
perature warms the screw bore outer circumferential por-
tion 1b until it reaches the vicinity of the low pressure
side (i.e., the low temperature portion) of the screw casing
portion 1a. This improves the thermal response of the
screw casing portion 1a with respect to the discharge
gas temperature, making it possible to reduce the differ-
ence in thermal expansion between the screw rotor 5 and
the screw casing portion 1a.

[0018] Further, since the oil path 11 is formed in the
screw bore outer circumferential portion 1b of the screw
casing portion 1a so as to warm the screw casing portion
1a by the oil, as described above, a sufficient amount of
oilis supplied even when the pressure differential is large
and hence the discharge gas rate is reduced, meaning
that the effect of warming the screw casing portion 1a is
not reduced. Therefore, it is possible to reduce the dif-
ference in thermal expansion between the screw rotor 5
and the screw casing portion 1a, allowing the screw com-
pressor to have high reliability.

[0019] Further, the oil circulation path 11 may be
formed to have the following configuration. The oil path
11 runs from the oil separator 8 through the screw bore
outer circumferential portion 1b of the screw casing por-
tion 1a to warm the screw bore portion 4b with the oil.
Then, the path goes to the low pressure side (the low
pressure chamber 10 of the compressor, the motor
chamber, etc.) to cool the oil, which is then put into the
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compression chamber 9. Such an arrangement achieves
the effect of warming the screw casing portion 1a with
the oil, as described above, as well as increasing the
adiabatic efficiency and volumetric efficiency by cooling
the oil, allowing the screw compressor to have high effi-
ciency and high reliability.

Second Embodiment

[0020] Fig. 2is a cross-sectional view of a screw com-
pressor according to a second embodiment of the
present invention. As shown in the figure, an external oil
path 11a protruding externally of the casing body 1 is
added to the oil path 11. A solenoid valve 12 is attached
to this external oil path 11a so as to control the oil flow,
allowing or not allowing the oil to pass. With this arrange-
ment, when the thermal expansion of the screw rotor 5
is small as in normal operation and hence the screw cas-
ing portion 1a need not be warmed, the solenoid valve
12 may be closed to stop the oil flow in order to prevent
an increase in the gap between the screw rotor 5 and the
screw bore portion of the screw casing portion 1a. The
oil may be allowed to flow through the oil path 11 only
when the gap between the screw rotor 5 and the screw
bore portion of the screw casing portion 1a is reduced
due to the expansion of the screw rotor 5 caused by in-
creased discharge gas temperature, etc. Thus, it is pos-
sible to ensure the reliability of the screw compressor
while preventing the reduction in the volumetric efficiency
due to an increase in the gap in normal operation.

Third Embodiment

[0021] Fig. 3 is a cross-sectional view of a screw com-
pressor according to a third embodiment of the present
invention. In the first embodiment, the oil trapped in the
oil separator 8 is drawn into the oil path 11. The third
embodiment, on the other hand, is configured such that
an oil temperature control device 13 is provided on the
inlet side of the oil path 11 and the oil is introduced to the
oil path 11 through the oil temperature control device 13.
Even though Fig. 3 shows an example in which the oil
temperature control device 13 is provided in an oil tank
14 outside the compressor, it may be installed in the oil
trapping portion (that is, the lower portion) of the oil sep-
arator 8 within the compressor. The oil temperature may
be adjusted in the oil temperature control device 13 so
as to heat the screw casing portion 1a and thereby ex-
pand the screw bore portion when the compression ratio
or the discharge gas temperature is high, which makes
it possible to minimize the difference in thermal expan-
sion between the screw casing portion 1a and the screw
rotor 5 and prevent their contact. Thus, it is possible to
provide a highly reliable screw compressor. Further, after
the oil is passed through the screw bore portion of the
screw casing portion 1a to warm the screw casing 1a,
the above oil temperature control may be performed so
as to cool the oil, which then may be put into the com-
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pression chamber 9. Such an arrangement allows pre-
vention of seizure, etc. due to the expansion of the screw
rotor 5, achieving high reliability. Furthermore, the in-
crease in the oil viscosity results in an increase in the
sealing performance, allowing the screw compressor to
have high efficiency.

[0022] Further, the above oil temperature control de-
vice 13 may be divided into two portions each disposed
on a respective side of the screw bore outer circumfer-
ential portion 1b of the screw casing portion 1a. In such
a configuration, the oil may be set at a high temperature
before it is passed through the screw bore outer circum-
ferential portion 1b. Then, after the oil is passed through
the screw bore outer circumferential portion 1b, it may
be set at a low temperature. This allows effectively pro-
viding increased adiabatic efficiency and volumetric effi-
ciency through cooling of the oil, as well as increased
reliability through warming of the casing.

[0023] Further, in the above oil temperature control,
the discharge gas temperature may be detected and the
oil temperature may be controlled according to the tem-
perature or the degree of superheat of the discharge gas.
Forexample, when the discharge gas temperature is high
(exceeding 100°C), the oil temperature may be increased
to further expand the screw casing portion 1a and thereby
prevent contact between the screw rotor 5 and the screw
bore portion of the screw casing portion 1a.

[0024] Further, anoncontact/eddy currenttype gap de-
tector 15, etc. may be attached to detect the gap between
the screw casing portion 1a and the screw rotor 5, as
shown in Fig. 4. Then, in the above oil temperature con-
trol, the oil temperature may be controlled while detecting
the gap, allowing the gap between the screw rotor 5 and
the screw casing portion 1a to be minimized. This allows
the screw compressor to achieve reduced internal leak,
as well as high performance and high reliability.

[0025] According to the first embodiment, the oil path
11 is formed in the screw bore outer circumferential por-
tion 1b, as described above. In addition, the third embod-
iment is configured such that the temperature of the cir-
culating oil is controlled, also as described above. Fur-
thermore, according to the third embodiment, the oil path
11 may be divided into upper and lower paths. When
liquid refrigerant or wet vapor refrigerant enters the screw
compressor, the refrigerant tends to accumulate on the
bottom of the compressor due to its own weight, making
the temperature of the screw casing portion lower in the
lower portion of the compressor than in the upper portion.
To address this problem, the above lower path of the oil
path 11 may be set to have a larger heat transfer area
than the upper path, or the oil supplied to the lower path
may be set at a higher temperature than the oil supplied
to the upper path, or oil may be supplied to only the lower
path, in order to warm the lower portion of the compres-
sor. Such arrangements reduce the temperature differ-
ence between the upper and lower portions of the com-
pressor, allowing the compressor to have resistance to
returned liquid refrigerant and high reliability.
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[0026] Further, when the suction gas contains a con-
siderable amount of liquid refrigerant, the oil flow rate
may be increased accordingly. Thus, appropriately con-
trolling the oil flow rate enhances the resistance to re-
turned liquid refrigerant.

Fourth Embodiment

[0027] Fig. 5is a cross-sectional view of a screw com-
pressor according to a fourth embodiment of the present
invention. According to the first embodiment, the oil path
11 is formed so as to circulate the high temperature oil
to the vicinity of the low pressure side, as described
above. The fourth embodiment, on the other hand, is con-
figured such that part or all of the oil path, denoted by
11b, is extended so as to circulate the oil close to the
power terminal portion 16 and the terminal block 17 of
the motor 2 disposed in the casing body 1 of the com-
pressor. When the screw compressor is operated under
low temperature conditions, that is, when the suction gas
temperature is low, dew may be formed on the terminal
block 17 and the power terminal portion 16, depending
on the ambient temperature and humidity conditions,
which might lead to a short circuit in the power supply.
However, circulating the oil close to the power terminal
portion 16 and the terminal block 17 and thereby warming
them prevents dew from being formed thereon, allowing
the screw compressor to have enhanced reliability.

Fifth Embodiment

[0028] Fig. 6 is a cross-sectional view of a screw com-
pressor according to a fifth embodiment of the present
invention. In the screw compressor of the first embodi-
ment, the oil path 11 is formed so as to circulate the oil
to the vicinity of the low pressure side, as described
above. The fifth embodiment, on the other hand, is con-
figured such that the oil path 11 is formed so as to circu-
late the oil to the vicinity of a boundary wall Ic of the casing
body 1 constituting the boundary between the motor
chamber 2 and the compressor low-pressure chamber
10 on the low pressure side, as shown in Fig. 6, for ex-
ample. A heat sink 18 may be attached to the boundary
wall Ic such that it sits on both the motor chamber 2 and
the compressor low-pressure chamber 10 to increase
the heat transfer area for cooling the oil circulated to the
boundary wall 1c. Even when refrigerant in a liquid state
is injected into the compressor, the high temperature oil
circulated to the vicinity of the low pressure side heats
the refrigerant (as in other embodiments). At that time,
the above heat sink 18 increases the heat transfer area
for exchanging heat between the refrigerant and the oil,
allowing the screw compressor to have increased resist-
ance to returned liquid refrigerant and high reliability.

[0029] Further, the heat sink 18 which is attached to
the boundary wall 1c of the casing body 1 such that it sits
on both the motor chamber 2 and the compressor low-
pressure chamber 10 may be provided with cooling fins
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to improve its heat exchange performance.
Industrial Applicability

[0030] According to the present invention described
above, the oil to be introduced into the compression
chamber is circulated to the vicinity of the low pressure
side and thereby cooled. The cooled oil is put into the
compression chamber so as to be able to remove the
heat of compression and thereby prevent the adiabatic
efficiency and volumetric efficiency from being reduced.
The reduction in the oil temperature increases the vis-
cosity of the oil and hence enhances the oil gap sealing
performance, allowing the screw compressor to have
high efficiency.

[0031] Further according to the present invention, a
heat sink is attached near the boundary position between
the motor chamber and the compressor lower-pressure
chamber on the low pressure side to increase the heat
transfer area for cooling the oil. As a result of circulating
the oil to the vicinity of the low pressure side and providing
the heat sink, it is possible to prevent liquid compression
by causing the liquid refrigerant to exchange heat with
the oil when the liquid refrigerant flows into the compres-
sor, allowing the screw compressor to have increased
resistance to returned liquid refrigerant.

Claims
1. A screw compressor comprising:

a casing body;

a motor disposed within said casing body;

a screw rotor disposed such that the screw rotor
rotates together with a rotor of said motor within
said casing body; and

a compression chamber formed between said
screw rotor and said casing body;

wherein an oil path is provided within said casing
body to circulate an oil to a vicinity of the low
pressure side of said compressor, said oil being
introduced into said compression chamber to
seal gaps in said compression chamber or lu-
bricate a bearing.

2. The screw compressor as claimed in claim 1, where-
in said oil path is provided in a screw bore outer cir-
cumferential portion of said casing body.

3. Thescrew compressor as claimed in claim 1, where-
in a portion of said oil path protrudes externally of
said casing body and has a solenoid valve attached
thereto.

4. The screw compressor as claimed in claim 1, where-
in an oil temperature control device is provided on
aninlet side of said oil path to control the temperature
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of said oil before said oil is introduced into said oil
path.

5. The screw compressor as claimed in claim 4, where-
in:

said oil temperature control device is divided into
two portions each attached to said oil path on a
respective side of a screw bore outer circumfer-
ential portion of said casing body;

said oil is set at a high temperature before it is
passed through said screw bore outer circum-
ferential portion; and

said oil is set at a low temperature after it is
passed through said screw bore outer circum-
ferential portion.

6. The screw compressor as claimed in claim 4, where-
in:

a gap detector is provided to detect a gap be-
tween an inner circumferential portion of said
casing body and said screw rotor; and

said temperature of said oil is controlled in ac-
cordance with detection results from said gap
detector.

7. The screw compressor as claimed in claim 1, where-
in said oil path is extended to a vicinity of a power
terminal portion and a terminal block of said motor
disposed within said casing body.

8. The screw compressor as claimed in claim 1, where-
in:

said oil path is extended to a vicinity of a bound-
ary wall of said casing body, said boundary wall
constituting a boundary between a motor cham-
ber and a low pressure chamber of said com-
pressor; and

a heat sink is attached to said boundary wall
such that said heat sink sits on both said motor
chamber and said low pressure chamber of said
compressor.

9. A screw compressor comprising:

a casing body;

a motor disposed within said casing body;

a screw rotor disposed such that the screw rotor
rotates together with a rotor of said motor within
said casing body;

a screw shaft connected between said screw
rotor and said motor rotor so as to align the axes
of said screw rotor and said motor rotor;

a bearing for supporting said screw shaft; and
a compression chamber formed between said
screw rotor and said casing body;
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10

wherein an oil path is provided within said casing
body to circulate an oil to a vicinity of the low
pressure side of said compressor, said oil being
introduced into said compression chamber to
seal gaps in said compression chamber or lu-
bricate said bearing.
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