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(54) SCREW COMPRESSOR AND REFRIGERATION CYCLE DEVICE

(57) A screw compressor includes an economizer
passage (50) provided in a casing (1) and allowing an
outside of the casing (1) and a slide groove (14) in which
a slide valve (12) is provided to communicate with each
other, and an economizer port (12p) provided in the slide
valve (12) and allowing the economizer passage (50) to
communicate with one of compression chambers (11) in
accordance with a position of the slide valve (12). The

slide valve (12) gradually advances a timing of starting
discharge by moving from a discharge side toward a suc-
tion side. The economizer port (12p) is provided at a po-
sition where the economizer port (12p) communicates
with a suction-pressure chamber (1C) when the slide
valve (12) is positioned at an extreme end on the suction
side.
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Description

Technical Field

[0001] The present invention relates to a screw com-
pressor included in a refrigeration cycle for refrigeration,
air-conditioning and the like, and having an economizer
function, and to a refrigeration cycle apparatus.

Background Art

[0002] There is a hitherto known refrigeration cycle ap-
paratus that performs an economizer operation for the
purpose of improving the coefficient of performance (a
ratio of the refrigeration capacity to the input to a com-
pressor) of a refrigeration cycle. In the economizer op-
eration, an intermediate cooling device is provided in the
refrigeration cycle, and economizer gas from the inter-
mediate cooling device is fed into a compression cham-
ber (see Patent Literature 1, for example).
[0003] Regarding this refrigeration cycle apparatus, an
exemplary economizer cycle has been disclosed in which
an economizer pipe is connected to an economizer port
provided in a casing of a screw compressor, whereby the
economizer gas from the intermediate cooling device is
fed into the compression chamber.
[0004] Furthermore, there is a hitherto known tech-
nique as a screw compressor in which a column-like slide
valve that is slidable in a direction of a rotating shaft of a
screw rotor is provided on the outer periphery of the screw
rotor so as to control the capacity (see Patent Literature
2, for example). Such capacity control using a slide valve
is referred to as mechanical capacity control, which is
distinguished from rotation-speed capacity control.
[0005] In the capacity control performed by using the
slide valve, a suction bypass port that connects one of
compression chambers to a suction-pressure space is
opened by moving the slide valve toward a discharge
side, whereby the timing of completion of suction is de-
layed, and a small-capacity operation is implemented.
[0006] The screw compressor according to Patent Lit-
erature 2 includes an economizer passage through which
refrigerant gas from an intermediate cooling device is
injected into the compression chamber. Specifically, an
economizer port is provided in an inner-surface side of
a casing of the screw compressor, and an intermediate
suction passage is provided in an outer-surface side of
the casing.
[0007] The intermediate suction passage allows the
outer surface of the casing and a slide groove in which
the slide valve is fitted to communicate with each other.
Furthermore, the slide valve has a large-diameter pas-
sage and a small-diameter passage provided therein.
[0008] According to Patent Literature 2 employing
such a configuration, the intermediate suction passage
and the economizer port are allowed to communicate
with each other via the small-diameter passage in a
small-capacity operation, whereas the intermediate suc-

tion passage and the economizer port are allowed to
communicate with each other via the large-diameter pas-
sage in a large-capacity operation.
[0009] Specifically, passages having different diame-
ters are provided in the slide valve, and the resistance in
the economizer passage is changed by utilizing the
movement of the slide valve. Thus, an intermediate pres-
sure is raised in the small-capacity operation in which
the pressure difference between the intermediate cooling
device and the compression chamber is small, whereby
a stable economizer operation is realized.

List of Citations

Patent Literature

[0010]

Patent Literature 1: Japanese Unexamined Patent
Application Publication JP 5-010 614 A (page 2 and
FIG. 1)
Patent Literature 2: Japanese Unexamined Patent
Application Publication JP 4-136 663 A (page 3 and
FIG. 1)

Summary of the Invention

Technical Problem

[0011] A hitherto mainstream energy-saving index for
refrigerating machines including screw compressors is
the coefficient of performance (capacity/power consump-
tion) obtained under rated conditions (conditions at full
load: 100 % load). Recently, however, an index obtained
under conditions close to the actual operating conditions,
for example, IPLV (integrated part load value) specified
in the United States, has been attracting attention.
[0012] The total time period per year for which a typical
refrigerating machine is operated under rated conditions
is very short. Such a refrigerating machine is operated
at part load for 90 % or more of the year-round operating
time. In most cases of operation at part load, the load
ranges particularly from 75 % to 50 % of full load. The
full-load operation and the part-load operation are differ-
ent in the amount of refrigerant that is in circulation and
the operating compression ratio and therefore have dif-
ferent coefficients of performance.
[0013] Under such circumstances of the actual opera-
tion, the integrated part load value has attracted atten-
tion. That is, the integrated part load value is an index
that focuses on the coefficient of performance under con-
ditions at part load.
[0014] In the full-load operation, the difference be-
tween the high pressure and the low pressure in the re-
frigeration cycle is large, resulting in a large-capacity op-
eration. In the part-load operation, the difference be-
tween the high pressure and the low pressure in the re-
frigeration cycle is small, resulting in a small-capacity op-
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eration. In the full-load operation, preforming the econo-
mizer operation improves the coefficient of performance.
[0015] In the part-load operation, as the difference be-
tween the high pressure and the low pressure becomes
smaller, the effect of the economizer operation becomes
smaller. Moreover, depending on conditions, the coeffi-
cient of performance may be deteriorated. Therefore, if
whether to start or stop the economizer operation is de-
termined in accordance with whether the operation is at
full load or at part load, the integrated part load value can
be improved.
[0016] According to Patent Literature 2, the large-di-
ameter passage and the small-diameter passage that
are provided in the slide valve communicate with the com-
pression chamber via the economizer port provided in
the casing. Therefore, in the state where the economizer
operation is stopped, even if the slide valve is moved so
that the passage in the slide valve is separated from the
compression chamber, the economizer port provided in
the casing remains communicating with the compression
chamber.
[0017] Hence, the economizer port forms a volume part
(dead volume) that is uselessly compressed from a state
under the suction pressure to a state under the discharge
pressure, which is a factor that generates a re-expansion
loss.
[0018] Furthermore, in a region where the economizer
port is provided, the length of a refrigerant leakage pas-
sage formed between adjacent ones of the compression
chambers is short. Therefore, in a very-small-capacity
operation such as an operation at 25 % load, the influence
of leakage is not negligible.
[0019] Hence, the diameter of the economizer port
needs to be made smaller than the land width between
adjacent ones of screw grooves (the width of a raised
part between adjacent ones of the screw grooves) so that
the economizer port does not form a refrigerant leakage
passage between adjacent ones of the compression
chambers when the economizer operation is stopped.
However, if the diameter of the economizer port is re-
duced, a satisfactory flow rate cannot be provided in the
economizer operation.
[0020] Accordingly, in view of such requirements im-
posed on the economizer port, there has been a demand
for an effective improvement in the design of the econo-
mizer port for realization of a high coefficient of perform-
ance obtained in a wide range of operating conditions.
[0021] The present invention is to solve the above
problems and provides a screw compressor and a refrig-
eration cycle apparatus that each achieves a high coef-
ficient of performance over a wide range of operating
conditions with an economizer port provided at an opti-
mized position.

Solution to the Problem

[0022] A screw compressor according to the present
invention includes

a casing having a discharge port and including a cylin-
drical inner cylinder-surface portion;
a screw rotor rotatably housed in the inner cylinder-sur-
face portion of the casing and having a plurality of screw
grooves in an outer periphery;
a gate rotor having tooth portions that are provided on
an outer periphery and come into mesh with the screw
grooves, the gate rotor defining compression chambers
in combination with the screw grooves and the inner cyl-
inder-surface portion;
a suction-pressure chamber provided in the casing and
having a suction-pressure atmosphere;
a slide groove provided in the inner cylinder-surface por-
tion of the casing and extending in a direction of a rotating
shaft of the screw rotor;
a slide valve provided in the slide groove in such a manner
as to be slidable in the direction of the rotating shaft of
the screw rotor, the slide valve adjusting a timing of start-
ing discharge;
an economizer passage provided in the casing and al-
lowing an outside of the casing and the slide groove to
communicate with each other; and
an economizer port provided in the slide valve and allow-
ing the economizer passage to communicate with one of
the compression chambers in accordance with a position
of the slide valve.
[0023] The slide valve gradually advances the timing
of starting discharge by proceeding from a discharge side
toward a suction side. The economizer port is provided
at a position where the economizer port communicates
with the suction-pressure chamber when the slide valve
is positioned at an extreme end on the suction side.

Advantageous Effects of the Invention

[0024] According to the present invention, when the
slide valve is positioned at the extreme end on the suction
side, a state that is exactly the same as that of a com-
pressor not including the economizer port can be pro-
duced. Therefore, no re-expansion loss due to the pres-
ence of the economizer port is generated, and there is
no increase in the amount of refrigerant leakage through
the economizer port. Hence, a screw compressor that
realizes a high coefficient of performance over a wide
range of operating conditions can be provided.

Brief Description of the Drawings

[0025]

FIG. 1 is a refrigerant circuit diagram of a refrigera-
tion cycle apparatus 200 including a screw
compressor 100 according to Embodiment 1
of the present invention.

FIG. 2 is a schematic cross-sectional view of the
screw compressor 100 according to Embod-
iment 1 of the present invention.

FIG. 3 is a cross-sectional view taken along line A-
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A illustrated in FIG. 2.
FIG. 4 includes perspective views illustrating a part

around a discharge port 15 (a housing por-
tion) of the screw compressor 100 according
to Embodiment 1 of the present invention.

FIG. 5 illustrates a part around the discharge port 15
of the screw compressor 100 according to
Embodiment 1 of the present invention.

FIG. 6 illustrates a part around one of economizer
ports 12p according to Embodiment 1 of the
present invention.

FIG. 7 illustrates a refrigeration cycle established
when an economizer operation is performed
in the refrigeration cycle apparatus 200 ac-
cording to Embodiment 1 of the present in-
vention.

FIG. 8 is a pressure-specific enthalpy diagram ob-
tained when the refrigeration cycle apparatus
200 according to Embodiment 1 of the
present invention is in full-load operation.

FIG. 9 is a pressure-specific enthalpy diagram ob-
tained when the refrigeration cycle apparatus
200 according to Embodiment 1 of the
present invention is in part-load operation
with a small difference between the high pres-
sure and the low pressure.

FIG. 10 includes diagrams illustrating the principle of
compression performed by the screw com-
pressor 100 according to Embodiment 1 of
the present invention.

FIG. 11 includes diagrams illustrating the relationship
between the angle of screw rotation and the
economizer port 12p in the screw compressor
100 according to Embodiment 1 of the
present invention.

FIG. 12 includes diagrams illustrating the relationship
between the angle of screw rotation and the
economizer port 12p in the screw compressor
100 according to Embodiment 1 of the
present invention.

FIG. 13 illustrates a part around a slide valve 120 in-
cluded in a screw compressor 100 according
to Embodiment 2 of the present invention.

FIG. 14 includes diagrams illustrating the slide valve
120 according to Embodiment 2 of the
present invention that is positioned on a dis-
charge side.

FIG. 15 includes diagrams illustrating the slide valve
120 according to Embodiment 2 of the
present invention that is positioned on a suc-
tion side.

FIG. 15 A includes diagrams illustrating a modifica-
tion of the positional relationship between the
economizer port 12p and an economizer pas-
sage 50 in the screw compressor 100 accord-
ing to Embodiment 2 of the present invention.

FIG. 16 includes diagrams illustrating a modification
of the economizer port 12p or economizer

ports 120p in terms of the diameter thereof.

Description of Embodiments

Embodiment 1

[0026] FIG. 1 is a refrigerant circuit diagram of a refrig-
eration cycle apparatus 200 including a screw compres-
sor 100 according to Embodiment 1 of the present inven-
tion. In FIG. 1 and in each of the drawings to be referred
to hereinafter, the same reference numerals denote the
same or corresponding elements, which applies through-
out this specification. Furthermore, embodiments of in-
dividual elements described throughout this specification
are only exemplary and are not limited thereto.
[0027] The refrigeration cycle apparatus 200 includes
a refrigerant circuit in which the screw compressor 100
that is driven by an inverter 101, a condenser 102, a high-
pressure section of an intermediate cooling device 103,
an expansion valve 104 as a decompression device, and
an evaporator 105 are connected to one another in that
order with refrigerant pipes.
[0028] The refrigeration cycle apparatus 200 further in-
cludes an economizer pipe 107 that branches off from a
point between the intermediate cooling device 103 and
the expansion valve 104. The economizer pipe 107 is
connected to the screw compressor 100 via an interme-
diate-cooling-device expansion valve 106 and a low-
pressure section of the intermediate cooling device 103.
[0029] The condenser 102 cools and condenses gas
discharged from the screw compressor 100. The expan-
sion valve 104 throttles and expands liquid obtained
through separation performed in the condenser 102. The
evaporator 105 evaporates refrigerant discharged from
the expansion valve 104. The intermediate cooling de-
vice 103 causes high-pressure-side refrigerant in a por-
tion between the condenser 102 and the expansion valve
104 and low-pressure-side refrigerant obtained through
the decompression of some of the high-pressure-side
refrigerant by the intermediate-cooling-device expansion
valve 106 to exchange heat with each other, whereby
the intermediate cooling device 103 cools the high-pres-
sure-side refrigerant.
[0030] The refrigeration cycle apparatus 200 further in-
cludes a controller 201 that controls the entirety of the
refrigeration cycle apparatus, that is, the controller 201
controls the inverter 101, the expansion valve 104, and
the intermediate-cooling-device expansion valve 106;
the positions of slide valves 12 of the screw compressor
100; the driving and stopping of the below-described
economizer operation; and so forth.

Screw Compressor

[0031] Now, the screw compressor 100 according to
Embodiment 1 of the present invention will be described
with reference to FIGS. 2 to 6.
[0032] FIG. 2 is a schematic cross-sectional view (sec-
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tional plan view) of the screw compressor 100 according
to Embodiment 1 of the present invention. FIG. 3 is a
cross-sectional view taken along line A-A illustrated in
FIG. 2.
[0033] The screw compressor 100 includes a casing
1, a screw rotor 4, gate rotors 7, a motor 8 that drives the
screw rotor 4 to rotate, the slide valves 12, and so forth.
The casing 1 houses the screw rotor 4, the gate rotors
7, the motor 8, the slide valves 12, and so forth. The
casing 1 has discharge ports 15 (see FIG. 4 to be referred
to below) provided in a housing portion (inner cylinder-
surface portion) 1A. Details of the discharge ports 15 will
be described later.
[0034] The housing portion 1A, which is a substantially
round columnar space, is provided in the casing 1. The
screw rotor 4, which has a substantially round columnar
shape, is housed in the housing portion 1A. The screw
rotor 4 has a fluid suction side at one end thereof and a
fluid discharge side at the other end thereof. The screw
rotor 4 has a plurality of helical screw grooves 10 in the
outer peripheral surface thereof.
[0035] Furthermore, a rotating shaft 9 as a driving shaft
is provided in the center of the screw rotor 4 in such a
manner as to rotate together with the screw rotor 4. The
rotating shaft 9 is rotatably supported by a high-pressure-
side bearing 2 and a low-pressure-side bearing 3 that
are provided in the casing 1. The motor 8 is provided at
an end of the rotating shaft 9 that is on the side of the
low-pressure-side bearing 3. The frequency of the motor
8 is controlled by, for example, an inverter (not illustrat-
ed).
[0036] The casing 1 has a pair of gate-rotor-supporting
chambers 6 provided across the housing portion 1A (i.e.,
the screw rotor 4) from each other. The gate-rotor-sup-
porting chambers 6 house the respective gate rotors 7,
which each have a substantially disc-like shape. The gate
rotors 7 are provided on respective gate-rotor supports
5 housed in the respective gate-rotor-supporting cham-
bers 6.
[0037] The gate-rotor supports 5 are each positioned
such that a center shaft (rotating shaft) 5b thereof is sub-
stantially perpendicular to the rotating shaft 9 of the screw
rotor 4. The gate-rotor supports 5 are each rotatably sup-
ported by respective bearings 5a that are space apart
from each other and opposite each other in the direction
of the center shaft 5b.
[0038] In FIG. 3, the arrangement of the gate rotor 7
and the gate-rotor support 5 that are housed in the gate-
rotor-supporting chamber 6 provided on the left side of
the housing portion 1A and the arrangement of the gate
rotor 7 and the gate-rotor support 5 that are housed in
the gate-rotor-supporting chamber 6 provided on the right
side of the housing portion 1A are in respective orienta-
tions that are different from each other by 180° with re-
spect to the rotating shaft 9 of the screw rotor 4.
[0039] The gate rotors 7 each define compression
chambers 11 in combination with the housing portion 1A
and the screw rotor 4. The gate rotors 7 each have a

plurality of gate-rotor teeth 7a on the outer periphery
thereof. The gate-rotor teeth 7a are made to mesh with
the screw grooves 10. More specifically, the casing 1 has
gate-rotor opening ports 1a extending in the direction of
the rotating shaft 9 (see FIG. 2).
[0040] The gate-rotor opening ports 1a each extend
along and beyond the inclination of one of the screw
grooves 10 that is positioned at the back thereof, and is
continuous with a suction wall 1c of the housing portion
1A that defines one of the compression chambers that
is positioned at the back thereof.
[0041] The outer periphery of each of the gate rotors
7 is positioned in a corresponding one of the gate-rotor
opening ports 1a provided in the casing 1. That is, some
of the gate-rotor teeth 7a of the gate rotor 7 are positioned
in the housing portion 1A via the gate-rotor opening port
1a and are in mesh with corresponding ones of the screw
grooves 10.
[0042] Thus, spaces individually enclosed by the gate
rotor 7, the inner wall of the housing portion 1A, and the
screw rotor 4 (in other words, the screw grooves 10 that
are defined by the gate-rotor teeth 7a of the gate rotor 7
and the housing portion 1A) are provided as the com-
pression chambers 11.
[0043] The casing 1 has two slide grooves 14 in the
inner wall thereof. The slide grooves 14 extend in the
direction of the rotating shaft 9 of the screw rotor 4. The
slide valves 12 are slidably fitted in the respective slide
grooves 14. More specifically, the two slide grooves 14
each have a substantially round columnar shape, with a
portion of the inner peripheral surface thereof being con-
nected to the housing portion 1A. The two slide grooves
14 are at respective positions that are at 180° from each
other with respect to the rotating shaft 9 of the screw rotor
4.
[0044] The slide valves 12 fitted in the respective slide
grooves 14 each have a substantially round columnar
shape, as with the slide grooves 14, with a part thereof
cut off such that a counter surface 1e thereof conforms
to the outer peripheral wall of the housing portion 1A. A
direct-acting actuator (not illustrated) is connected to the
slide valve 12 via a connecting portion 12c. When the
direct-acting actuator is driven, the slide valve 12 moves
within the slide groove 14 in the direction of the rotating
shaft 9 of the screw rotor 4.

Detailed Configuration Around Discharge Port 15

[0045] A detailed configuration around each of the dis-
charge ports 15 of the screw compressor 100 according
to Embodiment 1 will now be described.
[0046] FIG. 4 includes perspective views illustrating a
part around one of the discharge ports 15 (the housing
portion) of the screw compressor 100 according to Em-
bodiment 1 of the present invention. The perspective
views in FIG. 4 are seen in the direction of white arrow
B illustrated in FIG. 3.
[0047] FIG. 4(a) illustrates a state where the slide valve
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12 is positioned on the discharge side. FIG. 4(b) illus-
trates a state where the slide valve 12 is positioned on
the suction side. In FIG. 4, for simple illustration of the
configuration around the discharge port 15, elements
such as guide portions that are connected to the con-
necting portion 12c are not illustrated.
[0048] FIG. 5 illustrates a configuration around the dis-
charge port 15 of the screw compressor 100 according
to Embodiment 1 of the present invention in a state where
the slide valve 12 is positioned at the extreme end on the
suction side. The expression "extreme end on the suction
side" used herein refers to "extreme end on the suction
side" of the range within which the slide valve 12 moves
for adjusting the timing of discharge, and does not nec-
essarily coincide with "extreme end on the suction side"
of the full slidable range of the slide valve 12.
[0049] That is, the two kinds of "extreme end on the
suction side" coincide with each other if the range within
which the slide valve 12 moves for adjusting the timing
of discharge and the slidable range of the slide valve 12
are the same. Otherwise, "extreme end on the suction
side" used herein may be nearer to the discharge side
than "extreme end on the suction side" of the slidable
range of the slide valve 12. The same applies to an ex-
pression "extreme end on the discharge side" to be used
hereinafter.
[0050] As illustrated in FIG. 4, the slide valve 12 is fitted
in the slide groove 14 (see FIG. 5) in such a manner as
to be movable parallel to the rotating shaft 9 (see FIG.
2). The timing of starting discharge is adjusted by chang-
ing the position of a discharge-side end face 12d of the
slide valve 12. That is, in a part-load operation and when
the compression ratio is relatively low, the slide valve 12
slides toward the suction side, thereby advancing the tim-
ing of starting discharge.
[0051] In contrast, in a full-load operation or in a part-
load operation and when the compression ratio is rela-
tively high, the slide valve 12 slides toward the discharge
side, thereby delaying the timing of starting discharge.
[0052] That is, the discharge port 15 is defined by the
inner wall of an opening port 1B provided in the casing
1 (more specifically, an opening port provided in the hous-
ing portion 1A of the casing 1) and the discharge-side
end face 12d of the slide valve 12.
[0053] Here, the discharge port 15 is defined as illus-
trated in FIG. 5, for facilitating the understanding of the
following description. The discharge port 15 has a vari-
able port 16 (the coarsely hatched part in FIG. 5) and a
fixed port 17 (the densely hatched part in FIG. 5).
[0054] The variable port 16 is an area of the discharge
port 15 that is defined by a screw-rotor central angle φ1,
which also defines the area where the slide valve 12 is
positioned. In other words, the variable port 16 is an area
of the discharge port 15 that overlaps an area provided
by extending the counter surface 1e of the slide valve 12
in the sliding direction.
[0055] The variable port 16 changes the timing of start-
ing discharge in accordance with the position of the dis-

charge-side end face 12d of the slide valve 12. The var-
iable port 16 has an opening area that is variable in ac-
cordance with the position of the discharge-side end face
12d of the slide valve 12.
[0056] The fixed port 17 is an area of the discharge
port 15 excluding the variable port 16 and is provided
between the variable port 16 and the gate rotor 7 (see
FIG. 4).
[0057] Now, the position where the slide valve 12 is
attached will be described. Herein, as illustrated in FIG.
5, the angle between an end face 1aa of the gate-rotor
opening port 1a that is on the side of the slide valve 12
(hereinafter the end face is referred to as gate-rotor-
opening surface) and the center of the slide valve 12 is
denoted as φ3, and the position where the slide valve 12
is attached is defined by the angle φ3.
[0058] The lower limit of φ3 is set to be larger than 30°,
which is the value employed in the known art, so that a
wide discharge area can be provided. The upper limit of
φ3 is set to be an angle at which the slide valve 12 does
not interfere with components that support the gate rotor
provided on the opposite side.
[0059] The upper limit changes with the size of the slide
valve 12. For example, if the slide valve 12 has approx-
imately the same size as in the known art (if its width
defined by the central angle φ1 of the screw rotor 4 is
about 40°), the upper limit of φ3 is 100°.
[0060] Here, a rotation-side slide surface of the varia-
ble port 16 is denoted by 161, and a non-rotation-side
slide surface of the variable port 16 is denoted by 16r.
Furthermore, the fixed port 17 has a step in a suction-
side end face thereof. Hereinafter, portions of the suction-
side end face that are divided by the step are denoted
as, in order from the side of the variable port 16, inclined
surface 17a and perpendicular surface 17b.
[0061] Furthermore, two portions of the fixed port 17
that are sectioned in the peripheral direction with respect
to the step are hereinafter occasionally distinguished
from each other as follows: one of the two portions having
the inclined surface 17a is denoted as sectioned fixed
port 17ax, and the other portion having the perpendicular
surface 17b is denoted as sectioned fixed port 17bx. The
sectioned fixed port 17bx spreads over an area defined
by a screw-rotor central angle φ2, which is about 10°, for
example.
[0062] The screw compressor 100 further includes, in
the casing 1, economizer passages 50 (see FIG. 3) for
guiding refrigerant gas from the intermediate cooling de-
vice 103 to one of the compression chambers 11 (one of
the screw grooves 10 that is in a compression step). The
economizer passages 50 are provided in the casing 1 in
such a manner as to allow the outside of the casing 1
and the respective slide grooves 14 to communicate with
each other.
[0063] The economizer pipe 107 is connected to each
of the economizer passages 50, whereby the intermedi-
ate cooling device 103 and each of the economizer pas-
sages 50 are connected to each other. Furthermore, the
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screw compressor 100 has economizer ports 12p each
provided in the round columnar portion of a correspond-
ing one of the slide valves 12.
[0064] As illustrated in the right part of FIG. 5, the econ-
omizer port 12p extends through the slide valve 12 from
the outer peripheral surface, which is a slide-contact sur-
face with respect to the slide groove 14, to the inner pe-
ripheral surface, which is a slide-contact surface with re-
spect to the screw rotor 4.

Detailed Configuration Around Economizer Port 12p

[0065] A detailed configuration around the economizer
port 12p according to Embodiment 1 will now be de-
scribed.
[0066] FIG. 6 illustrates a configuration around one of
the economizer port 12p according to Embodiment 1 of
the present invention.
[0067] The economizer passage 50 includes a tubular
passage 50a connected to the economizer pipe 107, and
a long groove 50b connected to the slide groove 14. The
long groove 50b extends along the slide surface of the
slide valve 12. The long groove 50b has a length l that
corresponds to a range within which the position of the
slide valve is controlled in an economizer operation.
[0068] The economizer operation refers to an opera-
tion in which the intermediate-cooling-device expansion
valve 106 is opened so as to allow the economizer pipe
107 and the screw compressor 100 to communicate with
each other, and economizer gas obtained on the down-
stream side of the low-pressure section of the interme-
diate cooling device 103 is injected into one of the com-
pression chambers 11 of the screw compressor 100.
[0069] The groove width of the long groove 50b (the
length in the peripheral direction of the screw rotor) is
larger than a diameter d of the economizer port 12p, as
illustrated in the right part of FIG. 6. The economizer-port
diameter d is set to be the largest diameter (smaller than
or equal to the smallest tooth thickness) that does not
allow adjacent ones of the compression chambers 11 of
the screw rotor 4 to communicate with each other.

Description of Operations

[0070] Operations according to Embodiment 1 will now
be described.
[0071] First, an operation of the refrigerant circuit at
full load will be described.
[0072] FIG. 7 illustrates a refrigeration cycle estab-
lished when the economizer operation is performed in
the refrigeration cycle apparatus 200 according to Em-
bodiment 1 of the present invention. FIG. 8 is a pressure-
specific enthalpy diagram obtained when the refrigera-
tion cycle apparatus 200 according to Embodiment 1 of
the present invention is in full-load operation. The arrows
illustrated in FIG. 7 represent flows of the refrigerant.
[0073] The solid lines represent refrigerant liquid, and
the broken lines represent refrigerant gas. The state of

the refrigerant at each of the points in FIG. 8 that are
denoted by respective reference numerals with paren-
theses is the state of the refrigerant at a corresponding
one of the points of the pipes illustrated in FIG. 7 that are
denoted by the same reference numerals.
[0074] Referring to FIGS. 7 and 8, the refrigerant gas
(1) discharged from the evaporator 105 and being at a
pressure Ps is taken into the screw compressor 100,
where the refrigerant gas is compressed to be at a pres-
sure Pd and is discharged. The thus discharged refrig-
erant gas (5) is subcooled to be in the state (6) by the
condenser 102. The high-pressure subcooled liquid (6)
flows into the high-pressure section of the intermediate
cooling device 103, where the subcooled liquid is further
cooled to be in the state (8).
[0075] Some of the high-pressure liquid (8) discharged
from the intermediate cooling device 103 branches off
into the intermediate-cooling-device expansion valve
106, where the high-pressure liquid is throttled and ex-
panded to be in the state (7) at an intermediate pressure
Pm and flows into the low-pressure section of the inter-
mediate cooling device 103 again.
[0076] The other portion of the high-pressure liquid
(high-pressure-side refrigerant) (6) that has directly
flowed into the high-pressure section of the intermediate
cooling device 103 after having been discharged from
the condenser 102 exchanges heat with the refrigerant
liquid (low-pressure-side refrigerant) that has flowed into
the low-pressure section of the intermediate cooling de-
vice 103 again via the intermediate-cooling-device ex-
pansion valve 106, whereby the high-pressure liquid is
further subcooled to be in the state (8). That is, the further
subcooling increases the refrigeration effect to be pro-
duced by the evaporator 105.
[0077] Meanwhile, the refrigerant liquid (low-pressure-
side refrigerant) (7) that has flowed into the low-pressure
section of the intermediate cooling device 103 again
evaporates by exchanging heat with the high-pressure-
side refrigerant, thereby turning into refrigerant gas (7a).
[0078] The refrigerant gas (7a) flows through the econ-
omizer pipe 107 and the economizer passages 50 and
is injected into screw grooves 10 that are under compres-
sion from the economizer ports 12p of the slide valves
12, thereby being mixed with the compressed gas ((2) to
(3)).
[0079] In this process, the compressing power chang-
es with the amount and the timing of the gas flowing into
the screw compressor 100. Therefore, in terms of im-
proving the coefficient of performance, it is important to
increase the refrigeration capacity while suppressing the
increase in compressing power as much as possible. Ac-
cordingly, there is an optimum intermediate pressure Pm.
[0080] Now, an operation of the refrigerant circuit that
is in part-load operation with a small difference between
the high pressure and the low pressure will be described.
[0081] FIG. 9 is a pressure-specific enthalpy diagram
obtained when the refrigeration cycle apparatus 200 ac-
cording to Embodiment 1 of the present invention is in
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part-load operation with a small difference between the
high pressure and the low pressure.
[0082] In the part-load operation and when the differ-
ence between the high pressure and the low pressure is
small, the pressure difference between the intermediate
pressure (at the exit of the intermediate cooling device)
and the compression chamber is small as graphed in
FIG. 9. Therefore, a relationship of intermediate pressure
< compression chamber 11 is transitionally established
during the economizer operation, making the operation
unstable.
[0083] Moreover, the effect of increasing the refriger-
ation capacity becomes smaller than the increase in the
power generated by the injection of the economizer gas
during the compression. Consequently, the coefficient of
performance is lowered. Hence, when the difference be-
tween the high pressure and the low pressure is small,
the intermediate-cooling-device expansion valve 106 il-
lustrated in FIG. 7 is closed so that the economizer op-
eration is not performed.

Description of Operation of Compressor

[0084] An operation of the screw compressor 100 con-
figured as described above will now be described.
[0085] FIG. 10 includes diagrams illustrating the prin-
ciple of compression performed by the screw compressor
100 according to Embodiment 1 of the present invention.
[0086] As illustrated in FIG. 10, when the screw rotor
4 is rotated on the rotating shaft 9 (see FIG. 2) by the
motor 8 (see FIG. 2), the gate-rotor teeth 7a of each of
the gate rotors 7 relatively move in corresponding ones
of the screw grooves 10. Thus, a series of a suction step,
a compression step, and a discharge step that is regard-
ed as one cycle is repeated in each of the compression
chambers 11. Herein, the above steps will be described,
focusing on one of the compression chambers 11 that is
shaded in gray in FIG. 10.
[0087] FIG. 10(a) illustrates a state of the compression
chamber 11 that is in the suction step. When the screw
rotor 4 is driven by the motor 8 and rotates in the direction
of the solid-line arrow, the gate rotor 7 on the lower side
in FIG. 10 rotates in the direction of the white arrow with
the rotation of the screw rotor 4.
[0088] Meanwhile, the gate rotor 7 on the upper side
in FIG. 10 rotates in the direction opposite to the direction
of rotation of the gate rotor 7 on the lower side, as indi-
cated by the white arrow. In the suction step, the capacity
of the compression chamber 11 is largest, the compres-
sion chamber 11 communicates with a low-pressure
space of the casing 1 (see FIG. 2), and the compression
chamber 11 is filled with a low-pressure refrigerant gas.
[0089] When the screw rotor 4 further rotates, the gate-
rotor teeth 7a of each of the two gate rotors 7 sequentially
move toward a corresponding one of the discharge ports
15 with the rotation of the screw rotor 4. Thus, the capacity
(volume) of the compression chamber 11 is reduced as
illustrated in FIG. 10(b).

[0090] Note that the slide valves 12 are not illustrated
in FIG. 10 (b). In FIG. 10(b), each of the variable ports
16 is closed by a corresponding one of the slide valves
12, and the capacity of the compression chamber 11 is
smaller than in the state illustrated in FIG. 10(a). Thus,
the refrigerant gas in the compression chamber 11 is
compressed.
[0091] When the screw rotor 4 further rotates, the com-
pression chamber 11 communicates with the discharge
port 15 as illustrated in FIG. 10 (c). Thus, the high-pres-
sure refrigerant gas compressed in the compression
chamber 11 is discharged to the outside from the dis-
charge port 15. The same compression process is per-
formed on the back side of the screw rotor 4.
[0092] The screw grooves 10 (see FIG. 4) that are open
without being covered with the casing 1 (i.e., the inner
wall of the housing portion 1A) communicate with the
gate rotor 7 and the gate-rotor-supporting chamber 6 that
are on the other side (the gate rotor 7 and the gate-rotor-
supporting chamber 6 that are hidden in FIG. 4), and
each contain a suction-pressure atmosphere.
[0093] Hereinafter, each of spaces (including the gate-
rotor-supporting chambers 6) in the casing 1 that are not
covered with the inner wall of the housing portion 1A and
each contain a suction-pressure atmosphere is defined
as suction-pressure chamber 1C.
[0094] Now, the positional relationship between the
economizer port 12p and the screw grooves 10 will be
described with reference to FIGS. 11 and 12.
[0095] FIGS. 11 and 12 each illustrate the relationship
between the angle of screw rotation and the economizer
port 12p in the screw compressor 100 according to Em-
bodiment 1 of the present invention. FIG. 11 includes
diagrams illustrating a state where the slide valve 12 is
positioned on the discharge side (an operating state in
which the compression ratio is high, such as a case of
the full-load operation).
[0096] FIG. 12 includes diagrams illustrating a state
where the slide valve 12 is positioned on the suction side
(an operating state in the part-load operation and in which
the compression ratio is relatively low). FIG. 11(a) to 11(c)
and FIG. 12(a) to 12(c) are each a development of the
outer peripheral surface of the screw rotor 4. FIG. 11(d)
and FIG. 12(d) are cross-sectional views taken along
lines C-C illustrated in FIG. 11(a) and FIG. 12(a), respec-
tively.
[0097] Reference numerals A1 to A9 in FIG. 11 and
reference numerals B1 to B11 in FIG. 12 denote the
screw grooves 10 at respective angles of screw rotation
θA(1) to θA(9) and θB(1) to θB(11). That is, FIG. 11 illus-
trates a process in which the capacity of each of the screw
grooves 10 is reduced while the angle of rotation changes
in order of θA(1) => θA(2) => θA(3) => θA(4) => θA(5)
=> θA(6) => θA(7) => θA(8) => θA(9).
[0098] FIG. 12 illustrates a process in which the ca-
pacity of each of the screw grooves 10 is reduced while
the angle of rotation changes in order of θB(1) => θB(2)
=> θB(3) => θB(4) => θB(5) => θB(6) => θB(7) => θB(8)
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=> θB(9) => θB(10) => θB(11).
[0099] In FIG. 12, screw grooves B1 and B2 that are
hatched with oblique lines are each a screw groove 10
that is in the suction step. That is, the screw grooves B1
and B2 are each at a position that is not completely closed
by the gate rotor 7 and the inner wall of the housing por-
tion 1A. In FIGS. 11 and 12, screw grooves A1, A2, A3,
and B3 that are shaded are each a screw groove 10 that
is in the compression step.
[0100] Screw grooves A4 to A9 and B4 to B11 that are
not shaded are each a screw groove 10 that is in the
discharge step. The substantial discharge areas in the
discharge step correspond to the areas where the dis-
charge port 15 faces the screw grooves 10, and are each
hatched with a grid pattern in FIGS. 11 and 12.

Case of Full-Load Operation

[0101] The positional relationship between the econo-
mizer port 12p and the screw grooves 10 in the full-load
operation will now be described with reference to FIG. 11.
[0102] In the full-load operation, the economizer oper-
ation is performed. In the economizer operation, the slide
valve 12 is moved toward the discharge side, as illustrat-
ed in FIG. 11(d), to a position where the variable port 16
is completely closed as illustrated in FIG. 11 (a) to FIG.
11(c). Furthermore, the economizer passage 50 provid-
ed in the casing 1 and the economizer port 12p commu-
nicate with each other.
[0103] As illustrated in FIG. 11 (a), the economizer port
12p starts to communicate with the screw groove A1 that
is in a state immediately after the completion of suction
and is at a low pressure. The economizer port 12p moves
over the screw groove A2 and then the screw groove A3
that are in the compression step. While the economizer
port 12p moves over the screw grooves A2 and A3, econ-
omizer gas is injected into each of these screw grooves
10 from the economizer port 12p because of the pressure
difference between the intermediate pressure Pm and
the screw groove 10.
[0104] When the economizer port 12p is positioned
over a screw groove 10 that is at a high pressure, the
intermediate pressure is raised and, accordingly, the ef-
fect of increasing the capacity by performing the econo-
mizer operation (the degree of subcooling at point (8) in
FIG. 8) becomes small. Hence, in this case, the econo-
mizer gas is injected into a screw groove 10 that is at as
low pressure as possible.
[0105] If a large amount of refrigerant gas is injected
into a screw groove 10 that is in the suction step, the
amount of refrigerant circulation is reduced, which trig-
gers a reduction in the refrigeration capacity. Therefore,
the economizer port 12p is allowed to communicate with
the screw groove 10 when suction is almost complete.
[0106] That is, the economizer port 12p first commu-
nicates with the screw groove A1 that is at the beginning
of compression as illustrated in FIG. 11 (a), passes over
the screw grooves A2 and A3 that are in the midst of the

compression step, and is completely closed to the screw
groove at the screw groove A4. This cycle is repeated.
[0107] Even in the part-load operation, if the difference
between the high pressure and the low pressure is rela-
tively large and an economizer effect can be produced,
the economizer operation is performed by allowing the
economizer passage 50 provided in the casing 1 and the
economizer port 12p to communicate with each other. In
the economizer operation performed in the part-load op-
eration, the slide valve 12 is moved further toward the
suction side than in the full-load operation or to the same
slide position as in the full-load operation.

Case of Part-Load Operation With Small Difference Be-
tween High Pressure

and Low Pressure

[0108] The positional relationship between the econo-
mizer port 12p and the screw grooves 10 in the part-load
operation with a small difference between the high pres-
sure and the low pressure will now be described with
reference to FIG. 12.
[0109] When the difference between the high pressure
and the low pressure is small in the part-load operation,
the economizer operation is stopped. To stop the econ-
omizer operation, the slide valve 12 is moved toward the
suction side as illustrated in FIG. 12(d), and the econo-
mizer port 12p is positioned in an area where the inner
wall of the housing portion 1A is not present (in the suc-
tion-pressure chamber 1C) as illustrated in FIG. 4(b). In
this state, the economizer passage 50 provided in the
casing 1 and the economizer port 12p do not communi-
cate with each other.
[0110] During the economizer operation, the econo-
mizer port 12p is constantly in communication with the
suction-pressure chamber 1C. Hence, when the differ-
ence between the high pressure and the low pressure is
small in the part-load operation, the operation progresses
from the suction step to the discharge step while the
economizer port 12p is prevented from acting on the
screw grooves 10.
[0111] According to Patent Literature 2, as described
above, a re-expansion loss occurs when the economizer
port passes over any screw grooves while the economiz-
er operation is stopped. In contrast, according to Embod-
iment 1, the economizer port 12p is not involved at all in
the operation in which the economizer operation is not
performed. Therefore, the deterioration in the perform-
ance due to the re-expansion loss can be prevented.
[0112] Furthermore, in the part-load operation, since
the capacity is small, the influence of leakage that may
occur between adjacent ones of the compression cham-
bers is prominent. In the configuration according to Em-
bodiment 1, however, the economizer port 12p is not in-
volved at all in the operation in which the economizer
operation is not performed. Therefore, the leakage be-
tween adjacent ones of the screw grooves 10 through
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the economizer port 12p can be prevented.
[0113] To summarize, Embodiment 1 produces the fol-
lowing advantageous effects. In Embodiment 1, the
economizer port 12p is provided at a position where the
economizer port 12p communicates with one of the com-
pression chambers 11 and the economizer passage 50
when the slide valve 12 is positioned at the extreme end
on the discharge side.
[0114] Furthermore, the economizer port 12p is pro-
vided at a position where the economizer port 12p com-
municates with the suction-pressure chamber 1C when
the slide valve 12 is positioned at the extreme end on the
suction side. In such a configuration, in the full-load op-
eration or the like in which the economizer effect is sig-
nificant and the difference between the high pressure
and the low pressure is large, the coefficient of perform-
ance can be improved by performing the economizer op-
eration.
[0115] On the other hand, in the part-load operation in
which the pressure difference is small and the coefficient
of performance is not expected to be improved by the
economizer operation, the economizer operation is
stopped, whereby a high coefficient of performance can
be achieved without the occurrence of re-expansion loss
and leakage loss that may occur with the presence of the
economizer port 12p. That is, according to Embodiment
1, the screw compressor 100 and the refrigeration cycle
apparatus 200 can realize a high coefficient of perform-
ance in a wide range of operating conditions.

Embodiment 2

[0116] In Embodiment 1, the angle φ3 between the
gate-rotor-opening surface 1aa and the center of the slide
valve 12 that is at the attached position is set within a
range of 30° < φ3 < 90°. In Embodiment 2, a case where
φ3 = 30° will be discussed.
[0117] FIG. 13 illustrates a part around a slide valve
120 included in a screw compressor 100 according to
Embodiment 2 of the present invention.
[0118] Embodiment 2 will be described focusing on dif-
ferences from Embodiment 1. Elements that are not de-
scribed in Embodiment 2 are the same as those de-
scribed in Embodiment 1.
[0119] In Embodiment 2, as illustrated in FIG. 13, the
center of the slide valve 120 is positioned such that φ3 =
30°. That is, a fixed port 170 according to Embodiment
2 includes only the sectioned fixed port 17bx described
in Embodiment 1 and does not include the sectioned fixed
port 17ax.
[0120] Now, the relationship between economizer
ports 120p and the screw grooves 10 according to Em-
bodiment 2 will be described.
[0121] FIG. 14 includes diagrams illustrating the slide
valve 120 according to Embodiment 2 of the present in-
vention that is positioned on the discharge side. FIG. 15
includes diagrams illustrating the slide valve 12 accord-
ing to Embodiment 2 of the present invention that is po-

sitioned on the suction side. The hatched parts and the
like in FIGS. 14 and 15 are in the same states, respec-
tively, as those illustrated in FIGS. 11 and 12, and de-
scription thereof is therefore omitted.
[0122] As is obvious from the comparison between
FIG. 14 illustrating Embodiment 2 and FIG. 11 illustrating
Embodiment 1, the land width between adjacent ones of
the screw grooves 10 within the angular range in which
the variable port 16, or the slide valve 120, is provided
is smaller than in Embodiment 1. Hence, in Embodiment
2, a plurality of economizer ports 120p are provided along
the inclination of the screw grooves 10, whereby a sat-
isfactory passage area is secured.
[0123] Note that the economizer ports 120p are pro-
vided at a position where the economizer ports 120p com-
municate with one of the compression chambers 11 and
the economizer passage 50 when the slide valve 120 is
positioned at the extreme end on the discharge side, as
in Embodiment 1. Furthermore, the economizer ports
120p are provided at a position where the economizer
ports 120p communicate with the suction-pressure
chamber 1C when the slide valve 120 is positioned at
the extreme end on the suction side, as in Embodiment 1.

Case of Full-Load Operation

[0124] In the full-load operation, as illustrated in FIG.
14(d), the economizer passage 50 provided in the casing
1 and the economizer ports 120p communicate with each
other, and the economizer operation is performed, as in
Embodiment 1.
[0125] In Embodiment 1, as illustrated in FIG. 11, the
variable port 16 is closed by the slide valve 120. In Em-
bodiment 2, the slide valve 12 opens the variable port 16
so that a satisfactory discharge area is secured. As illus-
trated in FIG. 14(a), the economizer ports 120p start to
communicate with the screw groove A1 that is in a state
a little before the completion of suction and is at a low
pressure.
[0126] Subsequently, the economizer ports 120p
move over the screw groove A2 and then the screw
groove A3 that are in the compression step, and econo-
mizer gas is injected into each of these screw grooves
10 from the economizer ports 120p because of the pres-
sure difference between the intermediate pressure Pm
and the screw groove 10.
[0127] Here, suppose that the economizer ports 120p
each need to have a diameter that does not allow adja-
cent ones of the compression chambers 11 to commu-
nicate with each other, the diameter becomes small. In
that case, the intermediate pressure is raised, and the
effect of increasing the capacity by performing the econ-
omizer operation (the degree of subcooling at point (8)
in FIG. 8) is reduced. Hence, in Embodiment 2, the plu-
rality of economizer ports 120p are provided, whereby a
satisfactory amount of flow is secured.
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Case of Part-Load Operation With Small Difference Be-
tween High Pressure

and Low Pressure

[0128] The relationship between the economizer ports
120p and the screw grooves 10 in the part-load operation
with a small difference between the high pressure and
the low pressure will now be described with reference to
FIG. 15.
[0129] When the difference between the high pressure
and the low pressure is small in the part-load operation,
the economizer operation is stopped. To stop the econ-
omizer operation, the slide valve 120 is moved toward
the suction side as illustrated in FIG. 15(d), and the econ-
omizer ports 120p are positioned at the edge of the suc-
tion wall 1c of the housing portion 1A. Furthermore, the
economizer passage 50 provided in the casing 1 and the
economizer ports 120p provided in the slide valve 120
do not communicate with each other.
[0130] While the economizer operation is stopped, the
economizer ports 120p move over the screw groove B1
and the screw groove B2 that are in the suction step and
over only a small portion of the screw groove B3 that is
at the beginning of compression. The increase in the
pressure in each of the screw grooves 10 during this proc-
ess is small and does not significantly affect the occur-
rence of re-compression loss and leakage loss.
[0131] To summarize, Embodiment 2 also produces
the advantageous effects produced in Embodiment 1.
Furthermore, the following advantageous effects are pro-
duced. In Embodiment 2 (in which the length of slide is
smaller than in Embodiment 1 and the handleable range
of compression ratio is therefore smaller than in Embod-
iment 1), the slide valve 120 is positioned nearer to the
gate rotor 7 than in Embodiment 1. Thus, a space for
providing other structural components and structures can
be provided near a position at a screw central angle of
90°.
[0132] Since the slide valve 120 is positioned nearer
to the gate rotor 7 than in Embodiment 1, the land width
between adjacent ones of the screw grooves 10 within
the angular range in which the slide valve 120 is provided
is smaller than in Embodiment 1 while the advantageous
effects described above are produced.
[0133] In such a case, if the diameter of the economizer
port is designed to be smaller than the land width, a sat-
isfactory passage area cannot be secured with one econ-
omizer port 120p. In Embodiment 2, however, since the
plurality of economizer ports 120p are provided along the
inclination of the screw grooves 10, a satisfactory pas-
sage area can be secured.
[0134] In Embodiment 1 and Embodiment 2, when the
economizer operation is not performed, the economizer
passage 50 and the economizer port 12p or the econo-
mizer ports 120p are not allowed to communicate with
each other. Alternatively, as illustrated in FIG. 15A (when
the slide valve is positioned on the suction side), if the

economizer pipe 107 is closed by the intermediate-cool-
ing-device expansion valve 106 or the like, there is no
chance that the economizer gas may leak toward the
suction side and prevent the suction gas from flowing
into the compression chambers 11.
[0135] Hence, in terms of standardization of compo-
nents and so forth, the economizer passage 50 and the
economizer port 12p, 120 p may be allowed to commu-
nicate with each other. Even in that case, the same ad-
vantageous effects are produced.
[0136] FIG. 16 includes diagrams illustrating a modifi-
cation of the economizer port 12p or the economizer ports
120p in terms of the diameter thereof. Part (a) is a de-
velopment illustrating the inner wall of the housing portion
1A and the outer peripheral surface of the screw rotor 4.
Part (b) is a cross-sectional view taken along line d-d
illustrated in part (a).
[0137] In Embodiment 1 and Embodiment 2, the econ-
omizer port 12p and the economizer ports 120p each
have a diameter that does not allow adjacent ones of the
compression chambers 11 to communicate with each
other. If the economizer port 12p or the economizer ports
120p are used only in the economizer operation and the
refrigerant to be injected flows as illustrated by white ar-
rows in FIG. 16(b), leakage of the refrigerant between
adjacent ones of the compression chambers does not
occur.
[0138] Hence, depending on the operating range of
use, the economizer port 12p or the economizer ports
120p may be wider than the land width as illustrated in
FIG. 16(a). Such a case also produces the advantageous
effects produced in Embodiment 1 and Embodiment 2.
[0139] The land width of the screw rotor 4 becomes
smaller as the position of the slide valve 12 becomes
closer to the gate rotor 7. Therefore, in a case where the
diameter of the economizer port is designed to be smaller
than the land width, the diameter of the economizer port
can be made larger and the flow rate can be controlled
more stably by setting the position of the slide valve 12
such that φ3 falls within a range from a value larger than
30°, which is the value employed in the known art, up to
about 100° at which the slide valve 12 does not interfere
with components that support the gate rotor 7 on the other
side.
[0140] Thus, the screw compressor 100 can exhibit a
high coefficient of performance in a wide range of oper-
ating conditions from a high compression ratio to a low
compression ratio and can operate at a high efficiency
throughout the year.

List of Reference Signs

[0141]

1 casing
1A housing portion (inner cylinder-surface portion)
1B opening port
1C suction-pressure chamber
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1a gate-rotor opening port
1aa gate-rotor-opening surface
1c suction wall
1e counter surface
2 high-pressure-side bearing
3 low-pressure-side bearing
4 screw rotor
5 gate-rotor support
5a bearing
5b center shaft
6 gate-rotor-supporting chamber
7 gate rotor
7a gate-rotor tooth
8 motor
9 rotating shaft
10 screw groove
11 compression chamber
12 slide valve
12c connecting portion
12d inclined surface (discharge-side end face)
12p economizer port
14 slide groove
15 discharge port
16 variable port
161 slide surface (rotation-side slide surface)
16r non-rotation-side slide surface
17 fixed port
17a inclined surface
17ax sectioned fixed port
17b perpendicular surface
17bx sectioned fixed port
50 economizer passage
50a tubular passage
50b long groove
100 screw compressor
101 inverter
102 condenser
103 intermediate cooling device
104 expansion valve
105 evaporator
106 intermediate-cooling-device expansion valve
107 economizer pipe
120 slide valve
120p economizer port
170 fixed port
200 refrigeration cycle apparatus
201 controller

Claims

1. A screw compressor comprising:

a casing having a discharge port and including
a cylindrical inner cylinder-surface portion;
a screw rotor housed in the inner cylinder-sur-
face portion of the casing, being rotatable, and
having a plurality of screw grooves in an outer

periphery thereof;
a gate rotor having tooth portions that are pro-
vided on an outer periphery and come into mesh
with the screw grooves, the gate rotor defining
compression chambers in combination with the
screw grooves and the inner cylinder-surface
portion;
a suction-pressure chamber provided in the cas-
ing and having a suction-pressure atmosphere;
a slide groove provided on the inner cylinder-
surface portion of the casing and extending in a
direction of a rotating shaft of the screw rotor;
a slide valve provided in the slide groove and
being slidable in the direction of the rotating shaft
of the screw rotor, and the slide valve configured
to adjust a timing of starting discharge;
an economizer passage provided in the casing
and allowing an outside of the casing and the
slide groove to communicate with each other;
and
an economizer port provided in the slide valve
and allowing the economizer passage to com-
municate with one of the compression chambers
in accordance with a position of the slide valve,
wherein the slide valve gradually advances the
timing of starting discharge as the slide valve
proceeds toward a suction side from a discharge
side, and
wherein the economizer port is provided at a po-
sition where the economizer port communicates
with the suction-pressure chamber when the
slide valve is positioned at an extreme end on
the suction side.

2. The screw compressor of claim 1,
wherein the economizer port is provided at a position
where the economizer port communicates with one
of the compression chambers and the economizer
passage when the slide valve is positioned at an ex-
treme end on the discharge side.

3. The screw compressor of claim 1 or 2,
wherein pairs of the gate rotor and the slide valve
are provided, and a position of a center of each slide
valve falls within a range between 30° and 100° of
a central angle of the screw rotor, the range is defined
by the position of the center of each slide valve and
a position of an end face of a gate-rotor opening port,
that is on a side of the slide valve, the gate-rotor
opening port being one of openings provided in the
casing and in which some of the tooth portions of a
corresponding one of the gate rotors are positioned.

4. The screw compressor of any one of claims 1 to 3,
wherein the economizer port is one of a plurality of
economizer ports provided along an inclination of
the screw grooves.
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5. The screw compressor of any one of claims 1 to 4,
further comprising a motor connected to the screw
rotor via a driving shaft and that rotates the screw
rotor,
wherein the motor is driven by an inverter.

6. A refrigeration cycle apparatus comprising:

a refrigerant circuit in which, in order of appear-
ance, the screw compressor of any one of claims
1 to 5, a condenser, a high-pressure section of
an intermediate cooling device, a decompres-
sion device, and an evaporator are connected
to one another with refrigerant pipes; and
an economizer pipe branched from a point be-
tween the intermediate cooling device and the
decompression device, and connected to the
economizer passage of the screw compressor
via an intermediate-cooling-device expansion
valve and a low-pressure section of the interme-
diate cooling device.
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