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@ Slide valve type compressor.

@ A slide valve type screw compresser having a slide valve
(31) with a surface of chevron shape in section consisting of
a couple of arcuately curved surfaces forming part of the
inner wall surfaces of a rotor chamber (8) accommodating a
pair of intermeshed male and female screws (6, 5) the slide
valve (31} being slidable in the axial direction of the rotors
for comminicating the rotor chamber with a suction port (11)
through an opening with an adjustably variable area for vol-
umetric control of the compressor, characterized in that: the
slide valve (31} is retractably protruded into a suction casing
at a fore end on the side of the suction port and has the
opposite outer corner portions of the curved surfaces cut off
at a predetermined angle with the longitudinal axis thereof
to provide a substantially triangular section with a forwardly
reduced width at the protruded fore end.
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SLIDE VALVE TYPE COMPRESSOR

As illustrated in Figures 1 éﬁd_z, a screw
compressor is generally provided with a pair of male and
female screw rotors 5 and 6 (hereinafter referred to
simply as "rotors" for brevity) which arerrotatable in
meshed state within a compression chamﬁer 8 in a casing
7. One end face of the compression chgmber 8 is partly
cut away at a position corfesponding to tooth grooves of
the rotors SVand 6 to provide an opening 10 (an axial port)
in comﬁunicatidn with a suction port il fhrough a-suction
casing 7a. The other end face is similarly_pfovidéd
with an opening, althoﬁgh different in_shape,
for communication with a discharge port‘izl Fﬁrthef;
provided beneath the compression chaﬁbéf é; partly in
overlapped relation therewith, is a colﬁmnar gap space
in communication with the suction port ilg receiving therein
a slide valve 32 (of a length Ll) slidébly in the axial
direction of the rotors. The slide val&e 31 is provided

with curved surfaces each of an arcuate shape in section




R 0162157

which constitute part of the inner wall surface of the
rotorx chamber 8, and its forward movement is limited by
a fixed valve 3la which is located in a forward position.

In this sort of screw compressor, a gas which
is sucked in through the suction port 11l is closed and
compressed in the xrotor chamber 8 between the rotors 5 and

-v'z E n ! ".‘
6 and the casing 7, and then sent toward the discharge
port 12, while the slide valve 31 is retractable to open
a radial port 13 of a variable area in the wall of the
retex chamber 8 for communicating the roter chamber 8
oM LB aTs LOppALSSLT
with the tntake port 11, permitting volumetric control
through adjustment of the initial closing position of the
rotors 5 and 6.

However, as shown in FIGURES 3 and 4, the
conventional slide valve 31 is has the end face 33 on the
side of the suction port formed by a flat surface which
is disposed perpendicularrto the sliding direction, so
that it has been difficult to preclude an abrupt and
discontinuous variation in the volume of a closed space
(hereinafter referred to simply as "suction volume" for
brevity) at an initial closing point even if the radial

port 13 is opened little by little in the initial stage of

a volumetric control.

SY. $/14/1184
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Now, the above-mentioned discontinuous variations
are explained more particularly with reference to FIGURES
5 and 6 which show at (a) to (£f) sequential phases of the
rotation of the rotors.

More specifically, FIGURE 5 shows at (a) to (f)
varying conditions at the end of the -rotexr chamber on the

. 712280

side of the suction port 11l in relation with rotation of
the rotors. As the operation proceeds from phase (a) to
(£), the rotors 5 and 6 are rotated successively in the
arrowed directions, gradually compressing a closed space
14 which is indicated by a hatched area. In this i
instance, the cldsed space 14 is the one which is formed
when the afore-mentioned radial port-13 is in closed
state (so that the latter does not appear in FIGURE 5),
and, for simplificatiop of explanation, there iy shown a
case where the‘width W of a lower projection 18 which forms
the opening 10 in the end face 17 or which closes the ends
of the screw root ends of the rotors 5 and 6 is equal ;o
the width w of the curved surfaces 2 of the slide valve
31 (see FIG. 2). _

Shown at (a) to (f) of FIGURE 6 are developed
views of sections taken along line X-X of FIGURE 5, which
correspond to phases (a) to (f) of FIGURE 5. As shown

there, an end face 33 of the slide valve 31 is positioned.

S.Y. 5/)4/1759-
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on the side of the suction port 11 and outside the roctox o
chamber 8, closing the radial port 13 with the curved
surfaces 2. (Therefore, the radial port 13 does not
appear in FIGURE 6.) The hatched areas in FIGURE 6
indicate a closed space 14 corresponding to the hatched
areas in FIGURE 5, which is gradually shifted upward
from phase (a) to (f£) of FIGURE 6. On the other hand,
the closed space 14 reaches an end face 19 on the dis-
charge side and the end of the discharging side is closed
while the end face 19 is rotated through a predetermined
angle, 5o that the volume of the closed space 14 is
reduced to compress the gas gfadually from phase (a)
(£) of FIGURE 6.

Referring to FIGURE 7, the slide valve 31
is shown in a position which is slightiy moved from that
of FIGURE 6 wi£h its end face 31 located a little closer
to the discharging side (the upper side in the figure)
than the end face 17 of the rotor c@amber 8, with the
radial port 13 in a slight1§ogzzﬁggu2;ate, illustrating
variations of the closed space in this position from
phase (a) to (f) corresponding to the phases shown in
FIGURE 6. In this case, a portion corresponding to the
closed space 14 is in communicates with the suction port

11 through the radial port 13 as indicated by a dotted

SY. &/18)1984
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area in phases (a) to (d) of FIGURE 7, so that it is
only in and after phase (e) that a closed space 15 is o
formed as indicated by an hatched area. Namely, the
lowermost point M (a closing point) of a V-shaped
hatched area, at which the male -and female rotors 5 and
6 contact with each other, is gradually shifted inward
across the end face 17 of the rotexr chamber 8 and it is
lom g pdaton
only when the closing point M reaches the end face 33 of
the slide valve 31 that a closed space 15 is formed.
Therefore, the suctioning volume corresponds
to the closed space 14 in phase (a) in the position of
FIGURE 6 and to the closed space 15 in phase (e) in the
position of FIGURE 7. Thus, the suction volume is
abruptly varied discontinuously or stepwise from the
volume in phase (a) of FIGURE 6 to the volume in phase
(e) of FIGURE 7 (same as that of thé closed space in phase
{e) of FIGURE 6) upon opening the radial port 13 only in
a slight degree. Even if the radial port 13 is further
minimized, the result is that the position of the lower-
most point M comes nearer to the end face 17 but the
closed space 15 is not yet formed in phase (d) of
FIGURE 7 and is formed also in phase (e) of the same
figure, resulting likewise in a suction volume which is
varied discontinuously from the state in phase (a) of

_FIGURE 6.

S Y &/we/1ide



e 0162157

If the radial port 13 is widened by shifting'the
slide valve 31 toward the discharge end, the position of
the lowermost point M which represents the initial closing
point is shifted upward to reduce the suction volume
continuously.

As clear from the foregoing description, the
suction volume is varied as indicated by curve II of
FIGURE 8, in which the horizontal axis represents a
distance % of displacement of the slide valve 31,

namely, the distance between the end faces 17 and 33 in

"the particular embodiment shown, and the vertical axis

-
-

reérésents the rate (%) of the:suction_volume at various
distances 2% of displacement to the suction volume in the
state shown in FIGURES 5 and 6 (a staté in which the radial
port 13 is closed.)

As séen therefrom, curve II consists of a

vertical portion AB and an inclined portion BC. The

point A represents a state in which the end faces 17 and

38 are located in the same plane (distance of displacement

£ = 0) with the radial port 13 closed, the point B
represents a state in which opening of the radial port 13
has just been initiated or when the distance in phase

(e) of FIGURE 7 is infinitesimal, and the point C

' represents a state in which the radially port 13 has
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been further widened continuedly. Thus, upon opening
the radial port 13, the curve II is varied discon-
tinuously from point A to B.

On such a discontinuous variation, a compressing
gas which is relatively large in weight like air shows an
inferior response to the variation due to a greater
friction resistance, so that an apparent suction volume
is varied continuously in response to displacement of the
slide valve 31 as indicated by curve III (broken line)

in FIGURE 8. Namely, actually the suction volume can be

-controlled from the maximum value by gradually shifting

-

the slide valve 31.

Howaver, in a case where a 1igh£ gas like
hydrogen and helium is employed as a compressing gas, the
gas has a low frictional resistance and shows a quiék
response to the afore-mentioned discontinuous variation,
so that the apparent suction volume is varied discon-
tinuously as indicated by curve II. Consequently, it
has been difficult for the conventional screw compressor

to control the suction volume of a light gas continuously

in the initial state of the control.
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SUMMARY OF THE INVENTION

With the foregoing in view, the present
invention has as its object the provision of a slide valve °7
type screw compressor which can vary a suction volume
theoretically in a continuous manner throughout a
volumetric control including an initial point of the
control no matter whether or not a compressing gas is a
light gas.

It is a more particular object .of the present
invention to provide a slide valve type screw compressor
in which the slide valve is cut off at the opposite outer
corner portions of its upper curved surfaces at a predeter-
mined cut angle to ensure continuous control of the suction
volume,

According to the present invention, there is
provided a slide valve type screw compressor having a slide
valve with a surface of chevron shape in section con-
sisting of a couple of ércuately curved surfaces forming
part of the walls of a-:étc: chamber accommodating a pair
of intermeshed male and gemale screws, the slide valve
being slidable in the axial direction of the rotors for
communicating the rotor chamber with a suction port

through an opening with an adjustably variable area for

SY.5/4 7/ 1964
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volumetric control of the compressor, characterized in
that: the slide valve is retractably protruded into a
suction casing at the fore end thereof located on the side
of the suction port and has the opposite outer corner por-
tions of the curved surfaces cut off at a predetermined
angle with the longitudinal axis thereof to provide a
substantially triangular section with a forwardly reduced
width at the protruded fore end.

The above and other objects, features and
advantages of the present invention will become apparent
from the following desgription and ﬁppended claims, taken
in conjunction with the accompanying érawingé which show

by way of example a preferred embodiment of the inven-

tion.

BRIEF DESCRIPTION OF THE DRAWINGS

In the acéompanying drawings:

FIGURE 1 is a vertical section of a conven-
tional slide valve type screw CoOmpressor;

FIGURE 2 is a sectional view taken on line

I-I of FIGURE 1;

FIGURES 3 and 4 are a plan view and a front view

of a conventional slide valve;
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FIGURE 5 is a diagrammatic illustration

showing rotational positions of rotors in phases (a)

(£), seen from an end on the suction side of the screw
céﬁpressor; | o ; o

FIGURES 6(a) to 6(f) are developed sectional
views taken on line X-X of FIGURE 5 (in which the line
of section is indicated in FIGURE 5(a) alone);

FIGURE 7 is an illustration similar to FIGURE
6 but showing the conventional slide valve in a shifted
position;

FIGURE 8 is a graph showing variations im
suction volume;

FIGURES 9 and 10 are a plan view and a front
view of a screw compressor employing a slide valve
according to the present invention;

FIGUﬁE 11 is a vertical section of the slide
valve type screw compressor embodying the present
invention;

FIGURES 12(a) to 12(f) are views similar to
FIGURES 6(a) to 6(f)rbut showing the rotational positions
in the screw comppressor according to the invention;

FIGURES 13(a) to 13(c) are developed sectional -
views taken on line X-X mentioned above, showing the

extent of opening of the radial port in relation with the
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position of the slide valve;
FIGURES 14 to 25 are fragmentary plan and front
views of slide valves of modified constructions; and
FIGURE 26 is a view similar to FIGURE 13 but

showing a slide valve with a different cut angle.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to FIGURES 9 and 10, there is shown
a screw compressor slide valve 1 (with a length L2)
according to the present invention, which is substantially
same as the slide valve 31 of FIGURES 3 and 4 in -

construction except for its shape of the end face 33 on

the suction side.

More particularly, the slide valve 1 is pro-
vided with a surface of chevron shape in section consisting
of arcuately curved surfaces 2 formed on opposite sides
of an apex 26, which constitute part of the wall of the
rotor chamber 8 as stated hereinbefore, and has end facgs
63 on the suction side shaped such that the lines of
intersection 4 with the curved surfaces 2 are inclined in

the direction of screw threads of rotors 5 and 6. The
siide valve 1 is received in a suction casing 7a which

is provided with a stopper 23 to permit the valve end

on the suction side (or the fore end of the valve) to

S.X. §$/14/118%
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protrude retractably into the suction casing 7a.

FIGURE 11 shows a screw compressor incorporating
the slide valve according to the invention, which is same
in éoﬁstruction with the screw compressor of FIGURES 1
and 2 except that the slide valve 1 and stopper 23 are
employed in place of the slide valve 31 and fixed valve
3la, respectively. The component parts which are
common to the example shown in FIGURES 1 and 2 are
designated by common reference numerals, and their
description is omitted to avoid unnecessary repetitions.
Further, thg_reference numeral of the slide valve 1 is
indicated iﬂ brackets in FIGURE 2 so that the latter can
serve also as a side view of the compressor of FIGURE 11l.

Now, variations in suction volume which are
caused by shifts of the slide Qalve 1 are explained by way
of phases (a) to (f) shown in FIGURE 12.

As described hereinbefore, the lines of inter-~
section 4 are inclined in the direction of screw threads
of rotors 5 and 6, so that each intersecting line 4 is "~
disposed parallel with a line 22 of a screw thread (which
comes out in a straight line in a developed view.)
Consequently, as the slide valve 1 is gradually shifted
upward in FIGURE 12, a radial port 13 is opened on the

opposite sides of the slide valve 1 in a manner similar

N
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to the rotor grooves which are moving toward the center
(in the directions of arrows V) on the end face 17.

Shown in FIGURES 13(a) to 13(c) is an example
of the varying condition of the radial port 13, which is
observed, for instance, when the slide valve 1 alone is
moved upward in the state of FIGURE 12(c). As clear
therefrom, the radial port 13 is in fully closed state and
does not appear in FIGURE 13(a), but it is gradually
widened from FIGURE 13(b) to 13(c). Consequently, the
closed space 16 of FIGURES 13(a) and 13(b) is uncovered
in FIGURE 13(c), resuming a ftate prior to closing.

Therefore, in FIGU%ES-lZ(A) to 12(f) which
show the radial port 13 in the initial stages of the
opening operation, the portion which corresponds to the
closed space 14 of FIGURES 5 and 6 is indicated by a
dotted area 21.in FIGURE 12(a). This area 21 is in
communication with the suction port 11 thrbugh radial
ports 13, §nd not yet closes in a gas. However, in
phases (b) to (f), a closed space 16 which extends toward
the center is formed beyond the radial ports 13 as
indicated by hatching.

The volume of the closed space 16‘(or the
suction volume) in phase (b) of FIGURE 12 at the initial

closing point can be adjustéd to approach the volume of
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the closed space 14 in phase (a) of FIGURES 5 and 6 (the
maximum suction volume) by minimising the radial ports

13. That is to say, as thg_slidg'valve 1is shiftg@

R i e e )

upward in the drawing from the fully closed position to
open the radial ports 13, the suction volume is continuously
reduced from the maximum value at the fully closed position
(the value in phase (a) of FIGURES 5 and 6).

The variations in suction volume in the case

of the slide valve 1 are plotted by curve IV in the graph
of FIGURE 8, from which it will be seen that the suction
volume is reduced from the point A smoothly and linearly
in response to increases in the distance of shift of the
slide valve 1. 1In this graph, £= 0 means a position of
the slide valve 1 immediately before opening the radial
ports 13. .

Although the width w of the curved surface 2
of the slide valve 1 is shown and described as being equal
to the width W of the lower projection 18 on the end face
17, the invention is not limited to this particular
arrangement and can produce similar effects, for example,
in a case where w > W except for a change in the initial
position of the slide valve 1 for the volumetric control.:
On the contrary, in a case where w < W, there occurs a

slight discontinuous variation at an initial point of the
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volumetric control but it is far smaller than the
discontinuous variation from point A to B of FIGURE 8.

Further, the fore end portion as a whole of the
slide valve 1 is shaped in an inclined form in the fore-
going embodiment with the lines of intersection 4 of the
end face 3 disposed in the direction of screw threads
of the rotors 5 and 6. However, if desired, the corner
portions of curved surfaces 2 on the side of the suction
port may be partly cut off, or the intersecting lines 4
may be disposed in the same direction at an angle different
from the lead angle of the screw threads of the rotors.
In suéh a case, similarly a slightﬁéiscontinuous varia-
tion occurs to the suction volume.

The cutting angle B of the end face 3 of the
slide valve 1 is determined depending upon the controlla-
bility of a coﬁpressing gas and the structural factors
of the compressor. Where especially a higher controlla-
bility is required, a cutting angle B greater than a lead
angle o of the rotor screws is employed as shown
particularly in FIGURE 26.

The end faces 3 of the slide valve 1 which are
inclined as a whole in the direction of the screw threads.
of the rotors 5 and 6 in the foregoing embodimeﬁt may be

formed in other shapes as exemplified in FIGURE 14 and
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onwards wherein the component parts common to the fore-.
going embodiment are designated by common reference
numerals.

‘ In a modification sﬂown in fIGURES“14 and 15,
the slide valve 1A has intersecting lines 4 common to the
above-described valve body 1 but it is provided with end
faces which are cut obliquely from the intersecting
lines 4 with a suitable gradient to present substantially
a shape of trigonal pyramid, instead of the vertically
cut end faces.

Referring to FIGURES 16 and 17, there is shown
a modifiéétion wherein the slide valve 1B has intersecting
lines 4 common to the slide valve 1 but it is provided
with veréically cut end faces 3 which are terminated at
a halfway level to the bottom side of the valve body.
According to the present invention, the apex 26 of the
curved surfaces which form part of the rotor chamber is
located closer to the suction port than the lateral corner
portions 27, so that the shape of the fore extension

28 which contiguously extends beneath or forward (leftward
in the drawing) of the end faces 3 is determined according
to the shape of the suction casing 7a or the kind of the .

gas to be handled.
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Accordingly, the front portion of the fore
extension 28 may have the same sectional shape as the body
of the slide valve 1B (except its cut portions) as seen in
a modification shown in FIGURES 18 and 19. In this case,
a groove 29 of substantially V-shape is cut on the upper
side of the body of a slide wvalve 1C of a length slightly
greater than the length L2 indicated in FIGURE 11, and,
as shown in FIGURES 18 and 19, the slide valve 1C is
provided with curved surfaces 2 same as those on the slide

valve 1 and, integrally on the front side of the V-cut

groove 29, a fore extension 28 which has the same

-

.secticnal shape as the body of the slide valve 1C as

indicated in phantom. In FIGURES 18 and 19, in order to
distinguish the curves surfaces 2 from the fore extension
28, they are indicated by solid and chain lines, respec-
tively. .

Referring to FIGURES 20 and 21, there is shown a
further modification emplqying a slide valve 1D which
is inclined in the directions of screw threads only in
the outer edge portioqs of the end faces 3.

Shown in FIGURES 22 to 25 are slide valves 1lE
1F which have the intersecting lines 4 formed in a zig-

zag fashioned and inclined as a whole in the direction

of the screw threads.
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Although the end faces 3, more particularly, fhe
intersecting lines 4 are inclined to conform with the
directions of screw threads of the rotors in the foregoing
embodiments, it is not always reguired to conform.the angle
of inclination with the screw threads as long as the apex
26 of the curved surfaces 2 is located closer to the
suction end of the rotor chamber than the outer corner
portions 27. In a case where the ahgle of inclination does
not conform with the directions of screw threads, a
slight discontinuous variation occurs to the suction
volume as mentioned hereinbefore in connection with the
relationship between widths w and W. |

Further, the curved surfaces 2 are not
necessarily required té be disposed symmetrically on the
opposite sides of the longitudinal axis of the slide
valve 1 (or any of the slide valves 1A to 1F). When the
slide valve 1 is located eccentrically relative to the
rotor chamber 8, the apex 26 is positioned off the center

Caxis of the rotor: chamber.
complessen

As clear from the foregoing description, the
slide valve according to the present invention has outer
corner portions of upper curved surfaces cut off, so that,.

when applied to a slide valve type screw compressor, it

can control the suction volume of the compressor in such

S.Y. §/14/118
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a manner as to open a radial port at or in the vicinity
of a position at which a closed space is initially formed,
broadening the radial port in the direction in which the
closed spaced is moved by rotation of rotors.
Consequently, upon shifting the slide valve in an iﬁcreas—
ing degree, the suction volume of the cbmpressor can be
continuously reduced correspondingly. Thus, the

present invention makes it possible‘to perform a smooth
and céntinuous volumetric control from an initial stage

even when the compressing gas is a light gas like hydrogen

and helium gases.
Although the invention has been described in
terms of specific embodiments, it is to be understood that

other forms of the invention may be readily adapted within

the scope of the invention.
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CLAIMS:

1. A slide valve type screw compressor having
a slidé valve with a surface of chévron shape in section
consisting of a couple of arcuately curved surfaces forming
part of the walls of a reteoxr chamber accommodating a pair

tow,
of intermeshed male and female screws, said slide valve

being slidable in the axial directioﬁwg? said rotors for
communicating said rotor chamber with a suction port
through an opening with an adjustably variable area for
volumetric control of said compressor, characterized in
that:

said slide valve is retractably protruded into
a suction casing at a fore end on the side of said suction
port and has the opposite outer corner portions of said
curved surfaces cut off at said fore end thereof at a
predetermined angle with the axis thereof to provide a

substantially triangular section with a forwardly reduced

width at said protruded fore end.

2. A slide valve type screw compressor as
set forth in claim 1, wherein an appex end of said

triangular section is located closer to said suction port

+
’

than outer corner portions thereof.

<. § /181185
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. 3. A slide valve type screw compressor as set
forth in claim 1, wherein said opposite corner portions
of said curved surfaces are cut off at an angle greater

than the lead angle of screw threads of said rotors.

4. A slide valve type screw compressor as
set forth in claim 1, wherein said opposite corner
portions at said front end of said curved surfaces are

cut off along a zig-zag line.

5. A slide valve type screw compressor as
set forth in claim 1, wherein said opposite corner
portions at said front end of said curved surfaces are

cut to a level halfway of the thickness of said slide

valve.

6. A slide valve type screw compressor as
set forth in claim 1, wherein said slide valve is
provided with a fore extension on the front side of

said triangular section.

7. A slide valve type screw compressor as
set forth in claim 1, wherein said suction casing is
provided with a stopper member thereby to stop displace-
ment of said slide valve when said'triangular section is

protruded into said suction casing.
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