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[5 7] ABSTRACT 

A liquid injected helical screw gas compressor having 
a capacity control valve comprising a cylindrical plug 
member ?tted in a chamber which is adjacent to and 
in communication with the compressor working cham 
bers by way of a series of auxiliary ports. The control 
valve member includes a control edge coating with the 
auxiliary ports for controlling the gas throughput and 
the built-in volume ratio of the compressor. The con 
trol valve member also includes a series of liquid in 
jection passages spaced along and around the perime 
ter of the cylindrical plug. The liquid injection pas 
sages are selectively placed in communication with the 
auxiliary ports in accordance with the control valve 
position for controlling the position and rate of injec 
tion of liquid into the working chambers, 

11 Claims, 15 Drawing Figures 
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ROTARY CONTROL VALVE FOR SCREW 
COMPRESSORS 

BACKGROUND OF THE INVENTION 

In the art of helical screw rotor compressors it has 
been suggested to provide for control of the gas 
throughput of the machine and the built-in volume 
ratio by opening and closing auxiliary ports in the bore 
walls of the working chambers in which the cooperat 
ing screw rotors are disposed. U.S. Pat. No. 3,088,658 
to H. B. Wagenius discloses a rotary regulating valve 
device which is disposed in a cylindrical chamber adja 
cent to the screw rotor bores. A control edge on the ro 
tary valve member sequentially uncovers a series of 
auxiliary ports for bypassing back to the compressor 
inlet port certain portions of the compressor working 
?uid entrapped in the rotor grooves. Other forms of ca 
pacity control devices have been suggested including 
the axial slide valve devices disclosed in US. Pat. Nos. 
3,088,659 and 3,314,597. Generally, the arrangement 
including the rotary type capacity control valve has 
been found to be more economical to manufacture and 
does not require the precision with which the axial slide 
valve must be supported in the compressor casing. 
The rotary regulating or capacity control valve has 

generally not proven to be as suitable as the axial slide 
valve when considering the overall operating efficiency 
of certain types of helical screw rotor machines be 
cause of the unavoidable unswept volume formed by 
the auxiliary ports which open into the compressor 
working chambers. However, in accordance with the 
present invention this problem has been substantially 
overcome by the use of the rotary capacity control 
valve in a helical screw gas compressor in which liquid 
is injected directly into the compressor working cham 
bers. Moreover, improvements realized with the pres 
ent invention concerning the amount of liquid injected 
and the location of the injection passages with respect 
to the working chambers have also contributed measur 
ably to improving the efficiency of compressors of the 
subject type. 

SUMMARY OF THE INVENTION 

The present invention provides for an improved liq 
uid injected helical screw rotor gas compressor which 
includes a rotary capacity control valve characterized 
by a cylindrical plug member having a control edge 
which coacts with a series of ports in the working 
chambers to effect the sequential opening and closing 
of said ports to regulate the gas throughput and built-in 
volume ratio of the compressor. With the use of a ro 
tary capacity control valve in a helical screw gas com 
pressor in accordance with the present invention im 
provements in compressor operating efficiency have 
been realized thereby overcoming the disadvantages 
which previously burdened helical screw rotor ma 
chines with rotary type capacity regulating devices. 

Further, in accordance with the present invention, a 
rotary capacity control valve is provided in a helical 
screw gas compressor which is capable of regulating 
the amount of liquid injected into the compressor 
working chambers as well as the location of the liquid 
injection passagesin accordance with the rotative posi 
tion of the valve member itself. In this way the desired 
?ow rate of liquid and the location of injection into the 
compressor working chambers can be conveniently 
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2 
controlled in accordance with the gas throughput and 
the working pressure of the compressor. 
The present invention also provides a liquid injected 

gas compressor which includes a structurally simple 
and reliable capacity control device which may be pro 
vided in a form for use with compressors where only in 
frequent adjustment of compressor capacity is re 
quired. Accordingly, with the present invention a ca 
pacity controlled liquid injected gas compressor is real 
ized which is not only economical to manufacture but 
is more efficient than certain prior art screw compres 
sors with attendant capacity regulating devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal section view of a helical screw 
compressor in accordance with the present invention 
and is taken along line l—1 of FIG. 4; 
FIG. 2 is a schematic view of a liquid injected com 

pressor system including the compressor of FIG. 1; 
FIG. 3 is a section view taken along line 3—-3 of FIG. 

1; 
FIG. 4 is a section view taken along line 4--4 of FIG. 

1; 
FIG. 5 is a section view taken along line 5—5 of FIG. 

1; 
FIG. 6 is a perspective view of the control valve 

member of the compressor of FIG. 1; 
FIGS. 7 through 10 are planar developments of the 

cylindrical control valve chamber of the compressor of 
FIG. 1 and illustrating the auxiliary ports and various 
angular positions of the control edge and liquid injec 
tion passages of the'control valve member; _ 
FIG. 11 is a longitudinal section view of a second em 

bodiment of a liquid injected helical screw gas com 
pressor in accordance with the present invention and is 
taken along line l1—11 of FIG. 12; 
FIG. 12 is a transverse section taken along line 

l2—12 of FIG. 11; 
FIG. 13 is a perspective view of the control valve 

member of the compressor of FIG. 11; 
FIG. 14 is a planar development of the cylindrical 

surface of the control valve member of the compressor 
of FIG. 11 illustrating the auxiliary ports and two posi 
tions of the control valve member; and, 
FIG. 15 is a view taken from the line 15—l5 of FIG. 

11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 4 of the drawings, a liquid 
injected helical screw gas compressor in accordance 
with the present invention is generally designated by 
the numeral 10. The compressor 10 includes a main 
casing 12 having parallel intersecting bores 14 and 16, 
a bearing support member 18 forming an end wall 20, 
and a bearing support member 22 forming an end wall 
24. The bores 14 and 16 form working chambers to 
gether‘ with a pair of cooperating main and gate helical 
screw rotors 26 and 28. The gate rotor 28 is provided 
with six helical lobes 30 and intervening grooves 32 and 
includes oppositely projecting shaft end portions which 
are supported in bearings 34 and 36. The main rotor 26 
is provided with four helical lobes 38 and intervening 
grooves 40 and is similarly supported by bearings, not 
shown, disposed in the housing members 18 and 22. 
The main rotor 26 also includes a shaft portion 42 
which extends from an end cover 44 for connecting the 
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compressor 10 to a rotary power source such as a mo 
tor, turbine, internal combustion engine or the like. In 
a known way the rotors 26 and 28 cooperate with each 
other and with the casing 12 and end walls 20 and 24 
for compressing ?uid trapped in the grooves 32 and 40 
as the rotors rotate together. In the compressor 10 the 
main rotor 26 drivingly engages the gate rotor 28 al 
though synchronizing gears can be used to form the 
driving engagement between the rotors as is known in 
the art of helical screw rotor machines. The lobes and 
grooves of the main rotor 26 have a ‘wrap angle of 
about 300° and the‘ lobes and grooves of the gate rotor 
28 have a wrap angle of about 200°. Other combina 
tions of lobes and wrap angles may be used with the ad 
vantageous features of the present invention. 
The casing 12 includes an opening 46 which is in 

communication with a low pressure or inlet port 48 
formed in the casing and partly in the member 22 
whereby gas may be admitted to the bores 14 and 16 
for compression by the rotors 26 and 28. The compres 
sor 10 also includes a high pressure or discharge port 
50 formed substantially in the end wall 20 and also hav 
ing a portion 52 disposed in the casing 12. Gas com 
pressed by the intermeshing rotors 26 and 28 is dis 
charged through the port 50 and into a passage 54 in 
a substantially continuous and pulsation free flow when 
the compressor 10 is in operation. 
The compressor 10 is suitably adapted for the injec 

tion of liquid into the bores 14 and 16, as will be ex 
plained in greater detail herein, for sealing the spaces, 
formed between the rotors 26 and 28 and the walls of 
the bores 14 and 16 as well as the end walls 20 and 24. 
The liquid injected into the working chambers formed 
in the bores 14 and 16 also absorbs at least part of the 
heat of compression of the gas being compressed and 
is pumped through the discharge port 50 with the com 
pressed gas to be separated therefrom by suitable 
means downstream of the compressor proper. The in 
jection liquid is preferably an oil which is also used as 
a lubricant for the intermeshed rotors and the bearings 
of the compressor. 
As shown in FIGS. 1, 4, and 5 the casing 12 also in 

cludes an elongated cylindrical chamber 56 formed ad 
jacent and substantially parallel to the bores 14 and 16. 
The casing 12 further includes passages. 58 and 60 
which are in communication with the chamber 56 and 
with the inlet port 48 formed in the casing. The cham 
ber 56 is in'communication with the bores 14 and 16 
by a series of auxiliary ports 62 opening into the bore 
16 and a series of auxiliary ports 64 which open into the 
bore 14. The con?guration and relative positions of the 
auxiliary ports 62 and 64 are more clearly shown by the 
planar developments of the bore wall of the cylindrical 
chamber 56 shown in FIGS. 7 through 10. The ports 62 
and 64 are generally formed as spaced apart oblique 
slots disposed along and on each side of the line of in 
tersection of the bores 14 and 16. The ports 62 and 64 
are formed to have their longer sides substantially par 
allel to the radial outermost tips of the lobes 38 and 30 
of the respective main and gate rotors. In other words, 
the sides of the slots 62 and 64 respectively form angles 
with the longitudinal axis of the chamber 56 which cor 
respond substantially to the helix angles of the rotors 
26 and 28. 
The compressor 10 includes a capacity control de 

vice characterized by a rotatably turnable valve mem 
ber 66 having a cylindrical plug portion 68 closely ?t 
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4 
ted in the cylindrical chamber 56. The member 66 in 
cludes a hollow shaft portion 70 supported by a bearing 
72 disposed inthe support member ‘22. The opposite 
end 74 of the valve member 66 extends into a chamber 
76 in the bearing support member 18 and is supported 
in a bearing 78 disposed in the casing 12. The shaft 7" 
extends into a substantially closed space 80 formed in 
the cover member 44. A gear 82 is keyed to the distal 
end of the shaft 70 and, as may be seen from viewing , 
FIG. 3, is meshed with a helical screw or worm gear 84 ‘ 
fastened to the end of a control shaft 86. The opposite 1 
end of the control shaft 86 has a hand wheel 88 con 
nected thereto for manually turning the shaft and the 
rotatable valve‘member 66. As may be appreciated by 
those skilled in the art, suitable motorized actuating 
means may be used for turning the valve member 66 in 
place of thevmanual operating means disclosed. 
The valve member 66 is also characterized by a longi- ‘ 

tudinal passage 90 extending from the end portion ‘74 
through the shaft 70. A conduit 92 is connected to the 
chamber 76 for conducting liquid to the passage 90in 
the valve member 66. Referring to FIG. 6 also the cy 
lindrical plug portion of the valve member 66 extends 
only partially around the shaft 70 and is delimited by I 
a longitudinaledge 94. The cylindrical portion 68 is‘. 
further delimited by a stepped helical control edge 96‘ 
which is operable in response to turning the valve mem 
ber 66, to sequentailly open and close the auxiliary 
ports 62 and 64. In this way, as is known from US. Pat. 
No. 3,088,658, the capacity or quantity of gas or work- ‘ 
ing fluid passed through the compressor can be varied. 
The main portion of the helical edge 96 isformed to be 
substantially parallel to the longitudinal sides of the 
ports 62 for quick opening and closing of the ports in j) ‘ 
response to minimal rotational turning of the valve 
member. As the valve member 66 is turned to progres 
sively uncover the ports 62 from the inletend of the 
bores 14 and 16 toward the high pressure or discharge ‘ 
end delimited by the end wall 20 the ports 64 are pro- ' 
gressively opened also to provide additional area for‘ ' 
gas entrapped in the grooves 32 of the gate rotor to be 
bypassed withminimum throttling losses back to the 
compressor inlet port by way of the chamber 56 and 
passages 58 and 60. The arrangement of auxiliary ports 
62 and 64 and the con?guration of the valve member 
66 provides for control of the capacity or gas through 
put of the compressor 10 from the maximum displace 
ment provided by the rotors 26 and 28 to substantially -' ' 
zero flow. 
A compressor of the type disclosed herein and oper- » 

ating with liquid injected into the bores 14 and 16 has . 
been found to have improved ef?ciency over prior art ' 
nonliquid injected helical screw rotor compressors with‘ 
rotary type regulating valves. Such improvements are‘. 
seen to be realized from a reduction in the clearance 
volume of the ports 62 and 64 between the respective. ' y , 
bores 16 and 14 and the cylindrical plug portion 68 of 
the control valve member 66. As may be seen in FIGS. 
4 and 5, even though the cylindrical valve chamber 56 i 
is placed as close to the rotor bores as is practical the‘ j , 
auxiliary ports 62 and 64 occupy a finite volume or " 
space in which compressed gas is trapped and reex 
panded as the grooves of the rotors 26and 28 move 
progressively past the ports. By the use of liquid in 
jected into the bores 14 and 16, the clearance volume‘ 
of the ports 62 and 64 which are unopened is substan 
tially reduced because of a ?lling ‘up of the ports with 



3,874,828 
5 

liquid. Therefore, as the rotors 26 and 28 compress gas 
in the chevron shaped chambers formed by the grooves 
and intermeshing lobes of the rotors, a negligible 
amount of gas is trapped in the ports 62 and 64 and lost 
to reexpansion as the lobe tips of the rotors pass over 
the ports. Moreover, with the improved liquid injection 
means associated with the rotary capacity control valve 
of the present invention the ef?ciencyof liquid injected 
helical screw compressors is further improved. 
The control valve member 66 of the present inven 

tion is further characterized by a plurality of passages 
which extend radially with respect to the longitudinal 
turning axis of the valve member from the longitudinal 
passage 90 to the cylindrical surface of the plug portion 
68. The passages are spaced longitudinally along the 
valve member 66 and are also spaced apart in angular 
increments around the circumference of the cylindrical 
plug portion 68. FIGS. 7 through 10 illustrate planar 
developments of the cylindrical chamber 56 with a pla 
nar development of the cylindrical plug portion 68 of 
the control valve member 66 superimposed on the 
chamber development to show various positions of the 
control edge 96. The developments of FIGS. 7 through 
10 also show pairs of liquid injection passages 100, 102, 
104, a single passage 106, and further pairs of passages 
108 and 110. All of these passages are in communica 
tion with the longitudinal passage 90. The pairs of pas 
sages 100, 102, 104, 108, and 110 are progressively 
smaller in diameter and effective flow area, and ac 
cordingly provide for progressively smaller flow rates 
of liquid into the bores 14 and 16 as they respectively 
communicate with the ports 64 on turning of the valve 
member 66. The single passage 106 is smaller in diame 
ter than the passages 104 but larger than the passages 
108. In the embodiment of FIGS. 1 through 10 most of 
the liquid injection passages communicate only with 
the ports 64 and some of the ports 62 are modi?ed in 
shape to prevent unwanted registration with the liquid 
injection passages. 
FIG. 7 illustrates the maximum capacity position of 

the control valve 66 wherein all of the ports 62 and 64 
are closed. In this position one passage 100 of the larg 
est diameter is in communication with a port 64 which 
assures that an adequate amount of liquid is injected 
into the bore 16 for cooling and sealing purposes. The 
location of liquid injection shown by FIG. 7 is also into 
a chamber formed by the rotors 26 and 28 which is only 
slightly reduced in volume but is no longer in communi 
cation with the inlet port 48 as is true for all liquid in 
jection positions in the embodiment of FIGS. 1 through 
10. In this way the liquid injected into the compressor 
does not mix with the gas flowing into the grooves 32 
and 40 of the rotors until after a working chamber 
formed by the casing bores 14 and 16 and a pair of 
grooves of the rotors 26 and 28 is no longer in commu 
nication with the inlet port 48. It is desirable to avoid 
injecting liquid into the rotor grooves which are still in 
communication with the inlet port in order to prevent 
unwanted reduction in ?lling of the grooves with in 
?owing gas. However, it is also desirable to inject liquid 
at a position in the bores which will assure that liquid 
?ows into all of the ports 62 and 64 which are un 
opened to thereby ?ll up the clearance space formed by 
the ports. 
FIG. 8 illustrates a position of the valve member 66 

in which two of the ports 62 are open as well as one 
port 64. This position represents a reduction in working 
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6 
?uid capacity of approximately 25 percent for the com 
pressor 10. Accordingly, portions of both of the smaller 
passages 102 are in communication with a port 64 and 
are the only passages not blocked and in a no-flow con 
dition by the close ?t of the plug portion 68 in the 
chamber 56. Since the compressor throughput capacity 
is now reduced, a smaller quantity of liquid is required 
for adequate cooling. Moreover, excessive amounts of 
liquid cause unwanted pumping losses as well as over 
cooling of the working ?uid. Overcooling of the work 
ing ?uid can cause condensation of water vapor in air 
compressors working in ambient atmosphere. Accord 
ingly, with the control valve 66 of the present invention 
the rate of liquid injection and location of injection 
with respect to the rotor bores 14 and 16 is automati 
cally controlled in accordance with the rotary position 
of the valve member itself. 
FIGS. 9 and 10 show further reduced capacity posi 

tions of the control valve member 66. In FIG. 9 the 
valve member is in a position in which the throughput 
capacity is reduced to approximately 50 percent of the 
maximum capacity of the compressor 10. One passage 
104 is in communication with a port 64 and the rate of 
liquid injection is further reduced from the rate of the 
positions of the valve member in FIGS. 7 and 8. In FIG. 
10, the control valve member 66 has been turned to 
open all of the ports 62 as well as all of ports 64 and the 
capacity of the compressor has been reduced to sub 
stantially zero flow. One passage 110 is in communica 
tion with a slot 112 in the casing which opens into the 
bore 14 whereby a still further reduced quantity of liq 
uid is injected into the working chambers. In the zero 
capacity position of the valve member 66 it is desirable 
to provide some lubrication for the intermeshed rotors 
and to cool working ?uid which is disposed in the dis 
charge port 50 and the discharge passage downstream 
thereof and which is unavoidably expanded and recom 
pressed by the intermeshing rotors 26 and 28. Although 
FIGS. 7 through 10 illustrate four positions of the ro 
tary control valve member 66, including the maximum 
and zero capacity positions, it will be appreciated that 
the valve member may be turned to any position be 
tween the limit positions for controlling the working 
fluid capacity of the compressor 10. Moreover, as the 
valve member 66 is turned to reduce the capacity of the 
compressor 10 the rate of liquid injection is also re 
duced as the injection passages are sequentially placed 
in communication with the ports 64. 
The arrangement of liquid injection passages in the 

control valve member 66 is also advantageous for cer 
tain applications of the compressor 10 wherein the dis 
charge working pressure is increased and the compres 
sor throughput capacity is proportionally reduced to 
prevent overloading the compressor driving motor. Re 
ferring to FIG. 2, the compressor 10 is shown in a sys 
tem including a drive motor 114 which is drivably con 
nected to the shaft 42 of the rotor 26. The compressor 
10 also includes an inlet ?lter 116 for ?ltering air ad 
mitted to the compressor inlet opening 46. The com 
pressor system of FIG. 2 also includes a combination 
compressed air receiver and liquid separator and reser 
voir tank 118 having a liquid separator element 120 
therein and a ?nal discharge conduit 122 for conduct 
ing liquid-free pressure air to its end use. A conduit 124 
connects the discharge passage 54 of the compressor 
10 to the tank 118 for conducting the liquid-gas mix 
ture from the compressor. A conduit 126 is connected 
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to tank 118 for conducting liquid through a ?lter 128 
and to a heat exchanger 130 from which the liquid is 
conducted back to the compressor through conduit 92. 
The liquid is forced to recirculate back to the compres 
sor 10 by the pressure differential which exists between 
the tank 118 and the particular injection passage which 
is in communication with the working chambers of the 
compressor. 

In certain applications of the compressor system of 
FIG. 2, or a similar system, it may be desirable to in 
crease the working pressure of the system including the 
pressure in the tank 118. Therefore, in order to avoid 
overloading the motor 114 the capacity of the com 
pressor may be required to be reduced to limit the 
power absorbed by the compressor to what the motor 
can provide. This may be conveniently accomplished 
by adjusting the valve member 66 to reduce the com 
pressor throughput capacity by opening the required 
number of ports 62 and 64. Moreover, as the valve 
member 66 is rotated to a new position, a progressively 
smaller diameter passage or pair of passages will be 
come operable for injecting liquid into the bore 16. 
Since the pressure differential between the tank 118 
and the point of liquid injection has been increased due 
to increasing the working pressure in the conduit 92 the 
smaller diameter passages will limit the flow of liquid 
to a rate in accordance with the needs of the compres 
sor and will prevent excessive amounts of liquid from 
being injected into the bore 16 through one or more of 
the larger passages. In other words, for any position of 
the valve member 66 the flow of injection liquid is au 
tomatically adjusted thanks to the arrangement and 
size of the passages 100, 102, 104, 106, 108, and 110. 
If the capacity is reduced while working pressure is 
held substantially constant the rate of liquid injection 
is reduced in accordance with reduced gas throughput. 
If capacity is reduced and working pressure is in 
creased, the liquid injection rate normally will remain 
substantially constant thanks to the reduced size of the 
injection passages operating at a higher pressure differ 
ential. Moreover, if it is desired to turn the valve mem 
ber 66 to reduce the capacity and the built-in volume 
ratio for operation of the compressor at low working 
pressures in order to conserve power absorption by the 
compressor, then the rate of injection of liquid will be 
decreased because the smaller liquid injection passages 
will be operable and at lower working pressures. This 
also will be'in accordance with the liquid injection 
needs of the compressor for efficient operation. 
A second embodiment of the present invention is il 

lustrated in FIGS. 11 through 15. Referring to FIGS. 11 
and 12, a liquid injected helical screw rotor gas com 
pressor is illustrated and generally designated by the 
numeral 132. The compressor 132 includes a casing 
134 having a pair of parallel intersecting bores 136 and 
138 in which are disposed respectively a pair of inter 
meshing helical screw rotors 140 and 142. The rotors 
140 and 142 are of substantially the same configuration 
as the rotors 26 and 28 of the compressor 10 and have, 
respectively, helical lobes 141 and 143 and intervening 
grooves 145 and 147. 
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The compressor 132 also includes a bearing support ' 
member 144 fastened to the casing 134 and forming a 
high pressure end wall 146 of the compressor working 
chambers formed within the bores 136 and 138. A dis 
charge port 148 is formed in the end wall 146 for com 
municating the bores 136 and 138 with a discharge pas 
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8 
sage 150 for the compressor working ?uid. The com 
pressor 132 also includes a bearing support member. 
152 fastened to the casing 134 and forming a low pres 
sure end wall 154. The member 152 further includes an 
inlet opening 156 and an inlet port 158 for admitting‘ ‘ 
working fluid such as air to the bores 136 and ‘138 for 
compression and delivery to the discharge passage by 
the rotors 140 and 142 in a known way. The inlet port 
158 is basically of the axial con?guration as opposed to ' 
the primarily radial inlet port of the compressor 10. 
The members 144 and 152 include respective bearings 
160 and 162 for rotatably supporting the gate rotor 
142. The main rotor 140 is similarly supported by bear- . 
ings, not shown, disposed in the members 144 and 152. 
The main rotor 140 also includes an extendedshaft‘ 
portion 164 for drivably connecting the compressor. ~ 
132 to a suitable motive power means. 
The casing 134 is provided with a cylindrical cham- I 

ber 166 formed closely adjacent and parallel to the 
bores 136 and 138. The chamber 166 has an open end‘ ‘ 
168 which is in communication with a portion 170 of 
the inlet port .158 and a closed end formed by a wall 
172. A cover plate 174 is removably fastened to the 
wall 172 and covers an opening 176. The casing 134 
also includes a series of axially spaced oblique ports 
178 opening from the bore 136 into the chamber 166. 
The ports 178 are similar in configuration to the auxili-l 
ary ports 62 of the compressor 10. The casing 134 fur 
ther includes a series of ports 180, as shown by the pla-. 
nar development of FIG. 14, which open into the cham 
ber‘ 166 from the bore -138. A rotary capacity control 
valve member 182 is-provided in the compressor 132 
and is formed as a substantially cylindrical plug having 
a radially inwardly relieved portion 184, FIG. 13, which “ 
is delimited by a helical control edge 186 and a longitu 
dinal edge 188. The valve member 182 is closely fitted 
in the chamber 166 and includes an axial passage 190 
which is in communication with a liquid inlet passage 
192 formed in the support member 152. A hub portion . 
194 on the valve member 182 is ?tted in a recess in the i 
wall 172. A set screw 196 threaded into the wall‘172 ‘ 
is engaged with the hub 194 for locking the valve mem 
ber 182 in various rotative positions in accordance with 
the desired capacity of the compressor 132. As shown 
in FIG. 15, in which view the cover member 174 is re 
moved, a ?at sided socket 193 is provided in the end 
face of the hub 194 for insertion of a suitable wrench 
for turning the valve member 182. 
The valve member 182 is provided with a plurality of ~ 

liquid injection passages designated by numerals 200, 
202, 204, 206, 208, 210 and 212 which are of progres 
sively decreasing diameter from the passage 200 to the 
passage 212. The passages 200 through 212 are spaced 
axially along the valve member 182 and also are dis; 
posed spaced apart around the circumference of the ‘ 
cylindrical plug portion of the valve member. Each pas 
sage is in communication with the passage 190 for con 
ducting liquid to the bores 136 and 138 by way of the 
auxiliary ports 178 and 180. The passages 208, 212 and . 
210 are operable to be in registration with slots 216 and , 
214, FIG. 14, which open into the bore 138. With the 
exception of passage 208 the passages 200 through 212 
are respectively in communication 'with elongated 
grooves of various lengths and position on the cylindri 
cal surface of the valve member 182. The arrangement ~ 
of the passages 200 through 212 and their respective 
associated grooves is such as to be cooperable withthe 
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ports 178 and 180 and the slots 214 and 216 to vary the 
amount and location of liquid injected into the bores 
136 and 138. This is in accordance with the position of 
the control edge 186 and, accordingly, the capacity or 
gas throughput of the compressor 132. 
FIG. 14 illustrates a planar development of the cylin 

drical control valve member 182 superimposed on a 
planar development of the ports 178 and 180. The de 
velopment of the valve member 182 represented by the 
solid lines shows the position of the valve with respect 
to the ports when all ports are closed and the compres 
sor is operating at the maximum displacement volume 
or capacity of the rotors 140 and 142. In this position 
the two largest diameter passages 200 and 202 are in 
registration with the ports 180 and 178, respectively. 
The position of the valve 182 represented by the 
dashed lines is the maximum reduced capacity position 
in which all ports 178 and 180 are open and in commu 
nication with the chamber 166 and the inlet port 158. 
In this position the passages 210 and 212 of smallest di 
ameter are in registration with slots 214 and 216 for in 
jecting a reduced quantity of liquid in accordance with 
the reduced capacity or gas throughput of the compres 
sor 132. 
As may be appreciated from the foregoing descrip 

tion and illustrations of the compressor 132 the ports 
178 and 180 do not extend toward the high pressure 
end of the casing 134 sufficiently to provide for reduc 
tion of compressor capacity to zero flow. The arrange 
ment of the valve member 182 is also provided for 
compressors wherein only infrequent adjustment of ca 
pacity is required. Such a compressor as the compres 
sor 132 might be used where it would be required to 
operate the compressor continuously at reduced capac 
ity perhaps together with increased inlet and/or dis 
charge working pressures. In this way a compressor 
such as the compressor 132 could be operated continu 
ously at reduced capacity more efficiently than by the 
use of certain other capacity reduction means such as 
throttling the inlet gas flow. Inlet throttling could be 
used, however, for short term reduction of capacity to 
zero flow, if needed. 
.What is claimed is: 
1. In a helical screw gas compressor: 
a casing having two parallel intersecting bores; 
an inlet port and a discharge port opening into said 

bores; 
interengaged helical screw rotors disposed in said 
bores and characterized by cooperating helical 
grooves and lobes forming working chambers oper 
able to entrap and compress gas admitted to said 
bores through said inlet port; 

a cylindrical chamber formed in said casing and hav 
ing an opening in communication with said inlet 
port; 

a plurality of auxiliary ports formed in said casing and 
opening to at least one of said bores and to said 
chamber, said auxiliary ports being spaced apart 
axially with respect to the longitudinal axis of said 
one bore; 

a rotatably turnable control valve member disposed 
in said chamber characterized by a portion forming 
a closure for said auxiliary ports delimited by a 
control edge coactable with said auxiliary ports for 
opening and closing said auxiliary ports in response 
to turning said valve member whereby the gas 
throughput of said compressor is controlled in ac 
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10 
cordance with the opening and closing of said aux 
iliary ports by said valve member; 

means for turning said valve member; and, 
passage means for injecting liquid into said bores for 
mixing with said gas being compressed by said ro 
tors, said passage means being operably associated 
with said valve member whereby the effective ?uid 
flow area of said passage means is increased in re 
sponse to the turning of said valve member to close 
said auxiliary ports. 

2. The invention set forth in claim 1 wherein: 
said passage means for injecting liquid into said bores 

is disposed in said casing and is operable to control 
the axial position of liquid injection with respect to 
the longitudinal axis of said bores in accordance 
with the opening and closing of said auxiliary ports 
by said valve member. 

3. The invention set forth in claim 2 wherein: 
said passage means for injecting liquid into said bores 

is movably disposed in said casing for injecting liq 
uid into a working chamber formed by a pair of 
grooves of said rotors only after said working 
chamber is no longer in communication with said 
inlet port. 

4. The invention set forth in claim 2 wherein: 
said valve member comprises a cylindrical plug por 

tion closely ?tted in said chamber and delimited by 
said control edge, and said passage means com 
prises plural passages in said cylindrical plug por 
tion operable to be in communication with said 
auxiliary ports in accordance with the rotative posi 
tion of said valve member for injecting liquid into 
said bores. 

5. The invention set forth in claim 4 wherein: 
said passages in said valve member are spaced apart 

axially with respect to the rotational axis of said 
valve member and said passages are spaced apart 
around and open to the circumference of said cy 
lindrical plug portion whereby one or more of said 
passages are in communication with said auxiliary 
ports in accordance with the rotative position of 
said valve member. 

6. The invention set forth in claim 4 wherein: 
said compressor includes a conduit in communica 

tion with said discharge port, a liquid separator and 
reservoir tank connected to said conduit, and con 
duit means connected to said reservoir tank and in 
communication with said passage means for con 
ducting liquid to said passage means for injection 
into said bores at a flow rate in accordance with the 
differential pressure between said reservoir tank 
and said auxiliary port in communication with said 
passage means. 

7. The invention set forth in claim 4 wherein: 
said valve member includes a shaft portion and said 
means for turning said valve member includes a 
gear connected to said shaft portion, gear means 
meshed with said gear, and means for reversibly 
moving said gear means for causing the reversible 
rotation of said valve member. 

8. The invention set forth in claim 4 together with: 
means for locking said valve member in a predeter 
mined rotative position, said means comprising a 
set screw disposed in said casing and engageable 
with said valve member. 

9. In a helical screw gas compressor: 
a casing having two parallel intersecting bores; 
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an inlet port and a discharge port opening into said 
bores; 

interengaged helical screw rotors disposed in said 
bores and characterized by cooperating helical 
grooves and lobes forming working chambers oper 
able to entrap and compress gas admitted to said 
bores through said inlet port; 

a cylindrical chamber formed in said casing and hav 
ing passage means in communication with said inlet 
port; 

a plurality of auxiliary ports formed in said casing and 
opening to at least one of said bores and to said 
chamber, said auxiliary ports comprising a series of 
oblique slots spaced apart axially with respect to 
the longitudinal axis of said one bore, the longer 
sides of said slots forming an angle with respect to 
said longitudinal axis which corresponds substan 
tially to the helix angle of the rotor disposed in said 
one bore; 

a rotatably turnable control valve member compris 
ing a cylindrical plug portion closely ?tted in said 
chamber and forming a closure for said auxiliary 
ports delimited by a control edge coactable with 
said auxiliary ports in response to turning of said 
valve member whereby the gas throughput of said 
compressor is controlled in accordance with the 
opening and closing of said auxiliary ports; 

means for turning said‘valve member; 
a longitudinal passage disposed in said valve member 
and in communication with a source of liquid; and, 

a series of radially extending passages in said valve 
member for injecting liquid into said bores for mix 
ing with the gas being compressed by said rotors 
and for ?lling up the clearance volume formed be 
tween said chamber and said one bore, said pas 
sages being spaced apart axially toward said dis 
charge port and with respect to the rotational axis 
of said valve member and connected to said longi 
tudinal passage, said passages being spaced apart ‘ 
around and opening to the circumference of said 
cylindrical plug portion, and said passages includ 
ing respective grooves formed on the circumfer 
ence of , said cylindrical plug portion and propor 
tioned to be cooperable with said auxiliary ports to 
provide progressively smaller effective ?ow areas 
for injection liquid flowing to said bores in accor 
dance with the turning of said valve member to 
progressively reduce the gas throughput of said 
compressor, the amount of and axial position of in 
jection of said liquid being in accordance with the 
rotative position of said valve member. 

10. In a helical screw gas compressor: 
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12 
a casing having two parallel intersecting bores; 
an inlet port and a discharge port opening into said 

bores; , 

interengaged helical screw rotors disposed in said 
bores and characterized by cooperating helical 
grooves and lobes forming working chambers open-t 
able to entrap and compress gas admitted to said , ~ 
bores through said inlet port; 

a cylindrical chamber formed in said casing and hav- l 
ing passage means in communication with said inlet 
port; 

a plurality of auxiliary ports formed in said casing and ‘ 
opening to at least one of said bores and to said 
chamber, said auxiliary ports comprising a series of i 
oblique slots spaced apart axially with respect to 
the longitudinal axis of said one bore, the longer: 1‘ . 
sides of said slots forming an angle with respect to 
said longitudinal axis which corresponds substan 
tially to the helix angle of the rotor disposed in said , 
one bore; _ 

a rotatably turnable control ‘valve member compris— 
ing a cylindrical plug portion closely ?tted in said 
chamber and forming a closure for said auxiliary" 
ports delimited by a control edge coactable with 
said auxiliary ports in response to turning of said 
valve member whereby the gas throughput of said‘ 
compressor is controlled in accordance with the ‘ 
opening and closing of said auxiliary ports; 

means for turning said valve member; and, 
a plurality of passages in said valve member spaced‘ 

apart axially toward said discharge port and with 
respect to the rotational axis of said valve member, 
and having progressively smaller effective ?ow, 
areas toward said discharge port, said passages,‘ 
being spaced apart around and opening to the cir 
cumference of said cylindrical plug portion 
whereby one or more of said passages are in com- ‘ 
munication with said auxiliary ports in accordance 

' with the rotative position of said valve member for ‘ 
injecting liquid into said bores for mixing with the 
gas being compressed by said rotors and for ?lling 
up the clearance volume formed by said auxiliary 
ports between said chamber and said one bore, the 
amount of and axial position of injection of said liq 
uid being in accordance with the rotative position 
of said valve member. 

11. The invention set forth in claim 10 wherein: 
said passages are formed as plural pairs of passages,‘ 
each pair spaced axially closer to said dischargev 
port having a progressively smaller combined ef-' 
fective flow area. 

* * * * * 


