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This invention relates to a screw rotor machine for 
operation as compressor or expander in a known manner 
comprising at least two co-operating male and female 
rotors with intermeshing lands and grooves, a casing pro 
vided with end walls and cylindrical bores for the rotors 
intersecting each other, with substantially diagonally 
placed low pressure and high pressure ports. The ma 
chine further having nozzle means provided on the high 
pressure side of the machine for injection of a liquid under 
pressure, there being clearance provided between the 
rotors and the casing which are formed so that at their 
revolving the rotors together with the casing provide 
closed chambers consisting of communicating groove por 
tions of two co-operating rotors and varying in volume as 
the rotors revolve. Since such a machine would have a 
built-in pressure ratio such that it could be utilized as a 
compressor or expander, it would be advantageous to pro 
vide the same with at least three lands on each rotor. 

In earlier known embodiments of screw rotor machines 
of the type under consideration nozzle means have been 
provided for injection of a liquid under pressure into the 
chambers either axially through nozzle means located in 
a low pressure end wall, in the transverse plane through 
each of nozzle means located in the jacket walls of the cas 
ing or in the rotors. The object of this liquid injection 
has been to improve the sealing between the cooperating 
rotors and between each rotor and the casing. The rotors 
must be disposed in the casing so that a close tolerance be 
tween rotors and casing is obtained in order to prevent 
direct contact and resulting seizure. 
The rotors in the previous types of dry operating com 

pressor must be designed to operate with a similar close 
tolerance therebetween and therefore must be fitted with 
synchronizing wheels to maintain this clearance. How 
ever, by utilizing oil as injection liquid synchronizing 
wheels may be dispensed with and the female rotor di 
rectly driven by the male rotor. This results in the clear 
ance between the front face of the lands of the male rotor 
and the back face of the lands of the female rotor being 
eliminated. The clearance between the back face of the 
lands of the male rotor and the front face of the lands of 
the female rotor is maintained in such a case. Besides said 
clearances between the axially extending surfaces of the 
casing and the rotors, clearances also must be provided 
between the ends of the rotors and the end walls of the 
casing. At the high pressure end the pressure difference 
between both ends of the rotors is equal to the total pres 
sure difference between the pressures in the high and low 
pressure ports resulting in a need for sealing of this clear 
alC6. 
Through said clearances there is a continuous leakage 

from chambers of higher pressure to chambers of lower 
pressure. This leakage is dependent on the width and 
length of the clearances, the pressure difference between 
two adjacent chambers, the time and the properties of the 
working medium. By injection of oil in the gas constitut 
ing the working medium these properties can be changed 
so that the leakage is considerably reduced while the 
working medium is also cooled so that the temperature 
of the compressor will not become overly high and the 
thermal expansion becomes less thereby permitting nar 
rower clearances. This enables the number of revolu 
tions of the compressor to be reduced while maintaining 
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2 
its volumetric efficiency as well as increasing the compres 
sion rate in each compressor stage. 
Through investigation the manner in which liquid in 

jection is performed has been found to be most important. 
One object of the present invention is the design and 
location of the injection nozzles to promote good sealing 
between the rotors and casing. It is characteristic of the 
present invention that nozzle means be provided for injec 
tion of the liquid at an angle to the plane transverse to the 
axes of the rotors and through the respective nozzle 
means in the direction of the high pressure port. Thus 
the injection liquid obtains a component of movement 
counterdirected to the gas flow along the walls of the cas 
ing because of the pressure difference. 
A further characteristic of the invention is that the 

nozzle means are provided in the cylindrical walls of the 
casing on the same side of the plane through the axes of 
the rotors as the high pressure port and particularly along 
the line of intersection between two adjacent cylindrical 
bores. 

Those and other characteristics of the invention and 
the advantages ensuing therefrom will be apparent from 
the following description of a number of embodiments 
shown in the accompanying drawing. 

FIG. 1 is a vertical longitudinal section taken on line 
1-1 in FIG. 2 of a screw rotor compressor according to 
the invention. 

FIG. 2 is a vertical cross section of this compressor 
taken on line 2-2 in FIG. 1. 

FIG. 3 is a modification of a detail in FIG. 2. 
FIG. 4 is a further modification of a detail in FIG. 2. 
FIG. 5 is a view of the end wall on the high pressure 

side of the casing taken on the line 5-5 in FIG. 1. 
FIG. 6 is a cross section of a detail of the end wall of 

the casing taken on line 6-6 in FIG. 5. 
FIG. 7 is a view of a modification of the end wall of 

the casing on the high pressure side taken in the same 
manner as in FIG. 6. 

FIG. 8 is a longitudinal section through another em 
bodiment of a screw rotor compressor. 

FIG. 9 is a modification of same detail as in FIG. 5 
taken on line 9-9 in FIG. 10. 

FIG. 10 is a detail in cross section taken on line 10-10 
in FIG. 9. 

FIG. 11 is another detail in cross section taken on line 
11-11 in FIG. 9. 
The screw rotor compressor according to FIGS. 1, 2 

and 5 comprises two co-operating rotors 20 and 22, of 
which one, the male rotor 20, is provided with four con 
VeX lands 24 and intervening grooves 26 and co-operates 
with the other or female rotor 22 which is provided with 
six concave lands 28 and intervening grooves 30. The 
rotors 20, 22 are journalled in end walls 32 and 34 of 
the casing 36 of the compressor which for the rest com 
prises a jacket 38 encircling the rotors. The high pressure 
end wall 32 is made integral with the jacket in the form of 
a barrel portion 38 while the low pressure end wall is 
made separate. 
The casing is provided with an inlet 40 with a low 

pressure port 42 to the working chamber 44 defined by 
the jacket 38 and the end walls 32 and 34 and with an 
outlet 46 with a high pressure port 48 from the working 
chamber 44 for the gas, for instance air, which is to be 
compressed in the machine. The low pressure port 42 is 
entirely axially arranged and has its opening edge 35 
located radially inside the outer peripheries of the rotors 
to maintain a liquid film along the jacket wall 38. The 
low pressure port 42 and the high pressure port 48 are 
placed approximately diagonally opposite each other in 
the working chamber 44. In the case shown the low pres 
sure port 42 is located upwardly and the high pressure 
port 48 downwardly in the casing 36. The invention, 
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however, is not limited to this placing but this can be 
varied according to known principles. 
On the high pressure side along the intersection line 

between the two bores, which provide the working cham 
ber 44, the jacket 38 is provided with a hollow space 52 
having a supply opening 54 through which liquid is 
supplied under pressure from a source of pressure liquid, 
not shown. Between the hollow space 52 and the work 
ing chamber 44 a plurality of passages 56 are provided 
along said intersection line, of which passages each one 
is directed at an oblique angle with respect to a trans 
verse plane normal to the axes of the rotors through the 
mouth of the passage 56 into the working chamber 44 
in a direction toward the high pressure port 48 and 
serves as an injection nozzle for the liquid supplied to the 
hollow space 52 through the supply opening 54. 

In the casing 36 a second hollow space 58 is provided 
adjacent the high pressure end wall 32. This hollow 
space is provided with a supply opening 60 through which 
a liquid under pressure is supplied from a source of pres 
sure liquid, not shown. Between the hollow space 53 
and the working chamber 44, as is evident from FIG. 6, 
a plurality of passages 62 are provided each of which is 
directed at an oblique angle with respect to the plane of 
the end wall in a direction toward the high pressure port 
48. 
The machine operates in the following manner. Gas 

eous working medium enters through the inlet port 42 
into two communicating grooves 26, 30 in the rotors 20, 
22 on the low pressure side of the compressor. These 
two grooves form a suction chamber which is open to 
the inlet port and at its other end closed in that the 
lands 24, 28 leading in the direction of rotation of the 
one rotor intermesh with the groove on the other rotor, 
the volume of which chamber successively increases as 
the rotors revolve until the lands completely leave the 
grooves and instead seal against the high pressure end 
wall 32 of the casing. Working medium simultaneously 
and continuously flows in and fills the chamber. 
When the grooves 24, 26 have opened to their maxi 

mum size they are closed relative the inlet port 42 in 
that two lands 24, 28 seal off the low pressure port 42. 
Said lands 24, 28 during the continued revolving of the 
rotors 20, 22 intermesh more and more and fill up the two 
grooves 26, 30 lying in front thereof in the direction of 
rotation simultaneously as to impart to the working 
medium a peripheral and axial movement towards the 
high pressure port 48. When the lands 24, 28 have 
closed the chamber formed by the both communicating 
grooves 26, 30 a compression begins of the quantity of 
working medium enclosed therein in that at the inlet end 
the lands 24, 28 more and more enter into the grooves 
26, 30 while at their high pressure ends the grooves are 
sealed by means of the high pressure end wall 34 of the 
housing. 
By means of the compression the pressure on the work 

ing medium is increased so that the latter tries to leak 
out through the clearances between the rotors 20, 22 and 
the casing 36 and also between the rotors at their inter 
mesh. This leakage acts as a gas flow in the direction 
from the high pressure port 48. In order to reduce this 
leakage liquid is injected into the working chamber 44 
of the machine through the nozzles 56, 62. By this means 
the viscosity of the trapped working medium is altered 
so that the leakage is diminished. By means of injecting 
the liquid so that the liquid flow and the gas flow have 
opposite directions of movement the gas stream is re 
tarded and thereby the leakage is still more reduced. 
The axial flow becomes particularly established within 
the range in which the lands 24, 28 and the grooves 26, 
30 intermesh on account of which the liquid in order 
to counteract this flow preferably is injected at or adjacent 
to the line 50 of intersection between the two bores which 
each encircles a rotor. 

In order to reduce the leakage through the clearance 
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4. 
between the ends of the rotors and the high pressure end 
wall 32 of the housing, liquid is injected in the same 
manner in this clearance through the nozzles 62 in a 
direction toward the high pressure port 48. 

During the continued revolving of the rotors 20, 22 the 
chamber is opened towards the high pressure port 48 
and the lands 24, 28 engage more and more from the 
low pressure end with the grooves 26, 30 upon which the 
working medium under pressure is forced out from the ma 
chine through the outlet 46 to a liquid separator, not 
shown, for recovering of the injection liquid which after 
cooling again by means of a pump, not shown, is injected 
into the machine. 

Besides as sealing medium the injection medium serves 
as medium for direct cooling of the working medium and 
possibly also as lubricant between the rotors. By utiliz 
ing lubricant oil as injection liquid and by supplying the 
same in sufficient quantity the male rotor can when so 
is desirable directly drive the male rotor without inter 
connecting synchronizing gears. 
FIG. 3 shows another location of the passages between 

the hollow space 52 and the working chamber 44. Ac 
cording to this embodiment these passages 64 are ar 
ranged in two parallel rows on both sides of the inter 
section line 50 between the both bores of the working 
chamber 44. This design is particularly suitable when 
the line 50 of intersections and the portion adjacent 
thereto must be made use of for other purposes or if the 
amount of injected liquid is too large to permit injection 
only through a single row of openings. 

FIG. 4 shows still another location of the passages 66 
between the hollow space 52 and the working chamber 
44. According to this design the passages are obliquely 
drilled in relation to the longitudinal plane of symmetry 
through the casing so that the passages 66 in the direc 
tion of injection incline towards the female rotor 22. 
This design of the injection passages 66 is particularly 
advantageous in combination with rotor profiles which, in 
the case of the male rotor 20 consist of substantially cir 
cular lands 24 located mainly outside the pitch circle 
of the rotor with intervening grooves 26, and which, 
in the case of the female rotor consist of substantially 
circular grooves 30 located mainly inside the pitch circle 
of the rotor with intervening lands 28. With such rotor 
profiles, blow openings are created along the intersection 
line 50 from one chamber to the adjacent chamber through 
which a gas flow directed towards the male rotor 20 is 
created. To counteract this gas flow it is advantageous 
to arrange the nozzles 66 for the fluid injection so that 
the injected liquid jets are counterdirected to this gas 
flow, viz. directed towards the male rotor in order to 
reduce the leakage created by this gas flow. 

FIGS. 7 and 8 show an embodiment in which the 
injection passages 68 and 70 are formed with increased 
inclination to the transverse plane the more nearly the 
high pressure port 48 the holes are located. By means 
of that is attained that in spite of the counter pressure 
increasing towards the high pressure port 48 and the 
reduced absolute injection velocity of the liquid follow 
ing therefrom, so can the velocity component directed 
towards the gas flow be kept at constant size. By means 
of this increasing inclination of the passages 68, 70 an 
equal effective sealing can be obtained in the entire 
machine. 
FIGS. 9 to 11 show another varied detail design. Ac 

cording to this open the passages 72 in the high pres 
sure end wall 32 into recesses 74 which in the direction 
of injection are formed with increasing radial width and 
decreasing axial depth. By means of these recesses 74 
is attained that the jets of liquid ejected from the pas 
sages 72 when a rotor land 24, 28 covers the passages 
72 diverge in radial direction so that a liquid film cover 
ing the entire radial length of the rotor land 24, 28 is 
created instead of a number of parallel separate liquid 
jets. For that reason sealing in this manner is obtained 
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much more along the entire length of the rotor land 
24, 28 than if the passages 72 had opened into a smooth 
high pressure end surface 32. 
While suitable embodiments of apparatus for carry 

ing the principles of the invention into effect have been 
disclosed by way of example, it will be understood that 
the invention embraces all forms of construction falling 
within the scope of the appended claims. 
I claim: 
1. A compressor of the screw rotor type for compress 

ing elastic fluid comprising a casing structure providing 
a barrel portion having intersecting bores with coplanar 
axes and confined by end wall portions and further pro 
viding mainly diagonally located low pressure and high 
pressure ports communicating with said bores, male and 
female rotors provided with helical lands and interven 
ing grooves rotatably mounted in said bores, the lands 
of the male rotor having convexly curved flanks the 
major portions of which lie outside the pitch circle 
of the male rotor and the grooves of the female rotor 
having concavely curved flanks the major portions of 
which lie inside the pitch circle of the female rotor, the 
lands and grooves of said rotors intermeshing to form 
with the casing structure chevron shaped working cham 
bers each composed of communicating portions of a male 
rotor groove and a female groove joining at the apex end 
of the chamber and said apex end moving axially to 
ward said high pressure port as the rotors revolve to de 
crease the volume of the chamber and effect compression 
of the fluid contents thereof, and means for injecting 
liquid under pressure into the working space provided 
by said bores, said means comprising passages extending 
through said casing structure on the high pressure side 
of the plane of said axes and terminating at their inner 
ends in openings for discharging liquid into said Working 
space, said passages and openings being constructed and 
arranged so that the liquid is discharged from said open 
ings obliquely with respect to a transverse plane normal 
to the axes of said rotors in a direction giving the liquid 
discharge from said openings a velocity component di 
rected towards said high pressure port. 

2. A compressor as defined in claim 1 in which said 
means for injecting liquid comprises a plurality of pas 
sages extending through the wall of the barrel portion 
of said casing structure and terminating in openings 
located in the area adjacent to and inclusive of the line 
of intersection between said bores on the high pressure 
side of said plane of the rotor axes. 

3. A compressor as defined in claim 2 in which said 
openings are disposed in two longitudinally extending 
rows each in a different one of said bores and each adja 
cent to said line of intersection between the bores. 

4. A compressor as defined in claim 2 in which said 
passages and openings are constructed and arranged to 
discharge the liquid obliquely with respect to a longitu 
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dinal central plane normal to the plane of said axes in a 
direction toward said female rotor. 

5. A compressor as defined in claim 2 in which said 
passages and openings are constructed and arranged so 
that the liquid discharged from an opening nearer said 
discharge port is discharged at a greater angle of inclina 
tion with respect to said transverse plane toward said port 
than is the liquid discharged from an opening more re 
mote from said port. 

6. A compressor as defined in claim 1 in which said 
means for injecting liquid comprises passages and open 
ings located in the high pressure end wall of said casing 
Structure. 

7. A compressor as defined in claim 6 in which said 
passages and openings are constructed and arranged so 
that the liquid discharged from an opening nearer said 
discharge port is discharged at a gerater angle of in 
clination toward said port than is the liquid discharged 
from an opening more remote from said port. 

8. A compressor as defined in claim 1, in which said 
openings are in the form of recesses of increasing radial 
width and decreasing axial depth in the direction of liquid 
flow through said openings. 

9. A compressor as defined in claim 2, in which addi 
tional means for injecting liquid are provided, said addi 
tional means comprising passages and openings located 
in the high pressure end wall portion of said casing 
Structure. 
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