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(57) Abrege/Abstract:

"he Invention concerns an element of a screw compressor injected with water containing two rotors (2-3) in a rotor chamber (4).
The water circuit (11) contains a part (10) in which practically prevaills the outlet pressure. On the Inlet side, the axle journals
(13, 16) are radially supported on hydrodynamic slide bearings (18, 19). In the housing (1) opposite to the crosscut ends of the axle
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(57) Abrege(suite)/Abstract(continued):

Journals (13, 16) are formed chambers (20, 21) which are connected to the above-mentioned part (10) or to the inside of the rotor
chamber (4). On the outlet side, the axle journals (14, 1/7) are radially supported on hydrodynamic slide bearings (25, 26) on the

one hand, and they are axially supported on hydrostatic slide bearings (27, 28) on the other hand which are connected to the
above-mentioned part (10) of the water circuit (11), or on hydrodynamic slide bearings (37, 38).
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A SCREW COMPRESSOR INJECTED WITH WATER

The present invention concerns an element of a screw

compressor 1injected with water <containing two co-

operating rotors which are bearing-mounted in a housing,

whereby this housing limits a rotor chamber in which the

rotors are situated and in which flows out a water

.

circuit for the injection of water, and which is provided

with an inlet and an outlet and whereby the rotors are

i
—

supported by means of axle journals, both on the side of

the 1nlet and on the side of the outlet, on radial

hydrodynamic slide bearings lubricated with water, and

are supported also axially on the outlet side, and

whereby, on the inlet side, opposite to the crosscut ends

of the axle journals, is formed at least one chamber.

In such compressor elements which are injected with

water, water 1s used as a lubricant instead of oil, for

the rotors as well as their bearings.

Onto this water can be added additives such as an anti-

corrosion agent and/or an agent which causes a depression

of the freezing point.

This makes it possible to obtain oil-free compressed air

in a simple manner and to cool the rotors, so that the

compression temperature can be kept under control and the

efficiency of the compression is large on the one hand,

and to avoid sealing problems which would arise if the

bearings were Ilubricated with o0il, since water may not

penetrate in such bearings and no oil may leak in the

compressed alr on the other hand.
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These compressor elements contain hydrodynamic slide

bearings for the radial positioning and hydrostatic or

hydrodynamic slide bearings for the axial positioning of

the rotors, as opposed to oil-lubricated compressors,

ety

which usually make use of rolling bearings.

The axilal slide bearings, onto which water is added, have

to absorb the axial force, exerted on the rotors by the

compressed gas.

Such a compressor element is described in WO 99/13224.

On the 1nlet side, opposite to each of the crosscut ends

of the axle journals is formed a chamber, onto which is

connected a discharge pipe which opens into the rotor

chamber, not far from the inlet.

The chambers opposite to the crosscut ends of the axle
journals collect the aqueous lubricating ligquid coming

from the radial bearings via restricting elements, and

they are under a limited pressure.

Moreover, also on the inlet side, opposite to the axle

journals or to rings fixed on these axle journals, are
formed spaces, onto which is connected a discharge pipe
in the same manner which communicates with the rotor

chamber in the wvicinity of the inlet.

Consequently, the axial forces on each rotor have to be

absorbed almost exclusively by the axial bearing on the

outlet side, which axial bearing is a combined

hydrodynamic/hydrostatic bearing.

As the diameters of the axial bearings are restricted by

the centre distance between the rotors, the magnitude of
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the reactive force which can be generated in the bearing

will be determined by the water pressure in the bearing.

-

In the case of hydrostatic axial bearings, the feeding

pressure, required to absorb the above-mentioned axial

force, will be larger than the outlet pressure of the

compressor element, and with such bearings, an extra pump

1s required to increase the feeding pressure of the water

for the hydrostatic bearings.

In the case of hydrodynamic axial bearings, the speed

must be sufficiently high in order to be able to build up

enough hydrodynamic pressure, which makes starting up

against the pressure impossible on the one hand, - and

et

which strongly restricts the magnitude of velocity and

thus the field of action of the compressor.

As in the compressor element according to WO 99/13224 the

axial ~bearings on the outlet side are combined

hydrodynamic/hydrostatic bearings, the above-mentioned

disadvantages are somewhat reduced, but in practice it

appears that a pump is necessary to feed the axial

bearings, and the compressor element cannot work under

high pressures.

The 1invention aimg an element of a screw compressor

injected with water with water-lubricated bearings which

does not have the above-mentioned disadvantages and

consequently permits a more efficient bearing, whereby,
as a result, no pump is required to feed the hydrostatic
bearings on the one hand, and, 1in the case of
hydrodynamic axial bearings, the compressor element has a

larger field of action on the other hand.
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According to the present invention, there is provided an element of a screw
compressor injected with water, containing first and second co-operating rotors
which are bearing-mounted in a housing, whereby this housing limits a rotor
chamber in which the rotors are situated and in which flows out a water circuit
for the injection of water, and which is provided with an inlet and an outlet and
whereby the rotors are supported, both on inlet and outlet sides, on inlet and
outlet radial hydrodynamic slide bearings lubricated with water by means of axle
journals with crosscut ends, and are also axially bearing mounted on the outlet
side, and whereby, on the inlet side opposite to the crosscut ends of the axle
journals is formed at least one side chamber, characterised in that only on the
inlet side, the side chamber which is formed opposite to the crosscut ends of the
axle journals is directly connected to a source of fluid under pressure which Is
equal to at least 70% of the outlet pressure of the compressor element, whereby
said source of fluid under pressure consists of either one of: a part of said water
circuit and said rotor chamber.

Thanks to the pressure 1in the chamber or chambers
opposite to the crosscut ends on the inlet side, an axial
pressure is created on the crosscut ends of the axle
journals towards the outlet side which counteracts the

axial force, exerted by the compressed gas on the rotors.

Preferably, a chamber is formed on the 1inlet side,
opposite to each axle jourmal, and each chamber 1is
directly connected to a source o¢of a fluid wunder a
pressure which is equal to at least 70% of the outlet

pressure of the compressor element.

The chamber opposite to the crosscut ends of the axle
journals on the inlet side can be connected to the part

of the water circuit in which practically prevails the
outlet pressure of the compressor element, so that the

fluid is the injection water for the rotors.

Preferably, according to an embodiment of the invention, the above-mentioned

chamber is connected to the inside of the rotor chamber.
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In this case, not only water but a mixture of gas and
water 1is provided to the chamber. This chamber 1is
prefei‘ably connected to the rotor chamber by means of a
conduit which i1is connected to the wall of the rotor

chamber in such a place that a mixture of gas and water
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will flow via the conduilt, which stxll contains

relatively much water.

g

The axial bearing of the axle journals on the outlet side

can be formed by hydrodynamic slide bearings which are
also connected to the part of the water circuit which is

practically situated on the outlet pressure, so that also

with such slide bearings the water supply is simple.

The axial bearing of the axle journals on the outlet side

can also be formed of hydrostatic bearings which each
contain a ring surrounding the axle journal and which is
connected to a radially protruding collar on the side of
the bodies of the rotors, with on either side in the
housing .a ring-shaped chamber filled with water under
pressure which is connected to the part of the water

circuit in which the outlet pressure practically

. prevails.

Preferably, the outlet of the compressor element opens

into a water separator, and the part of the water circuit

which is practically situated on the outlet pressure is a

conduit which is connected to the water collector part of

sald water separator.

The compressor element can be driven via the outlet side.

In order to better explain the characteristics of the

invention, some preferred embodiments of an element of a

screw compressor injected with water according to the

invention are described as an example only without being

limitative in any way, with reference to the accompanying

drawlngs, in which:
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figure 1 schematically represents an element of a2

SCrew compressor according to the invention;

figure 2 represents the part which is indicated by

F2 in figure 1 to a larger scale:

figure 3 represents a part analogous to that in

figure 2, but with reference to another embodiment :

figure 4 schematically represents an element of a

Screw compressor analogous to that in figure 1, but

Lk

with reference to another embodiment of the

iLnvention.

The element of a screw compressor injected with water

represented in figures 1 and 2 mainly consists of

housing 1 and two co-operating rotors, namely a female

rotor 2z and a male rotor 3 which are bearing-mounted in

salid housing 1.

As already mentioned, an additive may be added to the
water. ‘

The housing 1 encloses a rotor chamber 4 which is
provided on one far end, called the inlet side, with an
inlet 5 consisting of an inlet opening for the gas to be
compressed, and on the other far end, called the outlet

side, with an outlet 6 for the compressed gas and the
injected water.

On this outlet 6 is connected an outlet conduit 7 which
Llows out in a water separator 8 into which opens a
discharge conduit 9 for compressed gas at the top and
onto which is connected a water conduit 10 at the bottom
Co carry the water back to the rotor chamber 4 into which

salid water conduit 10 flows out via openings 10a and 10b.
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The water separator 8 and the water conduit 10 are part

i

oL a water circuit 11. As the pressure, namely the

outlet pressure, in the outlet conduit 7 is relatively

high during the normal operation of the element of the

SCrew compressor, practically the same outlet pressure

will prevail 1in the water separator 8, and the water

conduit 10 will form a part of the water circuit 11 which

1s practically situated on the outlet pressure of the

element of the screw compressor.

The female rotor 2 contains a screw body 12 and two axle
journals 13 and 14, whereas the male rotor 3 also has a

screw-shaped body 15 and two axle journals 16 and 17.

On the inlet side, the axle., journals 13 and 16 of the
rotors 2 and 3 are radially bearing-mounted in the
housing 1 by means of hydrodynamic slide bearings 18 and

19 lubricated with water. Where these slide bearings 18

and 19 are situated, the axle journals 13 and 16 are

provided with a special coating.

Opposite to the crosscut ends of the axle journals 13 and
16 respectively, closed chambers 20 and 21 are formed in
one end part 22 of the housing 1 which are connected

directly to the water conduit 10, and thus to the part of

the water circuit 11 which is situated on the outletr

pressure, vlia branches 23, 24 respectively, so that a

pressure 1s exerted on the crosscut ends of said axle

journals 13 and 16 during the operation of the compressor
element.

The leak water leaking out of said chambers 20 and 21 via
the axle journals 13 and 16 flows to the rotor chamber 4

and provides the water for the radial slide bearings 18
and 19.
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On the outlet side, the axle journals 14 and 17 of the
rotors 2 and 3 in the housing 1 are radially supported on

a hydrodynamic slide bearing 25, 26 respectively, and

axlally supported on a hydrostatic slide bearing 27, 28
respectively.

p—

Each of the axial hydrostatic slide bearings 27 and 28

contains a ring 29 which fits up to a collar 30 of the

axle journal 14 or 17 on the side of the bodies 12 or 15,

and contains a ring-shaped chamber 31, 32 respectively '

formed in the housing 1 on both radially directed sides

of said ring 29.

The two ring-shaped chambers 31 and 32 are connected to a

water conduit 34 wvia a conduit 33, 33A respectively,

which is in turn connected to the above-mentioned water

conduit 10 and thus to the part on the outlet pressure of

the water circuit 11.

In each of the conduits 33 and 33A is provided, as usual

with hydrostatic slide bearings, a restriction element
35.

The axle journal 17 is extended outside the housing 1,

where it can be coupled to a drive which is not

represented in figure 1.

The female rotor 2 is not connected to this drive, but is

driven by the male rotor 3.

On the outside in relation to the axial slide bearing 28,

the axle Journal 17 is sealed in relation to the housing

1 by a lip seal 36 in order to stop the leak water from
the ring-shaped chamber 32.
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The leak water going to the inside provides the water for

the radial hydrodynamic slide bearing 26 of the axle

journal;l7.

In an analogous manner, the leak water of the axial slide

bearing 27 provides the water for the radial hydrodynamic

slide bearing 25.

As the axle journal 17'§motrudes outside the housing 1,
no chamber can be formed on a crosscut end of this axle
journal 17, of course. Neither opposite to the crosscut
end of the axle journal 14 there will be a chamber which

1s directly connected to the part of the water circuit 11

in which practically prevails the outlet pressure of the

compressor element.

When the compressor element is activated, a high pressure

on the outlet side, namely the outlet pressure which

practically coincides with the pressure in the water

separator 8, will exert an axial force on the rotor

bodiegs 12 and: 15 in the direction of the inlet side.

These forces are ltargely compensated by the

counterpressure on the heads of the axle journals 13 and

16 on the inlet side, since the pressure of the water in

the chambers 20 and 21 is equal to the outlet pressure.

This implies that there is 1little force 1left for the

axial slide bearings 27 and 28 to overcome, and that
water under the outlet pressure of the compressor element
will- suffice to feed said axial hydrostatic slide

bearings, so that no extra pump is required.

The pressure drop over the restricting element 35 in the

condult 33 or 33A depends on the flow rate coming through
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it, which flow rate depends itself on the position of the
ring 29. When no axial force is exerted on the bearing,

the ring 29 and thus the axle journal 14 or 17 will take

up a position of equilibrium whereby the flow rates on

either side of the ring 29 are almost equal, and the

pressure drops in the two restricting elements 35 in the

conduits 33 and 33A of an axle Jjourmnal 14 or 17 are

almost equal.

pressure difference 1s created 1n the two ring-shaped

chambers 31 and 32 which belong to the axle journal 14 or
17.

Only leak water can flow outside from the axial slide
bearings 27 and 28 around the axle journals 14 and 17.

Hence, the lip seal 36 around the axle journal 17 is

pressureless.

The embodiment represented in figure 3 only differs from

et

~he axle journals

the above-described embodiment in that

14 and 17 are axially supported on the outlet side on a

hydrodynamic slide bearing 37, 38 respectively.

Also this hydrodynamic slide bearing 37 or 38 can be of a
known construction. As the rotors 2 and 3 are rotated, a
water cushion will 1lift the axle journal 14 or 17.
Although the pressure of the water is not very important,
it is advantageous from a structural viewpoilnt to also
connect theée slide bearings 37 and 38 to the water
conduit 10 via conduits 33 and 33A, in which are provided
no restricting elements however, via the water conduit

34, go that they can also be fed with water which 1s
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practically on the outlet pressure of the element of the
SCrew compressor.

The embodiment represented in figure 4 mainly differs
from the embodiment represented in figure 1 in that the
two chambers 20 and 21 on the inlet side, opposite to the
crosscut ends of the axle journals 13 and 16, are not
directly connected to the water collecting part of the
water separator 8 wvia Dbranches 23 and 24, but are
directly fed as of the rotor chamber 4 via a separate
conduit 39, such that these chambers 20 and 21 are put
under a pressure of 70%, and preferably even more, of the

outlet pressure of the compressor element.

This conduit is connected to the inside o©of the rotor
chamber 4 wvia the wall, near the end of the outlet side,
so that the mixture of water and compressed air which
flows to the chambers 20 and 21 via the conduit 39 is
situated at a pressure of more than 70% of the outlet

pressure, and preferably as close as possible to said
outlet pressure.

Forming branches as of the outlet conduit 7 itself is not
advisable, since practically only compressed air and
almost no water would be provided to the chambers 20 and
21. By branching off close to the outlet 6, from an
axial viewpoint, but on the casing of the rotor chamber
4, 1n a place where there is relatively much water, one
makes sure that the above-mentioned mixture of air and
water contains relatively much water, which is good for
the lubrication of the axle journals 13 and 1le.

Whereas, in the embodiments according to figures 1 to 3,

radial hydrodynamic slide bearings 18 and 19 can be fed
on the 1nlet side by means of 1leak water from the
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y—

chambers 20 and 21, this manner of feeding the slide

bearings 18 and 19 is not indicated when a mixture of air

and water is supplied to said chambers 20 and 21, as

described above with reference to figure 4.

The hydrodynamic pressure can quickly vary, and, as the

air 1in ‘the mixture can be compressed, the pressure

g
e

variations will result in a compression or expansion of

the air, which may damage the bearing surface.

That is why, as represented in figure 4, the bearings 18

and 19 are split in two, namely a part 18A, 192

respectively, on the side of the rotor chamber 4, and a

part 18B, 19B respectively, on the side of the chambers

20 and 21, with a ring-shaped groove 40 between the parts

18A and 18B which is provided around the axle journal 13

inside the housing 1, and a ring-shaped groove 41 between

the parts 19A and 19B which is provided around the axle

Journal 16 inside the housing.

-

The parts 18A and 19A

are connected to the part 10 of the water circuit 11, via

form the actual slide bearing and

a conduit 42, 43 respectively, in which practically
prevalls the outlet pressure, and they are exclusively

fed with water under pressure from said part 10.

The parts 18B and 19B of the slide bearings 18 and 19
function ags a seal so to prevent that too much air with
water flows out of the rotor chamber 4 via the conduit

39, which would imply a loss of efficiency.

The two grooves 40 and 41 are connected to the inlet side

of . the rotor chamber 4 via a partly common conduilt 44, so

that air and water which might possibly leak through the
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parts 18B and 19B is discharged to the inlet side of the

—

rotor chamber 4.

The invention 1is by no means limited to the above-

5 described embodiment represented in the accompanying

drawings; on the contrary, such an element of a screw

compressor which is injected with water can be made in

all sorts of wvariants while still remaining within the

scope of the invention.
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WHAT IS CLAIMED IS:

1. Element of a screw compressor injected with water, containing first and
second co-operating rotors (2-3) which are bearing-mounted in a housing (1),
whereby this housing (1) limits a rotor chamber (4) in which the rotors (2-3) are
situated and in which flows out a water circuit (11) for the injection of water, and
which is provided with an inlet (5) and an outlet (6) and whereby the rotors (2,3)
are supported, both on inlet and outlet sides, on inlet and outlet radial
hydrodynamic slide bearings (18,19,25,26,) lubricated with water by means of
axle journals (13,16) with crosscut ends, and are also axially bearing mounted
on the outlet side, and whereby, on the inlet side opposite to the crosscut ends
of the axle journals (13,16) is formed at least one side chamber (20,21),
characterised in that only on the inlet side, the side chamber (20,21) which Is
formed opposite to the crosscut ends of the axle journals (13,16) Is directly
connected to a source (10,4) of fluid under pressure which is equal to at least
70% of the outlet pressure of the compressor element, whereby said source
(10,4) of fluid under pressure consists of either one of: a part (10) of said water

circuit (11) and said rotor chamber (4).

2. Element of a screw compressor according to claim 1, characterised In
that said at least one side chamber (20,21) comprises side chambers (20,21),
which are formed on the inlet side opposite to said axle journals (13,16), and in
that each of said side chambers (20,21) is directly connected to the source
(10,4) of a fluid under pressure which is equal to at least 70% of the outlet

pressure of the compressor element.

3. Element of a screw compressor according to claim 1 or 2, characterised
in that said at least one side chamber (20,21) opposite to the crosscut ends of
the axle journals (13,16) on the inlet side Is connected to a part (10) of the water
circuit (11) in which prevails the outlet pressure of the compressor element, such

that the fluid forms the injection water for the rotors (2-3).
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4. Element of a screw compressor according to claim 1 or 2, characterised
in that said at least one side chamber (20,21) opposite to the crosscut ends of
the axle journals (13,16) on the inlet side is connected to the inside of the rotor
chamber (4), and in that the chamber (20,21) is connected to the rotor chamber
(4) by means of a conduit (39) which is connected to the wall of the rotor
chamber (4) in such a place that a mixture of gas and water will flow through the

conduit which still contains relatively much water.

S. Element of a screw compressor according to claim 4, characteris'ed In
that said at least one side chamber (20,21) opposite to the crosscut ends of the
axle journals (13,16) on the inlet side is connected to the inside of the rotor
chamber (4) at a small distance from the outlet (6), seen in the axial direction of
the rotors (2,3).

0. Element of a screw compressor according to claim 4 or 5, characterised
in that said source of fluid under pressure consists of a source of water under
pressure, and in that the inlet radial hydrodynamic bearings (18,19) have first
and second parts (18A,18B; 19A,19B) on the inlet side, the first part (18A,19A)
being on a side of the rotor chamber (4), which first part (18A,19A) forms an
actual bearing and is connected to said source of water under pressure, which
second part forms a seal and whereby between the first and second parts (18A
and 18B;19A and 19B) of each of the above-mentioned radial hydrodynamic

bearings (18,19), is provided a discharge for leaking water and gas.

/. Element of a screw compressor according to claim 6, characterised in
that said source of water under pressure consists of a part (10) of the water

circuit (11) in which prevails the outlet pressure of the compressor element.

8. Element of a screw compressor according to claim 3 or 7, characterised
in that the axial bearing of the axle journals (14,17) on the outlet side consists of
hydrodynamic slide bearings (37,38) which are connected to the part (10) of the

water circuit (11) in which prevails the outlet pressure.
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9. Element of a screw compressor according to any one of claims 3, 7 and
8, characterised in that the axial bearings of the axle journals (14,17) on the
outlet side are hydrostatic bearings (27,28) which each contain a ring (29)
surrounding the axle journal (14,17) and fitting up to a collar (30) on a side of
bodies (12,15) of the rotors (2,3), with a ring-shaped chamber (31,32) filled with
water under pressure on either side of the housing, which is connected to the

part (10) of the water circuit (11) in which prevalls the outlet pressure.

10. Element of a screw compressor according to any one of claims 3, 7, 8
and 9, characterised in that the outlet of the compressor element flows into a
water separator (8) and in that the part (10) in which prevails the outlet pressure

is a conduit which is connected to a water collector part of said water separator

(8).

11. Element of a screw compressor according to any one of claims 1 to 10,
characterised in that the second rotor is a male rotor (3) driven via the outlet

side.
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