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Description

[0001] The present invention relates particularly but
not exclusively to compressors for elastic fluids with low
viscosity such as air or gas, of the type lubricated with
oil. More specifically a first aspect of the invention relates
to a gas - oil separation system integrated in a compres-
sor and a second aspect of the invention relates to a
compressor of gaseous fluids provided with this system.
[0002] Air compressors have numerous applications,
for example in industry or building, and the various re-
quirements related to these areas of use have entailed
the development of a range of extremely diversified prod-
ucts.

[0003] Rotary blade air compressors of the oil-lubricat-
ed type are known to the state of the art. These compres-
sors have a motor unit, provided for example with an
electric motor of variable power, which can be powered
directly by the mains voltage or by a generator, and a
compression unit, comprising a rotor placed inside a sta-
tor with whose internal walls it defines at least one cham-
ber of compression for the air. The rotor is notoriously
formed by a cylindrical body supported eccentrically in-
side the hollow stator, provided with angularly equidistant
radial grooves inside whereof the same number of blades
are mounted loosely. Through the effect of the centrifugal
force these blades are pushed into contact with the in-
ternal wall of the stator, also generally with a cylindrical
shape, thus dividing the at least one compression cham-
ber of the compressor into various channels with pro-
gressively decreasing volume. The rotor of the compres-
sion unit is generally connected to the shaft of the motor
by means for example of a flexible joint. The moving parts
do not encounter contact friction thanks to an oil injection
circuit which allows the formation and the maintaining of
a thin film of oil between the moving parts, which avoids
wear of the same and the phenomenon of seizure, at the
same time ensuring perfect airtightness. The compres-
sion unit also comprises an external cage provided in
particular with various channels for the circulation of air,
a space for housing the stator and an oil collection cham-
ber which, during operation of the compressor, transfers
the oil upstream of the circuit and recovers the oil down-
stream of the same. At least one radiator, a fan for cool-
ing, at least one part for separation of the air - oil mixture
and if necessary a condensate separator are also con-
nected to the compression unit.

[0004] The oil taken from the collection chamber is in
factinjected into the compression chamber where it com-
bines with the air, forming a mixture. The oil injection
circuit not only allows the formation of said layer of oil
between the moving parts but also contributes to cooling
the air during compression, which otherwise would take
place in a substantially isoentropic manner. The mixture
formed in this way must therefore undergo a process of
separation of its component air and liquid phases which
in the current state of the art is generally carried out
through several stages of separation in series. Among
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the separation systems adopted, that through centrifug-
ing, through gravity decanting and through separation by
means of afilter, for example in borosilicate fibres, known
colloquially as "candle", are known. These systems how-
ever involve additional elements which, placed in series,
considerably increase the overall dimensions of the com-
pressor. Separation by centrifuging and that by gravity,
moreover, do not allow very high separation factors to
be achieved, and it is therefore necessary to finalise this
separation by means of the so-called candle, a separa-
tion filter which is replaced periodically and which forms
a fairly bulky external appendage of the compressor. The
oil, once separated from the air, can be cooled by means
of aradiator also placed outside of the compressor before
being reused.

[0005] English patent application no. 2394007 de-
scribes an oil-tight rotary blade compressor which com-
prises a directly coupled motor unit and a compression
unit, the latter oil lubricated. For this purpose in fact the
shaft of the electric motor has an extension with such a
length as to allow its insertion in the rotor of the compres-
sion unit, provided with a suitable central hole, via a
flange of the compression unit. The direct coupling of the
electric motor with the rotor of the compressor allows
elimination of the flexible joint or another equivalent ele-
ment of coupling, allowing greater compactness of the
compressor. The device described is provided with afirst
oil separator of the centrifugal type and a second annular
separator, which occupy a certain volume inside the com-
pression unit.

[0006] European patent no. 0277583, in the name of
the same Applicant, describes a rotary blade air com-
pressor provided with means for the separation of the oil
that comprise alabyrinth path inside the compressor, bor-
dered by diaphragms and by radial fins placed on alter-
nating planes of the oil chamber. This system of mechan-
ical separation, wherein the pressurised air is demixed
from the air through successive impacts against the walls
that define said labyrinth, although being very efficient
presupposes the presence of a certain volume inside the
compressor occupied exclusively by this device, a vol-
ume which can only be reduced to the detriment of the
factor of demixing or excessive load losses, which limit
the effective ratio of compression that can be obtained.
[0007] The primary object of the present invention is
that of providing a system for gas - oil separation for a
compressor of gaseous fluids integrated in the compres-
sion unit, without the provision of internal volumes and
outside elements additional thereto.

[0008] Another object of the present invention is that
of providing a system for gas - oil separation integrated
in a compressor of gaseous fluids with high demixing
factor, yet at the same time with reduced overall dimen-
sions thanks to the smaller number of its component
parts.

[0009] The object of the present invention is likewise
that of providing a system for gas - oil separation inte-
grated in a compressor of gaseous fluids that can be
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made with a lower production cost in terms of times and
raw materials, and at the same time provided with impor-
tant requirements of quality, reliability and durability.
[0010] All these objects are achieved by the system of
gas - oil separation of compressed fluid according to the
present invention, for an oil-lubricated compressor of
gaseous fluids comprising a motor unit, a compression
unit and an external cage of the compression unit pro-
vided with a chamber for the collection of the lubricating
oil, wherein said system for gas - oil separation of the
compressed fluid comprises at least one stage of sepa-
ration consisting in the traversing of said oil collection
chamber by the compressed fluid.

[0011] Advantageously this system for separation of
gas - oil of the compressed fluid is fully integrated in the
COMpressor.

[0012] The system for gas - oil separation of the com-
pressed fluid will preferably comprise means for convey-
ing said compressed fluid into the oil collection chamber.
[0013] According to another aspect of the invention,
an oil-lubricated compressor of gaseous fluids is provid-
ed, equipped with a motor unit and a compression unit
which substantially comprises a rotor and a hollow stator
whose internal walls define with said rotor at least one
compression chamber, and an external cage provided
with a chamber for collection of the lubricating oil, pro-
vided with an integrated system for gas - oil separation
of the compressed fluid as disclosed above.

[0014] Further features and advantages of the present
invention will be made clearer on reading the following
detailed description of a preferred embodiment, given by
way of a non-limiting example, whereto the drawings re-
fer, in which:

Figure 1is asectioned side view of an air compressor
according to the present invention;

Figure 2 is a sectioned side view of the compression
unit of the compressor of Figure 1;

Figure 3a is a sectioned front view of the compres-
sion unit of Figure 2, with the detail of the motor side
cover; and

Figure 3b is a sectioned front view of the compres-
sion unit of Figure 2, with the detail of the cover on
the intake side of the body of the external cage.

[0015] Figure 1is a sectioned side view of an air com-
pressor provided with the system for gas - oil separation
of the compressed fluid integrated according to the
present invention. The air compressor 1 is of the rotary
blade type and lubricated with oil, and is composed of
the motor unit 2 coupled directly in a known manner to
the compression unit 3.

[0016] The motor unit 2 comprises an electric motor 4
whose shaft, not shown in the drawing, rotates around
the bearings or bushings 5. Said electric motor 4 is closed
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externally by a cylindrical body 6 provided with longitu-
dinal fins 7 suitable for aiding cooling of the stator and
rotor apparatuses of the electric motor 4. The cylindrical
body 6 is closed at the rear by the cap 10, and at the front
by the motor side cover 8 of the compression unit 3. Said
cap 10 is screwed directly to the motor side cover 8 of
the compression unit 3 by means of the tie-rods 9, so
that the cylindrical body 6 remains closed on both the flat
sides. A fan, not shown, is mounted in a known manner
on an extension of the drive shaft on the side of the cap
10, also not shown, so as to provide adequate convective
cooling for both the motor and compression units.
[0017] The compression unit 3, illustrated schemati-
cally in Figure 1, comprises in a known manner a rotor
11 and a stator 12, which define an air compression
chamber, and an external cage 13. This external cage
13 is formed by a motor side cover 8, to which the afore-
mentioned tie-rods 9 are screwed, by a side cylindrical
body 14 integral with said motor side cover 8, these parts
being made in a known manner in a single die-cast part,
and by an intake side cover 15.

[0018] The rotating shaft of the electric motor 4 also
has an extension 16 on the side of the compression unit
3 whereon the rotor 11 is keyed, so that the motor unit 2
and the compression unit 3 function through direct cou-
pling.

[0019] Figure 2 is a sectioned side view of the com-
pression unit 3 of the compressor 1 of Figure 1, wherein
the path of the compressed fluid, after exiting the com-
pression chamber, is indicated by means of arrows A, B
and C and which we will explain in detail herein below.
The compression unit 3 is lubricated with oil and has
means for the injection and the collection of the same.
In this respect the external cage 13 of the compression
unit 3 is provided with a chamber for the collection of the
oil 17, formed from an internal volume of said compres-
sion unit between the lower portion of the side cylindrical
body 14, the space for housing the stator 18 of the intake
side cover 15, the lower portion of the stator 12 and the
motor side cover 8. This chamber 17 for the collection of
the oil must maintain a virtually constant level of oil, which
is continuously removed during operation of the com-
pressor thanks to a difference in pressure which is cre-
ated between the oil collection chamber 17, wherein
there can be a working pressure of 10 bars, and the inlet
of the compression chamber, not shown in the drawing,
wherein the pressure is atmospheric pressure of approx-
imately 1 bar. The oil also succeeds in lubricating the
bushing 19 wherein the end portion of the extension 16
of the drive shaft rotates, since it is taken from the base
of the chamber 17 by means of a special small tube, not
shown, and is discharged through the small channel 20
formed in the intake side cover 15. The oil taken from the
oil collection chamber 17 is injected by means of special
injectors placed on the intake side cover, not shown, and
is mixed in the compression chamber with the air aspi-
rated from the compressor through the conduit and the
intake valve, also not shown in the drawing. 6 litres of oil
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aminute are typically removed in this type of compressor
and are mixed with 120 litres per minute of air removed
by aspiration, at atmospheric pressure. In the compres-
sion chamber the oil creates a thin film which isolates the
moving parts one from the other, preventing the phenom-
enon of seizure and limiting the dissipation of power due
to dynamic friction. During compression the oil, due to
the centrifugal motion of the rotor 11 and the increase in
pressure, is mixed with the air to form a mixture, which
exits from the compression chamber through the outlet
manifold 21. The flow of compressed mixture rises up
the vertical channel 22, formed in the motor side cover
8 through a radial hole, in the direction of arrows A in
Figure 1 and, through a series of stages which we will
explain herein below, is subjected to a process of sepa-
ration of the liquid phase, the oil, from the gaseous phase,
the air. This separation is necessary as the compressor
has to feed user machines which in the majority of cases
do not tolerate the presence of oil in the pressurised air.
Advantageously the present invention provides a system
for gas - oil separation of the compressed fluid fully inte-
grated in the compression unit 3, separation which is or-
ganised in three stages whereof one is mechanical and
two through coalescence.

[0020] The first stage of separation of the gas from the
oil phase takes place through mechanical impact of the
oil component of the pressurised mixture following at
least one change in direction at a right angle of the out
flow from the compression chamber. This change in di-
rection of the mixture takes place at the outlet of the ver-
tical channel 22, when said flow impacts against the in-
ternal wall of the upper portion of the side cylindrical body
14. As a result of this impact, most of the oil component
present in the mixture adheres to the upper portion of
said internal wall involved in the impact, and flows pro-
gressively downwards along the internal cylindrical wall
until it reaches the collection chamber 17, as will be de-
scribed in greater detail herein below. The second stage
of separation of the air phase from the oil phase, the
stage with greatest efficiency of separation, takes place
through coalescence of the oil component still largely
present in the mixture. The flow of compressed air mixed
with oil is in fact divided into at least two opposite and
substantially symmetrical flows, not visible in Figure 2,
which flow from above downwards in a semicircular tra-
jectory through the cylindrical gap 24 defined by the in-
ternal walls of the side cylindrical body 14 and the internal
cylindrical shell 25. This gap serves to convey the flows
of compressed air mixed with oil to the oil collection cham-
ber 17. The cylindrical shell 25 is a cylindrical body po-
sitioned laterally to the external cage 13 and made in thin
sheet metal or another suitable material. The cylindrical
shell 25 is supported concentrically in relation to the side
cylindrical body 14 by means of a circular groove 26
formed in the motor side cover 8, and a ring seal 27 in
contact with the intake side cover 15 of the external cage
13. The lower portion of the cylindrical shell 25 also has
a series of holes, suitable for allowing the passage of the
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compressed fluid. Since said lower portion of the cylin-
drical shell 25 is located below the level of oil in the oil
collection chamber 17, when the flows of air move down
symmetrical from above downwards through the cylin-
drical gap 24 to join up in the lower portion of this gap,
the compressed fluid traverses the aforementioned holes
there and flows into the oil contained in the collection
chamber 17. The component of oil still present in the
compressed mixture tends to aggregate through affinity
with the oil of the collection chamber 17 in the direction
of the arrows C in Figure 2, and the air which emerges
there, represented by the arrows B, only contains a very
low fraction of residual oil. This stage of separation has
a very high efficiency and, as mentioned previously, does
not entail the provision of any additional separation
chamber, although exploiting the volume of the oil sep-
aration chamber 17. The cylindrical gap 24 is also formed
by means of the insertion of the cylindrical shell 25 and
does not entail any oversizing of the circumference of
the side cylindrical body 14 of the external cage 13. The
third and final stage of separation of the air phase from
the oil phase takes place in a known manner through
coalescence of the residual particles during the passage
of the flow of compressed air through the separation filter
28 of Figure 1, not shown in Figure 2, and contained in
the candle space formed in the intake side cover 15 of
the external cage 13. Once the second stage of separa-
tion has been passed, the flow of air rises from below
upwards in the direction of the arrows B in Figure 2 to
enter the inlet manifold 29. From here the air traverses
the aforementioned separation filter, referred to colloqui-
ally as "candle", and leaves the compression unit through
the delivery conduit, not shown in Figure 2.

[0021] Figures 3a, 3b show a sectioned front view of
the compression unit 3 of Figure 2, wherein the features
of the motor side cover 8 and of the intake side cover 15
are shown respectively. In a known manner the compres-
sor according to the present invention is provided with
the cylindrical rotor 11 supported eccentrically inside the
hollow stator 12, whose internal walls define with said
rotor 11 the air compression chamber 30. The rotor 11
is provided with angularly equidistant radial grooves 31
which extend along the whole length of the rotor, wherein
the same number of blades 32 are mounted loosely.
These blades are pushed into contact with the internal
wall of the stator so as to define channels for compression
of the air with decreasing volume. The mixture, in the
direction of the arrow A, leaves the outlet manifold 21
compressed, enters the vertical channel 22 as indicated
by the arrow B and, impacting on the internal wall of the
upper portion of the side cylindrical body 14, divides into
atleast two symmetrical flows after having performed the
primary separation explained previously. The forced
route of the compressed fluid which, through the cylin-
drical gap 24, allows said fluid to reach the oil collection
chamber 17, is defined by the arrows C, D of Figure 3a.
The air - oil separation system described within the
sphere of the present invention also integrates within it-
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self a system for cooling of the compressed fluid, as will
be explained herein below. In flowing through the cylin-
drical gap 24, in fact, the two symmetrical flows exchange
heat directly with the side cylindrical body 14, whose in-
ternal surface is washed from above downwards through-
out its development. In order to facilitate this heat ex-
change and consequent cooling of the fluid, various rows
of fins 33 are provided outside of the side cylindrical body
14, wherein the fins are placed parallel one to the other
and have their plane parallel to the axis of said cylindrical
body 14. These fins are in turn washed by the air moved
by the fan placed on the cap 10 of the drive unit, as de-
scribed previously. The compressed fluid, which is
formed by air mixed with oil, is cooled simply and directly,
without the provision of any radiator outside of the com-
pressor. Advantageously both the air phase and the oil
phase of the compressed fluid exchange heat at the same
time, in such a way that by reaching a temperature lower
than the oil collection chamber 17 the second stage of
separation through coalescence, or secondary separa-
tion, takes place more efficiently. The air then rises up in
the volume between the internal cylindrical shell 25 and
the stator 12, in the direction of the arrows E of Figure
3b, and enters the inlet manifold 29 in the direction of the
arrow F where it undergoes the final stage of separation
of the air phase from the oil phase by means of the afore-
mentioned candle, and then flows into the delivery con-
duit of the compressor.

[0022] In relation to Figure 3a, other advantageous
features of the air compressor are shown according to
the present invention. The direct coupling of the com-
pression unit on the motor unit is achieved by means of
the extension 16 of the drive shaft, whereon the rotor 11
is keyed. For this purpose the central hole of the rotor 11
and said extension 16 are provided with a longitudinal
groove 34 with semicircular section, in such a way that
the two adjacent grooves form a cylindrical space. Inside
said cylindrical space a pin 35 is inserted by shape cou-
pling, which makes the rotor 11 integral with the extension
16, preventing its relative sliding. Figure 3a shows raised
external circular ribs 36 which define the spaces of the
housings of the tie-rods which make the motor side cover
8 integral with the motor unit 2. Internal circular elements
37 can also be seen, suitable for allowing the screwing
of other tie-rods, not shown in the drawings, which close
the external cage 13 of the compression unit 3. Figure
3b, depicting the intake side cover 15, instead shows the
raised internal circular ribs 38 which define the spaces
for housings of the heads of said tie-rods which secure
the intake side cover 15 integral with the side cylindrical
body 14 to the motor side cover of the external cage of
the compression unit, and the candle space 39 wherein
the candle is housed, or separation filter, for the third
separation stage. Advantageously the inlet manifold 29
and the candle space 39 are provided in the upper portion
of the intake side cover 15. This technique prevents the
foam, which is released from the oil during the phase of
disabling of the compressor, from succeeding ininvading
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the candle space 39, consequently wetting the filter.
[0023] It is clear how the gas - oil separation system
is fully integrated in the compression unit of the air com-
pressor and considerably simplifies the process of as-
sembly of the compressor and its routine and non-sched-
uled maintenance. To an even more evident extent the
system described allows a considerable reduction in the
final volume of the machine. It is understood that the
means for conveying the compressed fluid in the oil col-
lection chamber can be different from those provided in
the embodiment described. For example the outlet man-
ifold can be positioned in the lower portion of the stator
and be connected to a vertical channel flowing directly
into the compression chamber, or on the base of the lat-
ter. It is also understood that the compressor according
to the present invention, described here in detail as of
the rotary blade type, could also be of the rotary screw
type and also have two or more compression chambers,
without the principles of operation described losing the
special features claimed herein below.

Claims

1. Asystem for gas - oil separation of compressed fluid
foran oil-lubricated compressor (1) of gaseous fluids
comprising a motor unit (2), atleast one compression
unit (3) and an external cage (13) of the compression
unit equipped with a chamber (17) for the collection
of the lubricating oil, wherein said system for gas -
oil separation of the compressed fluid comprises at
least one stage of separation consisting in the tra-
versing of said oil collection chamber (17) by the
compressed fluid.

2. A system of gas - oil separation of compressed fluid
according to claim 1, characterised in that this sys-
tem is integrated in the compressor (3).

3. A system of gas - oil separation of compressed fluid
according to claim 1, characterised in that it com-
prises means for conveying said compressed fluid
into the oail collection chamber (17).

4. A system of gas - oil separation of compressed fluid
according to the previous claims, characterised in
that said means for conveying said compressed fluid
into the oil collection chamber consist of at least one
cylindrical gap (24) bordered by the internal walls of
the side cylindrical body (14) of said external cage
(13), said gap (24) serving to convey the compressed
fluid to the oil collection chamber (17).

5. A system of gas - oil separation of compressed fluid
according to the previous claims, characterised in
that it comprises a stage of gas - oil separation
through mechanical impact following at least one
change in direction of the flow of compressed fluid,
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which impacts for this purpose against the internal
wall of the upper portion of the side cylindrical body
(14) of the external cage (13).

A system of gas - oil separation of compressed fluid
according to the previous claims, characterised in
that in said cylindrical gap (24) the compressed fluid
exchanges heatdirectly with the side cylindrical body
(14), whose internal surface is washed from above
downwards throughout its development.

A system of gas - oil separation of compressed fluid
according to the previous claims, characterised in
that at least one row of fins (33) is provided outside
of the side cylindrical body (14) of the external cage
(13) of the compressor (3).

A system of gas - oil separation of compressed fluid
according to the previous claims, characterised in
that a fan is mounted on said drive unit (2) to cool
the motor unit (2) and the compression unit (3).

An oil-lubricated compressor of gaseous fluids, pro-
vided with a motor unit (2) and a compression unit
(3) which substantially comprises a rotor (11) and a
hollow stator (12) whose internal walls define with
said rotor (11) at least one compression chamber,
and an external cage (13) provided with a chamber
(17) for collection of the lubricating oil, provided with
a system of gas - oil separation of the compressed
fluid according to claims 1 to 8.

An oil-lubricated compressor of gaseous fluids ac-
cording to claim 9, characterised in that it compris-
es atleast one cylindrical shell (25) positioned inside
the external cage (13) and supported concentrically
in relation to the side cylindrical body (14) of the ex-
ternal cage (13) of the compressor (3), said cylindri-
cal shell (25) defining with the internal walls of said
side cylindrical body (14) the cylindrical gap (24).

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, wherein said lower
portion of the cylindrical shell 25 is located below the
level of oil in the oil collection chamber (17) and has
means for the passage of the compressed fluid.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, wherein the pressu-
rised fluid, in output from the compression chamber,
flows into the vertical channel (22).

An oil-lubricated compressor of gaseous fluids ac-
cording to claim 12, wherein said vertical channel
(22) is formed in the motor side cover (8) through a
radial hole.

An oil-lubricated compressor of gaseous fluids ac-
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17.

18.

19.

20.

21.

22,

23.

10

cording to the previous claims, wherein the pressu-
rised fluid at the outlet of the vertical channel (22)
impacts against the internal wall of the upper portion
of the side cylindrical body (14), performing the pri-
mary separation.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, wherein the flow of
pressurised fluid at the outlet of the vertical channel
(22) is divided into at least two opposite and sub-
stantially symmetrical flows which flow from above
along a semicircular trajectory through the cylindrical

gap (24).

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, wherein said at least
two opposite and substantially symmetrical flows of
pressurised fluid join up in the lower portion of said
gap (24), and there traverse said means for the pas-
sage of the compressed fluid, in such a way that said
compressed fluid flows into the oil contained in the
oil collection chamber (17), performing the second-
ary separation.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, characterised in
that the intake side cover (15) of the external cage
(13) is provided with an inlet manifold (29) and a
candle space (39), positioned in the upper portion of
said intake side cover.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, characterised in
that the flow of air rises up from the oil collection
chamber (17) in the volume between the cylindrical
shell (25) and the stator (12), and enters the inlet
manifold (29) for access to the candle space (39),
where it undergoes the final stage of separation.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, characterised in
that the candle space (39) is provided inside the ex-
ternal cage (13) of the compression unit (3).

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, characterised in
that the rotor (11) is of the blade type.

An oil-lubricated compressor of gaseous fluids ac-
cording to claims 9 to 20, characterised in that the
rotor is of the screw type.

An oil-lubricated compressor of gaseous fluids ac-
cording to the previous claims, characterised in
that the compression unit (3) is coupled directly to
the motor unit (2).

An oil-lubricated compressor of gaseous fluids ac-
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cording to the previous claims, characterised in
that said direct coupling of the compression unit (3)
on the motor unit (2) is performed by means of the
extension (16) of the drive shaft of the motor unit (2),
whereon the rotor (11) of the compression unit (3) is
keyed.
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